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MICROBIAL LARVICIDES FOR MALARIA CONTROL IN THE
GAMBIA

Majambere S.1,2, W Lindsay S.1, Green C.1,2, Kandeh B.3, Fillinger U.1

1School of Biological and Biomedical Sciences, Durham University
Durham, DH1 3LE, UK

2Medical Research Council Laboratories, Fajara, The Gambia and
3National Malaria Control Programme, Banjul, The Gambia

Mosquito larval control may prove to be an effective tool for incorporating into integrated vector
management (IVM) strategies for reducing malaria transmission. Here the efficacy of microbial
larvicides against Anopheles gambiae s.l. was tested in preparation for a large-scale larviciding
programme in The Gambia.
The impact of water-dispersible (WDG) and corn granule (CG) formulations of commercial Bacillus
sphaericus strain 2362 (Bs; VectoLex®) and Bacillus thuringiensis var.israelensis strain AM65-52
(Bti; VectoBac®) on larval development were tested under laboratory and field conditions to (1)
identify the susceptibility of local vectors, (2) evaluate the residual effect and re-treatment intervals,
(3) test the effectiveness of the microbials under operational application conditions and (4) develop
a method for large-scale application.
The major malaria vectors were highly susceptible to both microbials. The lethal concentration (LC)
to kill 95% of third instar larvae of Anopheles gambiae s.s. after 24 hours was 0.023 mg/l (14.9
BsITU/l) for Bs WDG and 0.132 mg/l (396 ITU/l) for Bti WDG. In general Bs had little residual effect
under field conditions even when the application rate was 200 times greater than the LC95.
However, there was a residual effect up to 10 days in standardized field tests implemented during
the dry season. Both microbials achieved 100% mortality of larvae 24–48 hours post-application but
late instar larvae were detected 4 days after treatment. Pupae development was reduced by 94%
(95% Confidence Interval = 90.8–97.5%) at weekly re-treatment intervals. Field tests showed that
Bs had no residual activity against anopheline larvae. Both microbials provided complete protection
when applied weekly. The basic training of personnel in identification of habitats, calibration of
application equipment and active larviciding proved to be successful and achieved full coverage
and control of mosquito larvae for three months under fully operational conditions.
Environmentally safe microbial larvicides can significantly reduce larval abundance in the natural
habitats of The Gambia and could be a useful tool for inclusion in an IVM programme. The costs of
the intervention in this setting could be reduced with formulations that provide a greater residual
effect.

Background
At the start of the new millennium

malaria is still deeply entrenched in Africa
and effective malaria control is under threat
from drug and insecticide resistance [ 1 , 2 ].
In response to that, mosquito larval control
has recently received renewed attention by
the international scientific community [ 3 -
11 ] and recent attempts to develop integrated
vector management (IVM) strategies for
different eco-epidemiological settings re-
consider mosquito larval control as one of the
tools to reduce malaria transmission [ 12 ].

Promising new formulations of the
microbial larvicides Bacillus sphaericus (Bs)
and B. thuringiensis var. israelensis (Bti)
have recently been shown to give excellent

control of the major vectors of malaria in
Africa  [  4,  13  ].  Use  of  these  biological
control agents is better than chemical
larvicides since they are very species
specific, environmentally safe

[ 14 ] and appear not to induce
resistance when used together [15]. It is
envisaged that the utilization of such
biological control agents may be best carried
out using a vertical approach that actively
involves local communities [ 10 , 16 ].

The national strategy for malaria
control in The Gambia includes larval control
[17], yet there has been no detailed
evaluation of this methodology. Whilst Bs
and Bti have been tested in different
ecological settings in Africa [4,18 22 ], the
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riparian habitats found in The Gambia
represent a novel habitat for investigating
these microbials. In the presented study the
efficacy of microbial larvicides was tested
against malaria vectors in The Gambia, West
Africa, to identify the optimal formulations,
dosages and application methods in order to
prepare for a large-scale larviciding
programme.

Methods
Study area
The Gambia is in the southern Sahel

and is characterized by a single rainy season
from June to October. The country lies in an
area of open flat Sudan savannah that is
dominated by the River Gambia, a large,
slow moving waterway, characterized by
tidal movements and saltwater intrusions as
far as 200 km up river. River Gambia is
representative of many large river systems in
Africa. Its tidal movements flood successive
belts of vegetation from the mangrove forest
through flooded Phragmites, sedge and grass
species, punctuated by large bands of barren
floodplain. The tidal movement of the river
and its flooding during the rainy season
creates suitable breeding habitats for malaria
vectors [ 23 , 24 ].

The study was based in and around
Farafenni town (UTM zone 28 1500200mN,
435500mE), in the central part of the
country, about 100 km from the coast (Figure
1). Lab oratory and standardized field tests
were carried out at Farafenni Field Station of
the Medical Research Council (MRC)
Laboratories. Field tests were implemented
near Tamba-Koto village, 10 km east of
Farafenni. The area is predominantly flat
farmland and woodland savannah. The main
inland crops are sorghum, millet, groundnut
and pumpkin and in the floodplains swamps
rice is grown during the rainy season. The
villages in the area are discrete clusters of
houses and are not scattered as seen in many
parts of Africa. The primary malaria vectors
are Anopheles gambiae sensu stricto,
Anopheles arabiensis and Anopheles melas [
23 , 25 ].

Climate
Data on daily minimum and maximum

temperatures were available from the
meteorological station at Kaur 30 km from
Farafenni town. Rainfall was collected with a
rain gauge at the MRC station, Farafenni.

Larvicides
Water-dispersible granular

formulations (WG/WDG) of the commercial
strains of Bs (VectoLex® strain 2362, Lot
number 115-498-PG, 650 International Toxic
Units,  ITU/  mg)  and Bti (VectoBac® strain
AM65-52; Lot number 114114-32, 3000
ITU/mg; Valent BioSciences Corporation,
Illinois, USA,) were tested in the laboratory
and under field conditions, in a similar
manner to that described by Fillinger et al.  [
13 ] in Kenya, in order to make direct
comparisons between west and east Africa.
WG/WDG formulations were applied as
liquid with handheld or knapsack sprayers.
Bs (VectoLex®, Lot number 117-999-NB, 50
ITU/  mg)  and  Bti  (VectoBac®, Lot number
131-661-NB, 200 ITU/mg) corn granule
(CG) for hand application or motorized
granule spreaders was evaluated under field
conditions only.

Laboratory assays
Laboratory assays were conducted to

assess the susceptibility of the principal
malaria vector in The Gambia, An. gambiae
s.s., to microbial larvicides. Laboratory
assays were carried out with a colony of
insectary-reared larvae originated derived
from wild-caught mosquitoes collected from
Saruja in The Gambia and maintained at the
MRC Laboratory in Farafenni since 2002.
All mosquito larvae used in the laboratory
experiments were reared at a room
temperature of 28°C, 80% relative humidity
and an approximate 12 hour light : 12 hour
dark cycle. Larvae were reared in
transparent, 1.5 L capacity plastic containers
(24  ×  17  ×  8  cm)  filled  with  1  L  tap  water
that had been left in the insectary for at least
48 hours to equilibrate. Larvae were fed by
adding a pinch of crushed Tetramin® (Tetra,
Germany) fish food spread evenly on the
water surface twice daily.
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Figure 1. Map  of  The  Gambia,  West  Africa  (A)  and  the  study  area  (B).  The  black  line
encloses the control, the red line the intervention area. The 24 sentinel sites for larval surveys
are marked as stars.

Assays  were  performed  with  the
WG/WDG formulation of VectoLex® and
VectoBac® to determine their minimum
effective dosages following the standard
testing proce dures for microbial tests [14].
Fifty third instar larvae were randomly
collected for the experiment from several
bowls to compensate for size differences that
could have reflected the amount of food
available [ 26 ] and transferred to new 1.5 L
plastic  containers  filled  with  1  L  of  the  test
solution or distilled water only (control). On
every test date a fresh stock solution of 100
mg/l WG/WDG was prepared and test

aliquots made up to 1 L with distilled water.
After range finding tests [ 14 ], five to six
different test concentrations were chosen for
each experiment. Test concentrations ranged
between 0.001 and 0.1 p.p.m for Bs and
between 0.001 and 0.016 p.p.m for Bti. Each
experiment contained an untreated control.
The experiment was run in three replicates at
the same time and the entire experiment
carried out on five occasions. Larvae were
not fed during the experiments and all tests
were run at ambient temperature ranging
between 21 and 34°C. Larvae were counted
and mortality scored after 24 hours. Where



Medical  and Biological sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

7

mortality exceeded 10% in the controls, the
experiment was discarded and repeated.

Standardized field trials
Standardized field trials were

conducted at the MRC field station in
Farafenni during the rainy (September to
October 2004) and dry season (December
2004 to May 2005) to identify the optimum
dosages of Bs and Bti required under field
conditions and to evaluate the residual effect
and re-treatment intervals for the test
microbials. Artificial ponds were created
following the experimental design of
Fillinger et al . [13 ]. Eighteen light blue
plastic tubs (0.5 m diameter) were buried into
an open sunlit field in three lines of six tubs
(distances between tubs was approximately 2
m). The tubs were filled with approximately
6 kg of top soil from the experimental area to
provide the abiotic and biotic conditions
suitable for mosquitoes. Tubs were filled
with tap water and maintained at a depth of
0.4

m. Overflow holes were created at the
0.4 m level and screened with nylon netting
to allow excess water to leave the tubs during
heavy rainfall and prevent larvae from being
washed over the edges. The habitats were left
open for mosquito oviposition. Experiments
were implemented eight to nine days after the
tubs were set-up to allow third and fourth
instar larvae to develop. Water temperatures
during the experiments ranged between a
minimum of 23°C and a maximum of 40°C.
Acknowledging the hazard artificially
created breeding sites present, all habitats
were carefully screened for pupae twice daily
with a dipper and visually and any pupae
were remove vent the emergence of malaria
vectors.

Of the 18 artificial habitats, six served
as untreat trols and two treatments (six tubs
each) were allo the remaining 12. Treatment
and contro selected randomly using a web-

based rando [ 27 ]. Treatment concentrations
were calcula basis of a standard water depth
of 0.1 m and fixed area [ 28 , 29 ]
irrespective of the actual water dept ulate
operational procedures. Both microbi over
the entire water surface of the habitats using
a 250 ml handheld sprayer. Each day the
average number of larvae and pupae per dip
(350 ml capacity dipper, Clarke Mosquito
Control  Products,  Illinois,  USA)  was
determined by taking five dips from four
different directions of each pond close to the
edge and one from the middle. Mosquito
larvae  were  classified  as  anophelines  or
culicines and recorded as early (1st and 2nd) or
late (3rd and  4th) instars. After counting,
larvae were returned to the water and pupae
removed. Treatment was done once at day 0.
The experiment was terminated when the
difference between late instar and pupae
density was no longer statistically significant
between control and treatment tubs. A sub-
sample of 69 Anopheles adults were allowed
to emerge from pupae collected from the
control and identified morphologically;
rDNA-PCR markers were used for species
determination  of  adults  of  the An. gambiae
species complex [ 30 ].

Field trial
Based  on  the  results  from  the

laboratory and the standardized field tests a
pilot-scale field operation was designed and
implemented between August and November
2005 to test the efficiency and life span of the
larvicides under natural conditions in
representative habitat types in the floodplains
of the River Gambia. The field tests served to
identify (1) the operational requirements e.g.
time needed per surface area treated,
equipment and manpower needed, (2) the
optimal microbial and (3) the best
formulation in preparation for large-scale
larviciding campaigns scheduled for the
following rainy season 2006.
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Figure 2. Temperature (°C) and rainfall pattern (mm) during the studyperiod.

Liquid  (WDG)  and  granule  (CG)
formulations of both Bs and Bti were tested.
Liquids were applied using 5 L capacity
compression sprayers (Mesto Resistent No.
3600, Freiberg, Germany) or 15 L capacity
diaphragm knapsack sprayers (SOLO® 475,
Sindelfingen, Germany; Figure 3). Both
sprayers were operated at an average
pressure of 4bar. Corn granules were either
applied by hand carrying the granules in a 5
L bucket on a carrying strap over the
shoulder (Figure 4) or were spread with 13 L
backpack power chemical applicators (MD
150DX-13 Maruyama, Tokyo, Japan)
covering a swath width of 10–15 metres.

The pilot zone was situated 10 km east
of Farafenni and had an area of 24 km2. The
area included the major breeding habitats for
anophelines in this region of The Gambia:
extensive rice fields, pools that were people-
made and natural, and large floodwater areas
interspersed with grass. Notably, aquatic
habitats harbouring anopheline larvae in the
Gambia might be described as 'atypical' when
compared with other parts of Africa. The
habitats are water-fed primarily through the
flooding of the river and are additionally
under tidal influence leading to flooding and
contraction of the habitats which are usually
shallow but can be extensive in size (Figure

3) and are probably fairly typical for many
large rivers in the Sahel.

After mapping all aquatic habitats in
the pilot zone the area was divided into an
intervention and a non-interven tion zone
(Figure  1).  In  the  intervention  zone,  6  km 2

was routinely larvicided. In each zone 12
sentinel sites were randomly selected from
the total list of habitats for measuring
mosquito larval density. The sentinel sites
were located in rice fields and floodwater
habitats covered with grass and sedge.
Larviciding was implemented under
operational conditions by a team of four men
from the National Malaria Control
Programme who had undergone two weeks
of training prior to the field trial. The
monitoring of the intervention's impact in the
24 sentinel sites was implemented
independently by the research team. The
larviciding  teams  were  unaware  of  the
location of the sentinel sites.

Bs treatments were applied at rates of 1
kg/ha for WDG and 15 kg/ha for CG;
dosages  proven  to  be  effective  from  the
standardized field trials and previous
experiences  [  4  ,  13  ]. Bs WDG was tested
for two consecutive weeks and followed by
Bs CG  for  one  week.  This  allowed  the
authors to train larviciding staff how to use
different application equipment and assess
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whether the two formulations performed
differently under field conditions. Larval
density was surveyed using the standard
dipping technique [31]. Ten dips were taken
at each sentinel site to determine the larval
density at the day of the first treatment (day
0)  and  at  day  two,  four  and  seven  after
treatment for three consecutive weeks.
Purposive sampling was done to maximise
the sensitivity of collections. Re-treatments
took place on a weekly basis if late instar
larvae occurred at day four.

Following the Bs field test, operational
application of Bti was evaluated at dosages of
4.0 kg/ha for CG for two weeks, followed by
WDG applications of 0.2 kg/ha for seven
weeks. Dosages were based on laboratory
and field trial results and on previous studies
[4,13]. During the application of Bti larval
density was monitored once a week in the
sentinel sites using the same methodology as
described above. The monitoring was
implemented one to three days after
application.

Due to the specific habitat
characteristics in the tidal floodwater of The
River Gambia we covered the entire surface
of all aquatic habitats with larvicide.

Figure 4. Hand application of corn granule
in highly vegetated areas of the floodplains.

Analyses
LC50 and LC99 values were determined using
log-probit regression analysis. The
percentage reduction in larval mosquito
densities in the standardized field trials was

calculated using the formula of Mulla et al. [
32 ]: % Reduction = 100 - (C1/T1 ×  T2/C2)
×100, where C1 and  C2 describe the average
number of larvae in the control tubs pre- and
post-treatment, T1 and  T2 describe the
average number of larvae in the treated tubs
pre-and post-treatment

Figure 3.aLiquid application of microbial
larvicides with 15 litres capacity knapsack
sprayers on open water surface (edge of
floodwater).

. Mean number of larvae and pupae per
dip in control and treatment sites in field tests
were compared using non-parametric Mann-
Whitney tests. The tests were implemented
separately for each sampling day comparing
mean numbers of immature stages in the
controls with treatments. When multiple
comparisons of more than one treatment and
control were made the Bonferroni correction
was used to define the alpha cut off value.
The corrected significance levels are
presented with the figures. All analyses were
carried out using version 11.0 of the SPSS
statistical software package.

Ethics
Ethical approval for this study was

given by the Joint Gambian Government and
Medical Research Council's Laboratories in
The Gambia, as well as Durham University's
Ethics Advisory Committee.
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Results
Climate
Figure 2 summarizes average minimum

and maximum temperatures and the monthly
rainfall during the study period from
September 2004 to November 2005. The dry
season extended from November 2004 to
May 2005 and can be portioned into a 'cold
dry season', from November to February, and
a  'hot  dry  season',  from  March  to  May.  The
rainy season is characterized by more
constant temperatures with little difference
between minimum and maximum values.
Rain fell only once during the experiments
on day 4 of the rainy season test of low (0.5
and 1 kg/ha) Bs WDG dosages, but did not
appear to influence the results.

Laboratory assays
After 24 hours exposure of third instar

larvae of An. gam-biae s.s. to Bs WDG
(VectoLex®, 650 BsITU/mg), a concentration
of 0.004 mg/l (2.6 BsITU/l) caused 50%
mortality (LC50) and a concentration of 0.023
mg/l (14.9 BsITU/l) caused 95% mortality
(LC95). Bti WDG (VectoBac®, 3000 ITU/mg)
concentrations of 0.039 mg/l (117 ITU/l)
killed 50% of the larvae and 0.132 mg/l (396
ITU/l) 95% (Table 1 ).

Standardized field trials
Throughout the year, oviposition

occurred soon after the artificial habitats
were set up and immature stages of
anopheline and culicine mosquitoes detected
after  four  to  five  days.  Overall Anopheles
larvae accounted for 40% of larvae collected
during the trials. 69 Anopheles adults that
emerged from pupae collected from the
control tubs were identified to species level.
36 Anopheles adults belonged to the An.
gambiae s.l.  species  complex  and  PCR
analyses revealed that the tubs contained a
mix of An. arabiensis (66%), An. gambiae
s.s. (30%) and An. melas (4%). Since there
were no differences of the impact of the
larvicides on anophelines and culicines in the
standardized field trials the data were pooled
for all analyses and presentation.

Bti WG
Field trials with Bti WG were

implemented with the minimum dosage [ 33 ]
required to cause 100% mortality within 24–
48 hours after application as identified in the
laboratory assays. Since no improvement of
the impact or activation of any residual effect
was expected [34] higher dosages were not
tested after the minimum dosage of 0.2 kg/ha
under standardized field conditions killed all
larvae within 48 hours and provided
therefore optimum control for the period of
one week (Figure 5 and Table 2). Although
reduced late instar densities were recorded up
to  eight  to  ten  days  after  application  (Table
2) these differ ences were only statistically
significant up to day five (Fig ure 5) in both
test periods. Late instar larvae and pupae
developed in increasing numbers five to six
days after Bti application. The seasons had
little impact on the outcome of the trials.
Notably, pupal production could not be
completely suppressed despite the well-
controlled implementation of the experiment,
although pupal production was more
successfully suppressed during the cold than
the hot dry season. The results indicate that
weekly treatment intervals can reduce pupae
production by 64–94%. A recent study
though showed that higher rates of the WG
formulation of Bti may produce longer
control since the WG particles redistribute
throughout the water column after
application (S. Krause, personal
communication) and, therefore, the effect of
higher Bti WG rates on field residual control
of An. gambiae requires further study.

Bs WDG
Four different doses of Bs WDG were

tested (0.5, 1.0, 2.5 and 5.0 kg/ha) and each
experiment run twice to evaluate whether any
residual effect of the larvicide could be
detected which would allow extended re-
treatment intervals. The results of the impact
of the different dosages are presented in
Figure 6 and 7. The results are shown sepa
rately for the replicates implemented during
the rainy (A) and the dry season (B). The
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daily percent reduction of late instar larvae is
summarized in Table 3.

Irrespective of dosage and season 96–
100% larval mortality was achieved 24–48
hours after application. No residual effect of
a single Bs application was detected during
the rainy season at any application rate tested
but was extended during the dry season for
all tested dosages (Fig ure 5 and 6, Table 3).
Statistically significant reductions in pupae
densities were achieved up to five days post-

treatment in the rainy season and up to 10
days during the dry season. There were no
statistically significant differences between
the different test concentrations (Figure 6 and
7). Consequently, pupae development could
be reduced by over 95% when Bs WDG was
applied at weekly intervals. Low dosages
have shown to be as effective as high
dosages. During the dry season similar
suppression of pupae densities could be
achieved at 10-day re-treatment intervals.

Table 1. Laboratory bioassays results of Bs and Bti WDG/WG against third instar larvae of
Anopheles gambiae s.s. after 24 h exposure (lethal concentrations (LC) in p.p.m.)

CI, confidence interval; SE, standard error; d.f., degrees of freedom

Field trial
Field trials were conducted in the

floodplains of the River Gambia to confirm
results from standardized field set up and to
evaluate the effect of larviciding under
operational conditions. The field tests were
implemented during the rainy season which
is the main malaria transmission season in
The Gambia and the period with most larval
habitats. At the start of the field trials late
instar Anopheles larvae were found in 33% of
all sentinel sites. The proportion of habitats
with late instar Anopheles increased in the
non-intervention sites with continuous
rainfall to 67% in October 2005. Culicine
and anopheline larvae co-existed in most of
the habitats and did not show any difference
in response to the larviciding. Both sub-
families have, therefore, been pooled for
presentation and analyses.

Bs WDG and CG formulations were
evaluated to detect any residual effect of the
microbial under operational application in the
field. Application took place at weekly
intervals to evaluate whether continuous
application might result in an increasing
residual  effect  with  time.  The  results  of  the
three week trial are presented in Figure 8.
100% mortality of late instar larvae was

achieved two days post-treatment at any
application date irrespective of the
formulation  applied.  A residual  effect  of  the
microbial which would allow re-treatment
intervals greater than one week was not
detected (Figure 8), which supports the
results from the standardized field trials.
Weekly application of Bti under operational
conditions (Figure 9 ) achieved a consistent
suppression of larval development over the
entire nine weeks study period with
minimum dosages (as identified in
laboratory) irrespective of the formulation
and equipment used. Surprisingly, pupae
were not collected under field conditions in
either the intervention or control sites.

Larvicides were applied by four men
from 7:00 to 13:00 (6 hours) a day. While
staff worked continuously to cover the entire
study area, each habitat was spayed only
once a week. All formulations could be
successfully applied under operational
conditions and were equally effective.
Different application equipment though had
an impact on the time required per surface
area treated. On average seven hectares were
treated per day (0.29 ha/person/hour) using 5
L  compression  sprayers  or  13  L  motorised
granule spreaders; nine hectares were
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covered using 15 L knapsack sprayers (0.38
ha/ person/ hour) and 5 hectares when

granules were applied by hand (0.21
ha/person/hour).

Table 2. Percent reduction (%) of late instar larvae (Anopheles and culicine combined) after
application of Bti WDG at 0.2 kg/ha in the cold (Dec) and hot (May) dry season

Figure 5. Impact of Bti WDG at 0.2 kg/ha on early and late larval and pupae density in
standardized field tests. A: during cold dry season (Dec); B: during hot dry season (May).
Daily differences in immature densities were analysed using Mann-Whitney tests at a
significance level of p < 0.05. Different letters (a, b) on bars indicate a significant difference
at the specific sampling day.
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Discussion
The results show that the major malaria

vectors in The Gambia are highly susceptible
to Bs and Bti under laboratory and field
conditions, with Bs even more toxic per
weight applied than Bti. The LC values found
in the laboratory experiments are very similar
to those found in ear lier studies [13,35]
conducted in East Africa suggesting that the
susceptibility of malaria vectors to microbial
larvicides is inherent to the species and not to
the ecological settings of the area. Bs has
shown residual activity for two to 10 weeks

in previous studies [ 36 - 39 ], with repeated
applications increasing the likelihood of
greater residual activity [ 4 , 40 ]. Larvicides
with long residual activity would be
advantageous for larviciding campaigns
because less manpower and larvicide would
be required, helping to keep down costs and
increase effectiveness. However, in contrast
to previous results Bs did not show extended
residual effect under field conditions in The
Gambia even after repeated treatments and
when the application rate was as high as 200
times the LC95 (5 kg/ha).

Figure 6. Impact of low dosages of Bs WDG (0.5 and 1 kg/ha) on immature mosquito density
in standardized field tests. A: during rainy season; B: during dry season. Daily differences in
immature densities were analysed using Mann-Whitney tests at a significance level of p <
0.017. Different letters (a, b) on bars indicate a significant difference at the specific sampling
day.

Only a slightly extended residual effect
up to 10 days could be detected in the
standardized field tests implemented during
the dry season (January to March) but not the
wet season. It can be hypothesized that the
different daily water temperature profile in

the experimental tubs during the rainy season
might be responsible for the reduced effect of
the microbial. Although the average air
temperatures did not differ between the
experimental periods in the rainy and dry
seasons the low variation between minimum



CONTENTSMedical and Biological sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

14

and maximum temperatures during the rainy
season (Figure 2 ) will have resulted in high
water temperatures for longer during the
rains compared with the dry season. High
water temperatures result in faster destruction
of the protein toxin [ 41 ]. The low residual
activity could also be due to the low larval
density observed in the artificial and natural
habitats. Bs seems to persist or recycle in
some environments because it rapidly
increases its numbers in the midgut of killed
larvae [42-44]. Where larval densities were
high the residual activity of the microbial
larvicides appears to be greater [45 , 46 ].
Dead and dying larvae release the bacteria
into the water increasing the bacterial content
of the water and infecting new generations of
larvae.

The presence and abundance of pupae
can serve as a proxy measure for adult
mosquito emergence, since pupae survive for
only a few days before adult emergence. The
identification of the most productive habitats
for adults could help target larviciding
operations especially in the extensive water
surface areas of the river's floodplains. In this
study no pupae were collected in the field
during the pilot field tests. This unexpected
finding may be a consequence of the dipping
technique. Although the technique is
commonly used for studying larval ecology
in Africa, it appears to be inappropriate for
sampling the very sensitive and agile pupae
from natural aquatic habitats, particularly in
The Gambia where larval densities are
generally low consequently leading to even
lower pupae densities. This insensitivity of
the sampling technique is further
compounded by the highly aggregated
distribution of pupae in natural habitats
compared to larvae [31,47,48]. Even in the
tubs  dipping  underestimated  the  density  of
pupae. Sweep nets may prove to be a better
sampling tool since they collect 10 times
more pupae in fewer sweeps than dips (see
also [47]). Since pupae abundance is often
used for establishing the 'productivity' of

habitats [8] fur ther studies to develop more
efficient sampling protocols are desirable.

Large-scale application of larvicides in
The Gambia will be implemented during the
rainy season when the river floods and
surface water is plentiful. At the end of the
wet season over 90% of the Anopheles-
containing breeding sites dry up quickly
leaving only a few dry season refugia. For
these dry season sites a targeted application
of Bs might be useful to suppress the build up
of the adult population at the start of the
rains.  The  results  indicate  that  with
commercially available microbials weekly
larviciding will be necessary during the rainy
season  in  The  Gambia.  In  this  instance  the
use of Bti products is preferred since the
costs for this microbial  are far lower than Bs
[  4  ]  and  the  development  of  resistance  is
unlikely [ 15 , 34 , 49 ]. Very low dosages of
0.2 kg/ha (representing the LC99) lead to
optimal suppression of mosquito larvae and
pupae which is consistent with results from
East Africa [4,13].

Granule and liquid formulations have
proven equally effective in killing mosquito
larvae but the selection of application
equipment was important for the speed of
coverage. The 5 L compression sprayers
were easier to carry than the higher capacity
sprayers, but they were slower to use because
they needed to be refilled more frequently.
This was exacerbated by the fact that most
water  bodies  in  the  floodplains  of  The
Gambia are very shallow and muddy, and,
therefore, unsuitable for water collection,
which led to long distances being covered to
re-fill the sprayers. Another disadvantage of
the compression sprayers was that they have
to be pressurized by pumping air into the
tank before spraying which proved difficult
on the very muddy ground in the floodplains.
The problem of finding suitable water
sources for mixing WDG formulations and
the increasing plant growth during the rainy
season favours the application of granule
formulations in an environment like the river
floodplains.
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Figure 7. Impact of high dosages of Bs WDG (2.5 and 5 kg/ha) on immature mosquito
density in standardized field tests. A: during rainy season; B: during dry season. Daily
differences in immature densities were analysed using Mann-Whitney tests at a significance
level of p < 0.017. Different letters (a, b) on bars indicate a significant difference at the
specific sampling day.

Table 3. Percent reduction (%) of late instar larvae (Anopheles and culicine combined) after
application of Bs WDG in different dosages in the dry and rainy season

-, test was terminated earlier
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Motorized granule spreaders provided
excellent coverage and proved especially
useful in areas with tall vegetation where
access on foot is impossible. However, when
filled with the microbials they weighed close
to 20 kg and walking on soft ground became
difficult and, coupled with the loud noise of
the engine, made them uncomfortable for
long-term use. The relatively high purchase
and running costs of motorized spreaders
(approximately $300/spreader plus fuel
costs) compared to knapsack sprayers
(approximately $100/sprayer) represent
another disadvantage in resource poor
African settings. Based on the pilot field trial,
it is recommended for a large-scale
larviciding programme in The Gambia to use
15 L knapsack sprayers for all large, open
water surface areas, and to use granule
formulations for highly vegetated areas. In
the view of the authors hand application is
the preferred method for larvicide application
because it represents a low-tech and low-cost
technology. Even though granule distribution
does not result in an even application, as that
achieved with motorized sprayers, it is easily
manageable and maintenance free.
Nevertheless, motorized sprayers must be
used when tall vegetation dominates or
access on foot is impossible due to high
water level or soft underground.

The basic training of larviciding
personnel in identification of habitats,
calibration of application equipment and
active larviciding proved to be successful and
achieved full coverage and control of
mosquitoes for three months under fully
operational conditions. To reduce labour and
management effort though it would be
desirable to have larvicides available which
would express extended efficiency under
extreme climate conditions. Microbial
larvicides were chosen in this study because,
in contrast to many other larval control
agents, they exhibit the highest
environmental safety to non-target organisms
and application personnel, they are very easy
to  handle  and  are  unlikely  to  lead  to  the

development of resistance [ 15 , 34 , 49 , 50
]. Nevertheless, it would be useful to explore
whether greater persistence could be
achieved with alternative products.
Organophosphates, like temephos, appear to
be less useful since they rarely show much
persistence compared with microbials [9,51].
Moreover, organophosphates can have a
negative impact on non-target organisms [ 52
,  53  ]  and  need  careful  resistance
management. On the other hand, the use of
insect growth regulators (IGRs), like
pyriproxyfen, might prove more
advantageous [ 54 - 56 ]. IGRs have been
highly successful elsewhere when applied at
monthly intervals, although this was usually
administered in highly confined habitats [ 56
, 57 ]. Whether this residual effect could be
replicated in a highly mobile aquatic
environment like the floodplains of The
Gambia needs careful evaluation. The
greatest disadvantage of IGRs though is the
difficulty in monitoring whether they are still
effective or not since larvae will always be
detected in the water and the development
and emergence of pupae needs to be
observed, which represents a challenge given
the difficulty of collecting any pupae.
Moreover complicated monitoring systems
using emergence cages or similar devices
might  not  be  easy  to  handle  in  a  large-scale
operational programme.

Conclusion
The results support the hypothesis that

the implementation of large-scale larviciding
with commercially available microbials in
The Gambia will lead to a reduction in larval
abundance in the natural habitats. Both
microbial strains tested, can be applied
successfully in extended floodplain areas
either as liquid with knapsack sprayers or as
granules by hand and motorised sprayers.
Due to the lack of residual effect of Bs,
products Bti should be applied weekly during
the rainy season. Dry season refugia should
be targeted with bi-monthly Bs applications.
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Figure 8. Efficiency  of Bs treatments under
operational field conditions. Bs application
took place on day 0, day 7 and day 14
(arrows). WDG formulation was applied on
day 0 and 7; CG formulation was applied on
day 14. Differences in immature densities
were analysed using Mann-Whitney tests at a
signif-icance level of p < 0.05. Different
letters (a, b) on bars indi-cate a significant
difference at the specific sampling date.

Environmentally safe microbial
larvicides  could  be  an  additional  tool  in  an
IVM programme in The Gambia but due to
the lack of residual effect of the microbial
larvicides, there is a need to assess the costs
of weekly applications in consideration of
reduction in transmission intensity.
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During the extended clinically latent period associated with Human Immunodeficiency Virus (HIV)
infection the virus itself is far from latent. This phase of infection generally comes to an end with
the development of symptomatic illness. Understanding the factors affecting disease progression
can aid treatment commencement and therapeutic monitoring decisions. An example of this is the
clear utility of CD4+ T-cell count and HIV-RNA for disease stage and progression assessment.
Elements of the immune response such as the diversity of HIV-specific cytotoxic lymphocyte
responses and cell-surface CD38 expression correlate significantly with the control of viral
replication. However, the relationship between soluble markers of immune activation and disease
progression remains inconclusive. In patients on treatment, sustained virological rebound to >10
000 copies/mL is associated with poor clinical outcome. However, the same is not true of
transient elevations of HIV RNA (blips). Another virological factor, drug resistance, is becoming a
growing problem around the globe and monitoring must play a part in the surveillance and control
of the epidemic worldwide. The links between chemokine receptor tropism and rate of disease
progression remain uncertain and the clinical utility of monitoring viral strain is yet to be
determined. The large number of confounding factors has made investigation of the roles of race
and viral subtype difficult, and further research is needed to elucidate their significance.
Host factors such as age, HLA and CYP polymorphisms and psychosocial factors remain
important, though often unalterable, predictors of disease progression. Although gender and
mode of transmission have a lesser role in disease progression, they may impact other markers
such as viral load. Finally, readily measurable markers of disease such as total lymphocyte count,
haemoglobin, body mass index and delayed type hypersensitivity may come into favour as ART
becomes increasingly available in resource-limited parts of the world. The influence of these, and
other factors, on the clinical progression of HIV infection are reviewed in detail, both preceding
and following treatment initiation.

Review
Throughout the clinically latent period

associated with Human Immunodeficiency
Virus (HIV) infection the virus continues to
actively replicate, usually resulting in
symptomatic illness [ 1 -3]. Highly variable
disease pro gression rates between
individuals are well-recognised, with
progression categorised as rapid, typical or
interme diate and late or long-term non-
progression [1,4]. The majority of infected
individuals (70–80%) experience
intermediate disease progression in which
they  have  HIVRNA  rise,  CD4+  T-cell
decline and development of AIDS-related

illnesses within 6–10 years of acquiring HIV.
Ten to 15% are rapid progressors who have a
fast CD4+ T-cell decline and occurrence of
AIDS-related events within a few years after
infection. The late progressors (5%), can
remain healthy without significant changes in
CD4 count or HIV-RNA for over 10 years
[4].

While Figure 1[5] demonstrates the
existence of a relation ship between high
plasma  HIV-RNA,  low  peripheral  CD4+  T-
cell count and rapidity of disease
progression, many of the determinants of this
variation in progression are only partially
understood. Knowledge of prognostic
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determinants is important to guide patient
management and treatment. Much research
has focussed on many different facets of HIV
pathogenesis and possible predictive factors,
covering immunological, virological and host
genetic aspects of disease. Current
therapeutic guidelines take many of these
into account but their individual sig nificance
warrants review [6].

Immunological factors
T-cell count and function
CD4+ T-cells
CD4+ T-cells are fundamental to the

development of specific immune responses to
infection, particularly intracellular pathogens.
As the primary target of HIV, their depletion
severely limits the host response capacity.
HIV largely infects activated cells, causing
the activated T-cells directed against the
virus to be at greatest risk of infection [ 7 ].
The ability of the immune system to mount a
specific response against HIV is a key factor
in the subsequent dis ease course [8]. Long-
term non-progressors appear to have better
lymphoproliferative responses to HIV-
specific anti gens than those with more rapid
progression [8].

The CD4+ T-cell count is the most
significant predictor of disease progression
and  survival  [  9  -15  ],  and  the  US
Department  of  Health  and  Human  Services
(DHHS) ART treatment guidelines
recommends treatment commencement be
based on CD4+ T-cell count in preference to
any other single marker [6]. Table 1 shows
the results of the CASCADE collaborationi

(see Appendix 1 for details) analysis of an
international cohort of 3226 ART-naïve
individuals with estimable dates of
seroconversion. Each CD4 count was
considered to hold predictive value for no
more than the subsequent 6 month period,
with individual patients contributing multiple
6 month periods of fol low up [10]. Lower
CD4 counts are associated with greater risk
of disease progression. CD4 counts from
350–500 cells/mm3 are associated with risks
of  ≤5%  across  all  age  and  HIV-RNA  strata,

while the risk of progression to AIDS
increases substantially at CD4 counts <350
cells/mm3, the greatest risk increase
occurring as CD4 counts fall below 200
cells/mm3. The risk of disease progression at
200 cells/mm3, the threshold for ART
initiation in resource-limited settings, is
generally double the risk at 350 cells/ mm3,
the treatment threshold in resource-rich
countries [ 10 ].

Figure 1. General pattern of the natural
history of HIV-RNA levels and CD4 counts
at three rates of disease progression [5]
(Repro-duced from Figure 1, HIV InSite
Knowledge Base, with per-mission).

Use  of  the  CD4  count  as  a  means  of
monitoring ART effi cacy is well established
[6,16]. In particular, measurement of the
early  response  in  the  first  six  months  of
therapy has strong predictive value for future
immunological progres sion [17 , 18 ].
Baseline CD4 count is predictive of virolog
ical  failure,  Van  Leth  et  al.  [19]  finding  a
statistically significant correlation between a
baseline CD4 count of <200 cell/mm3 and
HIV-RNA  >50  copies/mL  at  week  48  of
therapy. Figure 2 shows the importance of
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baseline CD4 count as a predictor of disease
progression; each stratum of CD4 count <200
cell/mm3 at time of HAART initiation being
associated with an increasingly worse
prognosis [ 20 ]. Immunological recovery is

largely dependent on baseline CD4 count and
thus the timing of ART initiation is important
in order to maximise the CD4+ T-cell
response to therapy [20 ].

Table 1. Predicted 6 month risk of AIDS according to age, current CD4+ cell count and viral
load, based on a Poisson regression model
Viral load (copies/mL) Predicted risk (%) at current CD4 count (× 106 cells/L)

Age 50 100 150 200 250 300 350 400 450 500

25 years
3000 6.8 3.7 2.3 1.6 1.1 0.8 0.6 0.5 0.4 0.3
10 000 9.6 5.3 3.4 2.3 1.6 1.2 0.9 0.7 0.5 0.4
30 000 13.3 7.4 4.7 3.2 2.2 1.6 1.2 0.9 0.7 0.6
100 000 18.6 10.6 6.7 4.6 3.2 2.4 1.8 1.4 1.1 0.8
300 000 25.1 14.5 9.3 6.3 4.5 3.3 2.5 1.9 1.5 1.2

35 years
3000 8.5 4.7 3.0 2.0 1.4 1.0 0.8 0.6 0.5 0.4
10 000 12.1 6.7 4.3 2.9 2.0 1.5 1.1 0.9 0.7 0.5
30 000 16.6 9.3 5.9 4.0 2.8 2.1 1.6 1.2 0.9 0.7
100 000 23.1 13.2 8.5 5.8 4.1 3.0 2.3 1.7 1.3 1.1
300 000 30.8 18.0 11.7 8.0 5.7 4.2 3.1 2.4 1.9 1.5

45 years
3000 10.7 5.9 3.7 2.5 1.8 1.3 1.0 0.7 0.6 0.5
10 000 15.1 8.5 5.4 3.6 2.6 1.9 1.4 1.1 0.8 0.7
30 000 20.6 11.7 7.5 5.1 3.6 2.6 2.0 1.5 1.2 0.9
100 000 28.4 16.5 10.6 7.3 5.2 3.8 2.9 2.2 1.7 1.3
300 000 37.4 22.4 14.6 10.1 7.2 5.3 4.0 3.1 2.4 1.9

55 years
3000 13.4 7.5 4.7 3.2 2.3 1.7 1.2 0.9 0.7 0.6
10 000 18.8 10.7 6.8 4.6 3.3 2.4 1.8 1.4 1.1 0.8
30 000 25.4 14.6 9.4 6.4 4.6 3.3 2.5 1.9 1.5 1.2
100 000 34.6 20.5 13.3 9.2 6.5 4.8 3.6 2.8 2.2 1.7
300 000 44.8 27.5 18.2 12.6 9.1 6.7 5.0 3.9 3.0 2.4
<2%, risk 2–9.9%, risk 10–19.9%, risk ≥20%
This table is reproduced from Table 4 in [10]
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It is important to note that within-
patient variability in CD4+ T-cell
quantification can occur and so care must be
taken to ensure measurements are
consistently performed by the same method
for each patient [9].

CD8 T-lymphocyte function
The influence of CD8+ T-lymphocyte

function on HIV disease progression is of
considerable interest as cytotoxic T-
lymphocytes  (CTLs)  are  the  main  effector
cells of the specific cellular immune
response. Activated by CD4+ T-helper cells,
anti-HIV specific CD8+ T-cells have a
crucial  role  to  play  in  the  control  of  viremia
[21], increasing in response to ongoing viral
replication [22]. Further, the diversity of
HIV-specific CTL responses correlates with
the control of viral replication and CD4
count, indicating the need for a response to a
broad range of antigens to achieve a
maximum effect [ 23 , 24]. Low absolute
numbers of HIV- specific CD8+ T-cells
correlate with poor survival outcomes in both
ART-naïve and experienced patients,
providing additional evidence for the
significance of the CTL response [ 23, 25 ,
26].

Immune activation
Chronic immune activation is a

characteristic of HIV disease progression.
Immune-activation-driven apoptosis of
CD4+ cells, more than a direct virological
pathogenic effect, is responsible for the
decline in CD4+ T-lym phocytes seen in HIV
infection [27]. HIV triggers polyclo nal B
cell activation, increased T cell turnover,
production of proinflammatory cytokines and
increased numbers of activated T cells [28].
CD4+ T cells that express activation markers
such as CD69, CD25, and MHC class II are a
prime target for HIV infection and a source
of active HIV replication. Increased numbers
of these activated T cells correlate with HIV
disease progression [29-31]. Another
important surface marker of cell activation is
CD38. In HIV negative individuals, CD38 is
expressed in relatively greater numbers by

naïve lymphocytes, while in HIV infection,
memory T-cells, particularly CD8+ memory
T-cells,  express  the  largest  quantities  of
CD38 [ 32, 33 ]. CD8+CD38+T-cell levels
correlate strongly with HIV-RNA levels,
decreasing with ART-induced virological
suppression and increasing with transient
viremia, suggesting that continuously high
levels of CD38+ cells may be an indica tor of
ongoing viral replication [32-35]. Indeed,
HIV rep lication has been nominated the
main driving force behind CD8+ T-cell
activation  [32  ,  33].  Similar  to  the  sta
bilization of HIV-RNA levels following
initial infection, an immune activation "set
point" has also been described and shown to
have prognostic value [36].

Kaplan Meier plots of the probability of progression
ow
Figure 2. Kaplan  Meier  plots  of  the
probability  of  progression  to  AIDS  or  death
according to baseline CD4 count [20]
(reproduced with permission).

Despite the strength of the relationship
with HIV-RNA, the search for a clear
association between CD8+ T-cell activation
and CD4 count has resulted in conflicting
findings  [  32  ,  33,  35  ,  37  ].  In  contrast,
CD4+ T-cell activation has a considerable
influence on CD4+ T-cell decline [27,34,35].
One prospective study of 102 seroconverters
has found that CD8+CD38+ proportions lose
their prognostic significance over time and
only elevated CD4+CD38+ percentage is
associated  with  clinical  deterioration  at  5
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years follow up [ 27]. The clinical value of
monitoring CD38 expression is yet to be
clarified, however, there is no doubt that
disease progression is related to both CD4+
and CD8+ T-cell activation as indicated by
expression of CD38.

A switch from T-Helper Type 1 (TH1)
to T-Helper Type 2 (TH2) cytokine response
is seen in HIV-related immune dysfunction
and is associated with HIV disease progres-
sion. TH1 cytokines such as interleukin (IL)-
2, IL-12, IL18 and interferon-γ promote
strong cellular responses and early HIV
viremic control while TH2 cytokines,
predominantly modulated by IL-1β, IL-4, IL-
6, IL-10 and tumor necrosis factor-α (TNF-
α), promote HIV viral replication and
dampen cellular response to HIV [8, 38 ].
HIV-positive individuals have high plasma
IL-10 levels, reduced production of IL-12
and poor proliferation of IL-2 producing
CD4+ central memory T-cells [30,39,40].
Levels of pro- inflammatory cytokines such
as TNF-αare also increased, causing CD8+
T-cell apoptosis [1,40].

Soluble markers of immunological
activity have been the focus of many studies
over the years in the hope that they will show
utility as prognostic indicators.
Unfortunately, the product of these
endeavours is a large number of studies with
apparently conflicting results, some studies
linking elevated levels of these markers with
more rapid disease progression [41-46], and
others finding no corre lation [ 46 -48 ].
Factors investigated include neopterin [41
43, 45 , 46, 48 ], β2-microglobulin [42 , 46-
48], tumour necrosis factor type II receptor
[41,46], tumour necrosis factor receptor 75
[45], endogenous interferon [43] and tumour
necrosis factor-α [25]. The lack of specificity
of these markers for HIV infection appears to
curtail their utility. Current treatment
guidelines make no mention of their use for
either disease or therapeutic monitoring [ 6,
49 ,  50].  As the immune response to HIV is
clarified  with  further  research,  the  utility  of

monitoring these immune modulators may
become more apparent.

Virological factors
HIV-RNA
The value of HIV-RNA quantification

as a prognostic marker has long been
established [6,51,52]. An approxi mately
inverse relationship to the CD4+ T-cell count
and survival time has been observed in
around 80% of patients [53,54]. Higher HIV-
RNA levels are associated with more rapid
decline of CD4+ T-cells, assisting prediction
of the rate of CD4 count decline and disease
progression. However, once the CD4 count is
very low (<50–100 cells/mm3), the disease
progression risk is so great that HIV-RNA
levels add little prognostic information
[25,54 56]. The correlation between CD4
count and disease pro gression seen clearly in
Table  1  has  already  been  described  [  10  ].
Further highlighting the risk of AIDS in
those with CD4 counts of 200–350 cell/mm3

(the current threshold for ART initiation), a
four-fold risk increase can be seen between
those with a HIV-RNA of 3000 copies/mL
and those with ≥300 000 copies/mL, even
within the same age bracket. Additionally,
there is a considerable increase in risk of
disease  progression  in  those  with  HIV-RNA
>100 000 copies/mL across all age and CD4
strata.

Higher baseline HIV-RNA levels in
early infection have been associated with
faster CD4+ T-cell decline over the first two
years of infection [15 , 57]. Research has
suggested that HIV-RNA levels at later time
points are better indicators of long term
disease  progression  than  levels  at
seroconversion, with the viral load reaching a
stable mean or 'set point' around one year
after infection [4,12,52,58,59]. Indicative of
the efficiency of immunological control of
viral replication, this set point is strongly
associated with the rate of disease
progression as can be inferred from Figure 1
[ 1 , 52, 59 - 62 ]. Desquilbet et al. [63]
studied the effect of early ART on the
virological set point by starting treatment
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during Primary HIV Infection (PHI) and then
ceasing it soon after. They found the
virological set point was mainly determined
by pre-treatment viral load, early treatment
having minimal reducing effect.

Treatment response has been strongly
linked to the base line HIV-RNA level; Van
Leth et al. [19] finding that patients with a
HIV-RNA >100 000 copies/mL were almost
1.5 times more likely to experience
virological failure (HIV-RNA >50
copies/mL) after 48 weeks of treatment than
those with HIV-RNA <100 000 copies/mL.

An analysis of a subgroup (6814
participants) of the EuroSIDA study cohort
verified that clinical outcome correlates
strongly with most recent CD4+ T-cell or
HIV RNA level, regardless of ART regimen
used. In particular, it is worth noting that
those with CD4 count ≤350 cells/mm3 were
at increased risk of AIDS or death than
higher CD4 counts (rate ratio ≥3.39 vs
≤1.57), while the risk of these outcomes was
substantially lower at HIV-RNA <500
copies/mL compared to >50 000 copies/mL
(rate ratio 0.22 vs 0.61) [ 64]. These findings
support the continued use of HIV-RNA and
CD4 count as markers of disease progres sion
on any HAART regimen [6,51,65].

There is no doubt that monitoring viral
load is critical to assessing the efficacy of
ART [65 -68]. Findings from mul tiple
studies reinforce the association between
greater virological suppression and sustained
virological response to ART [6,50].
Guidelines define virological fail ure as
either a failure to achieve an undetectable
HIV-RNA (<50 copies/mL) after 6 months or
a sustained HIV-RNA >50 copies/mL or
>400 copies/mL following suppression
below this level [6]. A greater than threefold
increase in viral load has been associated
with increased risk of clinical deterioration
and so this value is recommended to guide
therapeutic regimen change in the developed
world [ 69 , 70]. Several studies have shown
a significant correla tion between HIV-RNA
>10 000 copies/mL and increased mortality

and morbidity, and therapeutic switching
should occur prior to this point [49]. The
World Health Organisation recommends that
this level be considered the definition of
virological failure in resource limited set
tings [49].

Some patients experience intermittent
episodes of low-level viremia followed by re-
suppression below detectable levels, known
as "blips". A very detailed study by Nettles et
al. [71] defined a typical blip as lasting about
2.5 days, of low magnitude (79 copies/ml)
and requiring no change in therapy to return
to  <50  copies/ml.  Havlir  et  al.  [  72  ]  and
Martinez et al. [73] demonstrated that there
was no association between intermittent low-
level viremia and virological failure.
Intermittent viremia does not appear to be a
significant risk factor for disease progression.
Nevertheless, it must be distinguished from
true virological failure, which is consistently
elevated HIVRNA, as defined above.
Continued follow up is essential.

Even in patients achieving apparently
undetectable HIVRNA levels, the HIV virus
persists  through  the  infection  of  memory  T-
cells  [  74,  75  ].  This  'viral  reservoir'  has  an
extremely long half life and remains
remarkably stable even in prolonged
virological suppression [ 74 , 76, 77 ].
Responsible for the failure of ART to
eradicate infection, regardless of therapy
efficacy, it may also contribute to the 'blips'
described above [ 76 ]. Like intermittent
viremia, its effect on disease progression
appears trivial, being mainly of therapeutic
importance [ 78, 79 ]. However, as the long-
term clinical outcomes of viral resistance and
sub-detection viral replication become
clearer, its significance may increase [ 15].

Resistance mutations
Drug resistance is a strong predictor of

virological failure after HAART, with a clear
relationship seen between the number of
mutations and virological outcome [56,80
84]. Hence maximal suppression of viral
replication, with the parallel effect of
preventing the development of resistance, is
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essential to optimise both response to
treatment and improvement in disease
progression [ 85, 86 ].

The transmission of resistant virus is  a
serious reality, with implications for the
efficacy of initial regimens in ART naïve
patients. Prevalence of resistance mutations
amongst seroconverters varies according to
geographic location, with inter-country
prevalence varying from 3– 26%. This
reinforces the need to gain local data,
especially as resistance increases with
increasing  HAART  use  [  87].  In  the  USA,
the prevalence of primary (transmitted)
resistance was 24.1% in 2003–2004, an
almost two-fold increase from the 13.2%
prevalence recorded in 1995– 1998 [88 ].
European prevalence for 2001–2002 was
10.4%, which, although lower than the US
figures, remains quite high [86,87]. Pre-
treatment resistance test ing has been shown
to reduce the risk of virological failure in
patients with primary drug resistance [6,50].
The DHHS guidelines suggest that pre-
treatment resistance testing in ART naïve
patients may be considered if the risk of
resistance is high (ie: population prevalence
≥5%) while the British HIV Association
(BHIVA) recommends testing for transmitted
resistance in all newly diagnosed patients and
prior to initiating ART in chronically
infected patients [ 49 ]. In resource-limited
settings, resistance testing may not be readily
available; however, in such locations,
primary resistance is likely to be rare, and
need for pre-treat ment resistance testing is
lower  [89].  An  exception  to  this  rule  is  the
case of child-bearing women who have
received intrapartum nevirapine, in whom
poorer virological responses to post-partum
nevirapine based regimens have been seen
(49% vs 68% achieved HIV-RNA <50
copies/ mL at 6 months) [49,89]. Regardless
of the setting, there is a need for surveillance
of local drug resistance prevalence [ 1 , 2 ,
90].

Chemokine receptor tropism
CCR5 and CXCR4 chemokine

receptors act as co-receptors for HIV virions.
Proportionately greater tropism for one or the
other of these receptors has been associated
with different rates of disease progression.
Slowly progressing phases of infection are
associated with predominance of the "R5
virus strains" that ligate the CCR5 receptor,
mainly present on activated immune cell
surfaces (including macrophages). "X4
strains" showing tropism for CXCR4,
expressed by naïve or resting T-cells, and
dual-tropic R5X4 strains, increase
proportionately in the later stages of disease
and are associated with more rapid clini cal
and immunological deterioration [1,2,90].
'X4' strains have been associated with greater
immune activation, suggesting a possible
mechanism for their effects on disease
progression [27]. Patients with
predominantly X4 strains have been found to
have lower CD4 counts, but correla tions
with viral load have been inconsistent [90 -92
]. Some host genetic phenotypes namely
CCR5-∆32 and SDF-1'A, affect R5 strain
binding and are associated with delayed
disease progression [93 -95 ].

It is evident that even under effective
HAART suppression [ 96 ], the predominant
viral strain can change from R5 to X4
[90,92,97]. Additionally, about 50% of triple
therapy experienced patients have been found
to harbour X4 strains, a far greater proportion
than  the  18.2%  seen  in  an  ART  naïve
population [98]. The evidence for a
difference in survival between those on
HAART  with  X4  strains  and  those  with  R5
strains is difficult to interpret. Brumme et al.
[ 98 ] suggested that a group of patients with
the 11/25 envelope sequence (a highly
specific predictor of the presence of X4
strains) had higher mortality and poorer
immunological response to HAART despite
similar virological responses to those without
the 11/25 sequence. In contrast, a later study
indicated  that  after  adjustment  for  baseline
characteristics, X4 strains were not
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associated with a difference in survival or
response to HAART [99 ]. As can be seen,
the effects of chemokine receptor tropism
remain controversial and as yet, there is no
clear evidence that monitoring or measuring
these parameters will be useful clinically.

Viral subtype and race
Complicating the assessment of the

effect of viral subtype on disease progression
are the potential confounders such as race,
prevalence of various opportunistic
infections and access to health care. Subtype
C  affects  50%  of  people  with  HIV  and  is
seen mostly in Southern and Eastern Africa,
India and China. Subtype D is found in East
Africa and Subtype CRF_01 AE is seen
mainly in Thailand. Caucasians are
predominantly infected by subtype B, seen in
12% of the global HIV infected population
[99]. The majority of research on all aspects
of HIV has been performed amongst subtype
B-affected individuals. The implications for
treatment practice are obvious should
differences in viral pathogenicity or disease
progression  exist  between  subtypes  [  99  ,
100 ].

Rangsin et al. [100] noted median
survival times in young Thai men (Type E
97%) of only 7.4 years, significantly shorter
than the 11.0 years reported by the mainly
Caucasian CASCADE cohort (Type B ≥
50%). Hu et al. [101] found differences in
early viral load between those with Type E (n
= 103) when compared to Type B (n = 27) in
Thai injecting drug users. Kaleebu et al.
[102] studied a large cohort in Uganda,
providing the strongest evidence for a
difference in survival between A and D
subtypes. However, analysis of a small
cohort in Sweden reported no difference in
survival rates between subtypes A-D [ 103 ].
Only Rangsin et al. [100] and Hu et al. [101]
stud ied cohorts with estimable
seroconversion dates.

It is difficult to control for the multiple
potential confounding factors in research
measuring the influence of subtype on
disease progression. Geretti [99] remarked

that the evidence for survival and disease
progression rate differences between
subtypes is currently inadequate to draw any
definitive conclusions. Ongoing research is
essential not only to determine the effect of
subtype  on  disease  progression  but  also  to
evaluate response to therapy.

Many of the confounding factors
affecting subtype investigation also confound
research into the effect of race on disease
progression. Studies with clinical endpoints
have found no significant relationship
between race and disease progression [ 104 ,
105 ], while another study of clinical
response to HAART suggested disease
progression appears to correlate more
strongly with other factors (eg: depression,
drug toxicity) than with race per se [106]. In
support  of  this,  data  from  the  TAHOD
databaseii (see Appendix 1 for details)
suggests that responses to HAART among
Asians are comparable to those seen in other
races [ 11 ]. Evidence for racial variation in
viral loads and CD4 counts has not been
consistent and confounders have been
difficult to exclude [107-109]. Morgan et al.
[110] reported a median survival time of 9.8
years amongst HIV infected Ugandans which
does not differ greatly from the 11.0 years
reported by the mainly Caucasian
CASCADE cohort. Race as an independent
factor  does  not  appear  to  play  a  part  in  the
rate of disease progression independently of
confounders such as psychosocial factors,
access to care and genetically driven
response to therapy.

Host genetics
An understanding of the effect of host

genetics on disease susceptibility and
progression has significant implications for
the development of therapies and vaccines
[95]. Host genetics impact HIV infection at
two main points: (i) cell-virion fusion,
mediated primarily by the chemokine
receptors CXCR4 and CCR5 and their
natural ligands, and (ii) the host immune
response, mediated by Human Leukocyte
Antigen (HLA) molecules [ 95, 111 ].
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Polymorphisms of the genes
controlling these two pathways have been
extensively studied and multiple genetic
alleles that have been found to correlate with
either delayed or accelerated disease
progression [95,111,112].

HLA molecules provide the mechanism
by which the immune system generates a
specific response to a pathogen. As has been
described earlier, the diversity of HIV-
specific immune responses plays a crucial
role in containment of the virus and it is HLA
molecules that control that diversity. Thus,
HLA polymorphisms should affect disease
progression.  Investigation  of  the  effect  of
specific alleles has found that heterozygosity
of  any  MHC Class  I  HLA alleles  appears  to
delay progression, while rapid progression
has been associated with some alleles in
particular, for example, HLA-B35 and Cω
4[95 ]. The HLA-B57 allele, present in 11%
of the US population and around 10% of
HIV-positive individuals, has been linked to
long-term non-progression, a lower viral set-
point  and  fewer  symp  toms  of  primary  HIV
infection [95,112].

In  addition  to  the  effect  of  genetic
polymorphisms on the natural history of
infection, host genetic profile can influ ence
the  response  to  HAART [113].  In  Australia,
the pres ence of the HLA-B5701 allele
accounts for nearly 90% of patients with
abacavir hypersensitivity. Drug clearance
also varies significantly between racial
groups due to genetic variations in CYP
enzyme isoforms [114]. For example,
polymorphisms of CYP2B6 occurring more
frequently in people of African origin are
associated with three-fold greater plasma
efavirenz concentrations, leading to a greater
incidence of central nervous system toxic ity
amongst this group [115]. Potential outcomes
of such phenomena include treatment
discontinuation in the case of toxicity or
hypersensitivity and drug resistance when
medications are ceased simultaneously
causing mono-therapy of the drug with the
prolonged half life [ 114 ]. Genetic screening

in order to guide choice of therapy is already
underway in Australia for HLA-B57 alleles
related to abacavir hypersensitivity [114].
Studies of host genetics appear likely to
significantly influence the clinical
management of HIV in the future.

Other host factors
Studies of many of these factors

usually assume equality of access to care for
members of the study population. A survey
of people living with AIDS in New York city
found that female gender, older age, non-
Caucasian race and transmission via injecting
drug use or heterosexual intercourse were all
associated with significantly higher
mortality. This most likely reflects the poorer
access to health care and other sociological
disparities experienced by these groups
[116].

Age
Age at seroconversion has repeatedly

been found to have considerable impact on
the future progression of disease. Concurring
with  earlier  studies,  the  CASCADE
collaboration [ 62 ] found a considerable age
effect  correlating  with  CD4  count  and  HIV-
RNA, across all exposure categories, CD4
count  and  HIV-RNA strata  in  an  analysis  of
multiple international seroconversion
cohorts, reinforcing these findings again
recently [10,117,118]. Table 1 clearly dem
onstrates the importance of stratification by
age, CD4 count and HIV-RNA as predictive
of  the  short  term  risk  of  AIDS.  There  is  a
clear relationship between increasing risk
with increasing age. For example, a 25 year
old with a CD4 count of 200 and HIV-RNA
level of 3000 has one third the risk of disease
progression when compared to a 55 year old.
This raises the issue of whether or not older
patients should be treated at higher CD4+ T-
cell counts [10].

Older age is associated with lower CD4
counts at similar time from seroconversion
which may explain the relation ship between
age and disease progression [57,119]. How
ever,  age  disparities  seem  to  diminish  with
HAART treatment; CD4 counts and HIV-
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RNA levels becoming more useful
prognostic indicators [119]. It appears that
the age effect seen on HAART treatment is
closer to the natural effect of aging rather
than the pre-treatment, HIV-related increase
in mortality, suggesting that HAART
attenuates the effect of age at seroconversion
on HIV dis ease progression [120].

Gender
Mean HIV-RNA has been found to

vary between men and women for given CD4
count strata [107,121-123]. Low levels of
CD4+ T-cells (<50 cells/mm3) are associated
with higher mean HIV-RNA in women (of
the order of 1.3 log10copies/mL) than in men
within the same CD4 count stratum.
Conversely, at higher CD4+ T-cell levels
(>350 cells/mm3), mean HIV-RNA has been
noted to be 0.2–0.5 log10 copies/mL lower in
women [124]. Despite HIV-RNA variation,
disease progression has not been seen to
differ between the genders for given CD4
counts [121,124,125]. On this basis, the
current DHHS Guidelines for the use of
Antiretroviral Drugs in HIV-1 Infected
Adults and Adolescents state that there is no
need for sex-specific treatment guidelines for
the initiation of treatment given that
antiretroviral therapy initiation is guided
primarily by CD4 count [ 6 ].

Mode of transmission
Comparing disease progression rates

between transmission risk groups has led to
conflicting findings. An early study found
significantly faster progression amongst
homosexuals than heterosexuals [ 126 ].
However, more recent studies analysing
much larger cohorts reported no difference in
disease progression rates following
adjustment for age and exclusion of Kaposi's
sarcoma as an AIDS defining illness
[62,127,128]. Prins et al. [127] noted that
injecting drug users have a very high other-
cause mortality rate that could confound
results failing to take this into account.

The CASCADE collaboration [120]
examined the change in morbidity and
mortality between the pre- and post-HAART

periods. They found a reduction in mortality
in the post-HAART era amongst homosexual
and heterosexual risk groups but no such
change in injecting drug users. This
apparently higher risk of death than other
groups may be related to poor therapy
adherence, less access to HAART and the
higher rate of co-morbid illnesses such as
Hepatitis C. Other factors may have a larger
role to play in clinical deterioration than the
mode of transmission.

Psychosocial factors
Understanding the interaction between

physical and psychosocial factors in disease
progression is important to maximise holistic
care for the patient. Several studies have
found significant relationships between
poorer clinical outcome and lack of
satisfaction with social support, stressful life
events, depression and denial-based coping
strategies [129 -132]. Other studies have
found strong cor relations between poorer
adherence to therapy and depression,
singleness and homelessness [106 , 133 ].
Patient management should include
consideration of the psychosocial context and
aim to provide assistance in problem areas.

Resource limited settings
The three elements of host,

immunological and virological factors
obviously synergise to influence the
progression of HIV infection, however, a few
additional factors may hold prognostic value.
While CD4 count and HIV RNA are the gold
standard markers for disease monitoring,
when measurement of these parameters is not
possible surrogate markers become
important. Markers investigated for their
utility as simple markers for disease
progression in resource-limited settings
include delayed type hypersensitivity
responses (DTH), total lymphocyte count
(TLC), haemoglobin and body mass index
(BMI).

Delayed type hypersensitivity
Mediated by CD4+ T-lymphocytes,

DTH-type responses give an indication of
CD4+ T-cell function in vivo. It has been
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shown that DTH responses decline in parallel
with  CD4+  T-cells  resulting  in  a
corresponding increase in mortality [ 134,
135 ]. Failure to respond to a given number
of antigens has been suggested as a marker
for the initiation of ART in resource-limited
settings [135,136].

Improved DTH responses have been
noted  with  ART,  although  the  degree  of
improvement appears dependent on the
CD4+ nadir prior to HAART initiation [137-
139]. This holds implications for the timing
of  initiation  of  treatment,  as  delayed
treatment and hence low nadir CD4 counts
may cause long-term immune deficits [139].
There is a need for further research in
resource-limited settings to determine the
utility of DTH testing as both a marker for
HAART initiation and a means of monitoring
its efficacy.

Total lymphocyte count
Another marker available in resource-

limited countries, total lymphocyte count
(TLC),  has  been  investigated  as  an
alternative  to  CD4+  T-cell  count.  Current
WHO guidelines recommend using 1200
cells/mm3 or below as a substitute marker for
ART initiation in symptomatic patients [
140]. Evidence for the predictive worth of
this TLC level is encouraging, with several
large studies confirming the significant
association between a TLC of <1200
cells/mm3 and subsequent disease
progression or mortality [ 135, 141 , 142 ].
Others propose that rate of TLC decline
should be used in disease monitoring as a
rapid decline (33% per year) precedes the
onset of AIDS by 1–2 years [ 142, 143 ].
Disappointingly, there is generally a poor
correlation between TLC and CD4 count at
specific given values.

While TLC measurement has been
validated as a means of monitoring disease
progression in ART-naïve patients, its use for
therapeutic monitoring is questionable and
not recommended [49,144-146].

Body mass index
The body mass index (BMI) is a simple

and commonly used measure of nutritional
status. Its relationship to survival in HIV
infection is important for two main reasons.
Firstly, 'wasting syndrome' (>10%
involuntary weight loss in conjunction with
chronic diarrhoea and weakness, +/fever) is
considered an AIDS defining illness
according  to  the  CDC  classification  of
disease [1]. Secondly, the ease of
measurement of this parameter makes it
potentially highly useful as a marker for the
initiation of ART in resource limited
countries.

Like TLC, long-term monitoring of
BMI  is  predictive  of  disease  progression.  A
rapid decline has been noted in the 6 months
preceding AIDS although the sensitivity of
this measure was only 33% [145,146]. A
baseline BMI of <20.3 kg/m2 for men and
<18.5 kg/m2 for women is predictive of
increased mortality, even in racially diverse
cohorts, with a BMI of 17–18 kg/m2 and <16
kg/m2 being associated with a 2-fold and 5-
fold risk of AIDS respectively [ 147 -149 ].

In combination with other simple
markers such as haemoglobin, clinical
staging and TLC, a BMI <18.5 kg/m2 shows
similar  utility  to  CD4  count  and  HIV-RNA
based guidelines for the initiation of HAART
[150 , 151 ]. A sustained BMI <17 kg/m2 6
months after HAART initiation has been
associated with a two-fold increase in risk of
death [ 152 ].

As  can  be  seen,  measurement  of  the
body  mass  index  is  a  simple  and  useful
predictor of disease progression. A BMI of
<18.5 kg/m2 was consistently strongly
associated with increased risk of disease
progression and may prove to be a valuable
indicator of the need for HAART.

Haemoglobin
Haemoglobin levels reflect rapidity of

disease progression rates and independently
predict prognosis across demographically
diverse cohorts [ 151 , 153]. Rates of haemo
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globin decrease also correlate with falling
CD4 counts [ 135, 141 ].

There have been suggestions that
increases in haemoglobin are predictive of
treatment  success  when  combined  with  a
TLC increase [ 143 ]. While racial variation
in normal haemoglobin ranges and the side
effects  of  antiretroviral  agents  such  as
zidovudine on the HIV infected bone marrow
must be taken into account [144], monitoring
haemoglobin levels shows utility in
predicting disease progression both before
and following HAART initiation.

Conclusion
The evolution of HIV infection from

the fusion of the first virion with a CD4+ T-
cell to AIDS and death is influenced by a
multitude of interacting factors. However, in
gaining an understanding of the prognostic
significance of just a few of these elements it
may be possible to improve the management
and long-term outcome for individuals. Host
factors, although unalterable, remain
important in considering the prognosis of the
patient and guiding therapeutic regimens.
Furthermore, research into host-virus
interactions has great potential to enhance the
development of new therapeutic strategies.

Immunological parameters such as
levels of CD38 expression and the diversity
of HIV-specific cytotoxic lymphocyte
responses allow insight into the levels of
autologous control of the virus. Virological
monitoring, including drug resistance
surveillance,  will  continue  to  play  a
considerable role in the management of HIV
infection. Additionally, as access to
antiretroviral therapy improves around the
world, the utility of, and need for, low-cost
readily available markers of disease is
evident. As with any illness of such
magnitude, it is clear that a multitude of
factors must be taken into account in order to
ensure optimum quality of life and treatment
results.
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Appendix I
i The "Concerted Action of

Seroconversion to AIDS and Death in
Europe" (CASCADE) collaboration includes
cohorts in France, Germany, Italy, Spain,
Greece, Netherlands, Denmark, Norway, UK,
Switzerland, Australia and Canada

ii The "TREAT Asia HIV Observational
Database" (TAHOD) database contains
observational information collected from 11
sites in the Asia-Pacific region,
encompassing groups from Australia, India,
the Philippines, Malaysia, China, Singapore
and Thailand.
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NEW PROSPECTS FOR THE THERAPY OF THE PATIENTS WITH
DISSEMINATED MAMMARY CARCINOMA

Lokhov R. Ye.

Research Institute of Biochemical Engineering of Cell, Vladikavkaz, Russia

We proved 50% antitumorigenic activity of RL-175 preparation in 40 patients with disseminated
breast cancer, when modern physical-chemical therapy had failed or when the patients had been
rejected treatment in view of their high resistance. In monotherapy RL-175 surpasses cytostatic
agents known in literature both itself and in combination with the other agents. The RL-175 effect
appears to be mediated by the increase in DNA reparation mechanisms and the activation of
genetic mechanisms of apoptosis program, as well as the enhancement of cell genes transcription
control.
In oncology the prospects of RL-175 as the means of last hope is accounted for not only dramatic
tumor regression, when taken by the patients with advanced breast cancer (50% and more), but
also concomitant 90% relief of pain syndrome, extremely low toxicity, and high efficacy in the
prophylaxis of this severe disease.

Introduction
It seems that cell malignancy, in human

breast, in particular, is caused by multiple
factors such as hereditary mutations, damage
of different genes BRCA1, BRCA2, mts1,
CYP19, polymorphism of steroidogenesis
genes and the other damage of genome still
unknown [1-4]. For example, the experiment
proved an important role of an mts1
truncated gene deprived of a segment of 450
nucleotides in the progress of breast cancer.
CYP19 aromataze gene, which is localized
on the long arm of the 15th chromosome,
involves several non-complied variants of
exon I into expression. Due to the existence
of multiple promotors of CYP19 gene
transcription and depending on their
disposition across each variant of exon I and
II, the structure of the transcript is
characterized by the tissue specificity.

However, in spite of considerable
progress in molecular-genetic methods of the
analysis of nucleotide sequences of DNA and
RNA,  the  exponential  growth  of  data  on
mutations at the stage of replacement or
deletion of nucleotides, the structure of
chromosomes and other biological systems,
morbidity and mortality rate after breast
cancer in the world tends to grow [5,6]. Such
situation in oncology has developed due to

the absence of a reliable strategy of search of
effective drugs for the treatment of patients
with disseminated mammary carcinoma.

By now, capecitabin, docetaxcel,
doxorubicin, paclitaxcel, vinblastin, and other
agents have demonstrated the most significant
effect (> or = 50%) on the regression of
disseminated mammary carcinoma in
monotherapy. A large number of cytostatic
agents make an impertial effect of less
50% (5-phtoruracilum, cyclophosphamide,
metoxantron, methotrexatum,
thiophosphamidum, vinblastin, vincristine,
chlorbutinum) [7]. The basis of any
chemotherapy program for disseminated
mammary carcinoma is the combination of
cytostatic agents. One of the most effective
combinations is docetaxcel, 5-phtoruracilum,
cyclophosphamide, methotrexatum,
doxorubicin, and paclitaxcel.

The effect of the above combination of
cytostatic agents during the first stage of
chemotherapy is 50% and more in patients with
disseminated mammary carcinoma. However,
only 5 to 10% patients demonstrate total tumor
involution. During the third and the later stages
of the process the total therapeutic effect
(system response) doesn’t exceed 10 to 15%. [7]
During the later stages the effect of the
mentioned cytostatic agents falls to zero level of
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the objective response. Patients with remote
metastases of T3-4  N1M0 and T3-4  N1M1-3 stages
appear to have irreversible morphologic and
metabolic changes.  This patient population
with an early fatal prognosis lacks reliable
strategy of both improving survival in
general and restoration of acceptable quality
of life. For the majority of these patients
recurrence therapy is an extremely
complicated problem, since their reserves
have already been exhausted at the stage of
primary treatment.

In  this  article  we  submit  the  results  of
clinical tests of a new generation anticancer
agent RL-175 in 32 volunteers with fatal
disseminated breast cancer of T3-4N1M0 and T3-

4N1M1-3 stages. By the authority of the
Ministry  of  Public  Health  of  Russia  № 10-
13, October 27, 1991, patients who had
previously undergone a complete course of
conventional physicochemical therapy, were
included in the study. In these patients
standard treatment was not only inefficient,
but provoked metastasis processes. Eight
other patients of different age took part in the
drug test. They had breast cancer of stages III
and IV detected for the first time and showing
quick progress.

Patients and Methods
40 hopeless patients of aged 30 to 61

years old (average 38) with disseminated
breast cancer underwent treatment with RL-
175 within the period of 1988 to 2000. 32 of
them had undergone complete courses of up-
to-date therapy (surgery, radiation therapy,
hormonal therapy and chemotherapy) in
different specialized clinics and centers in the
USSR and Russia.

The patients were divided into 4 groups
depending on the peculiarities of the clinical
pattern. Group I included 4 patients aged 30
to 45 years in pre-menopausal period and 4
elderly patients (45 to 61 years) in a deep
menopause and breast cancer of stages III and
IV detected for the first time and growing
progressively worse very quickly. These
patients refused to undergo the conventional
chemotherapy or gamma-ray teletherapy,

neither mastectomy because of high
resistance to the previous treatment. 32
patients with disseminated breast cancer of
T3-4  N1M0 and T3-4  N1M1-3 stages took part in
the study of groups II-IV. In these patients
the conventional radiation, hormonal and
chemotherapy turned to be unsuccessful.
These groups of patients had metastases
found in soft tissues, lymph nodes, and
bones, especially thoracic and lumbar
vertebrae.

The following factors served as the
inclusion criteria: voluntary consent of a
patient to sustain treatment, strict verification
of the diagnosis, objective assessment of the
patient’s status, extremely low effectiveness
of  the  conventional  cytostatic  agents.  Also,
the  ethic  norms  and  claims  made  to  the
adaptive immunotherapy of cancer
(Rosenberg [8]), as well as the standards
worked  out  by  the  Helsinki  Declaration  of
1975 (revised in 1983 and 2000) were taken
into account. Patients who died before the
end of the complete course of treatment and
patients with irreversible associated
pathology were excluded from the study.

The objective factors testifying to the
beneficial antitumor effect of RL-175 as of
the only treatment of the last line of
chemotherapy were: a 50% regression of
tumor and metastases; an average three-year
recurrence-free life span; almost complete
relief of pain syndrome; and rehabilitation of
subjective and objective parameters and life
quality. Before treatment almost all patients
had suffered severe or very severe pain (the
third step of the analgesic ladder) and for this
reason they were given intramuscular
injections of opiates (omnoponim, morphini
hydrochloridum) 2 to 4 times a day. The life
quality was assessed by the relief of pain
syndrome, day activity, duration of night
sleep and so on.

RL-175 was synthesized by the author
of this paper. We conducted the pre-clinical
trial  of  RL-175  at  the  Oncologic  Scientific
Center of the Academy of Medical Sciences
of Russia (Moscow) and other academic
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centers in Russia. Physicochemical and
biological properties of the preparation are
described in the works by Lokhov [9-13].
The drug showed low carcinogenic and
mutagenic activity in experimental models
(rats and mice). LD16 for RL-175 constituted
1200 mg per 100 g of the body weight when
introduced per orally.

All the patients were given RL-175
daily per orally in the dose of 20 mg per 2 ml
of 30% alcohol for 30 days (the first course).
The second course was performed after a
five-day interval. The duration of the third
course depended on the objective and
subjective status of the patient. Anti-tumor
effect of RL-175 in groups 1-4 is shown in
tables I-IV.

Results
40 patients with disseminated breast

cancer were divided into 4 groups depending
on the peculiarities of the clinical course. The
protocols of treatment with only RL-175 are
shown for each group. The efficacy of the
drug in patients with disseminated breast
cancer was  > or = 50%.

Group I. Patient  B (b.  1959)  fell  ill  at
the age of 32. Histological and
mammographic diagnosis was breast cancer,
nodose form of T3N1M0 stage. The tumorous
focus with radial outline on the mammogram
of 20 May 1992 (Figure  1) was a centrally
located node of homogeneous density of 4.0
x  7.0  cm and  of  irregular  round shape.   The
metastases were discovered in only one
axillary lymph node.

Figure 1. Patient B. Mammogram: a centrally located node of homogeneous density
of 4.0 x 7.0 cm, irregular round shape, and indistinct outline. In three months tumor
regression to 3.0 x 2.0 cm (78.6%) was registered.

This patient refused from
chemotherapy, gamma-ray teletherapy, or
mastectomy. She only underwent a thirty-day
course of monotherapy with a total dose 0.4g
of  Rl-175.  The  comparison  of  the
mammograms made before treatment on 20
May 1992 and after treatment on 20 Aug
1992 showed that the size of the intensive
shadow in the central parts of the tumorous
focus with radial outline (due to the skin
thickening) decreased to 3.0 x 2.0 cm (>

70%). The individual status of the patient
improved considerably. The anesthetic effect
predominated in all 8 patients of this group
on day 10. As a result, these patients refused
from taking non-steroid analgesics. The
duration of the night sleep and the day
activity increased evidently. The second
biopsy №027927 was taken on 18 Sept 1992.
Two  clusters  of  epithelial  cells  with  a
dramatic fat degeneration proved to reveal
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the presence of the complexes of medullar
carcinoma.

According to the data of Bernstein et al
[4], tumor regression of similar localization
has been controlled by glucocorticoids.
Hence, the mono-regime effect of RL-175
seems to be affected by age-related changes
of  sensitivity  of  adenohypophysis.  In  fact,  4
elderly patients of this group (45 to 61 years)
with a deep menopause did not appear to
show any clinical effect even after 3 courses
of treatment.

Group II. Patient P (b. 1951) was
under medical observation at the regional
narcological dispensary in Vladivostok from
20 Aug 1993 for disseminated breast cancer
of  T3N2Mx stage. Histological diagnosis was
high-grade differentiated adenocarcinoma
with metastases to the thoracic part of spine
Thx-Thx1 and  a  severe  pain  syndrome.  The
patient underwent the courses of gamma-ray
teletherapy, combined chemotherapy and
hormonal therapy. Radical bilateral
ovariectomy was performed on 10 Dec 1993.
However, shortly after surgery the patient
suddenly worsened and was discharged from
the hospital. Supportive therapy was
ineffective.

After thorough re-examination, the
patient  underwent  3  courses  of  monotherapy
with RL-175 (18 Feb to 20 Mar 1994; 12 Jul
to 14 Aug 1994; 10 Nov to 10 Dec 1994). In
1995 the patient underwent control check up.
Mammography showed that from 8 June
1994 breast tumor decreased by more than
50% (Figure-2), infiltration also decreased,
whereas fibro-regenerative manifestations
increased. Total relief of the pain syndrome
was achieved. The patient started leading
active life without any limitations. Judging
by the subjective and objective parameters,
the recurrence-free interval in this patient
lasted 4.5 years.

Out of 16 patients of this group, 10 had
their recurrence-free interval from 3 to 4.5
years.

Group III. Patient  S.  (b.  1944)  was
registered at Uman oncological dispensary
(Ukraine) on 20 Jan 1989 with the diagnosis
of disseminated breast cancer of T2N2M1
stage with the metastases to the thoracic
spine Thx. Radiography showed that thoracic
spine Thx was almost completely destroyed.
The patient underwent Halsted radical
mastectomy on 18 Jul 1989. Then a complete
course of combined chemotherapy was
carried out. However, after the mastectomy
metastatic progress was detected. Severe
pains appeared. The patient was bedridden.
She had to wear a corset. Severe intoxication
developed, and the patient took steroid
analgesics. She worsened dramatically and
poor outcome was predicted.

The patient underwent only 2 courses
of RL-175 (17 Feb to 14 March 1991; 17
March to 12 Apr 1991). During the first
course reliable pain relief was marked. After
treatment stable radiological remission of
more  than  60%  and  partial  restoration  of
bone structure Thx and Thx1 were achieved.
Active unrestricted life style was also
restored. She put off her corset and took up
her previous job. The follow-up period was
42 weeks. Insignificant progress of
metastatic damage of Thx and Thx1 was
detected in 12 months (Figure  3). Another
patient with similar history had a fracture of
thoracic ThX-XI and lumbar LI-II vertebrae and
total loss of mobility.

Patient G-H underwent 2 courses of
RL-175. The anesthetic effect became clearly
evident on days 10 to 13. She could do some
sedentary work and in 1 to 1.5 months walk
and do some work about the house. She took
off her corset. A recurrence-free period of
stable roentgenologic regression of tumor
focuses was 42 months. 7 of 12 patients with
disseminated breast cancer demonstrated the
same interval with 50 to 70% positive results.



CONTENTSMedical and Biological sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

46

June 8, 1994 April 11, 1995

Figure 2. Patient P. Mammogram: high-grade differentiated adenocarcinoma with
metastases to the thoracic part of spine Thx-Thx1 of irregular radiant form and unclear contour.
Tumor regression is more than 50%. Tumor size progress has not been identified within 44
months.

December 13, 1990 (a) March 14,1991 (b) March 24,1992 (c)

Figure 3. Patient S. Roentgenogram of the thoracic spine of 13 Dec 1990 (a).
Pathologically almost a compression fracture of vertebrae ThX and ThXI. Roentgenogram of
the same segment of spine in four months (b). Almos total tumor regression is observed.
Metastatic lesion of ThX and ThXI is insignificant 15 months after the first course of treatment,
24 Mar 1992 (c).
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Group IV. Patient E (47 years) first
turned for consultation to Vladikavkaz
oncological dispensary in January, 1987. In
May, 1987 she underwent Halsted radical
mastectomy. In March, 1989 histological and
roentgenological evidence of a tumor focus
in  the  right  mammary  gland  was  discovered
with metastases into lymph nodes and
metastatic damage of the 8th left rib with its
total destruction. Patient E. underwent three
RL-175 courses in mono-regime. After the

first course, metastasis stabilization, partial
restoration of the affected rib structure
(Figure  4)  and  regression  of  the  process  in
lymph nodes were identified. The patient was
under medical supervision at home in the
regime of supporting therapy for 38 months.
All 4 patients of the group showed reliable
pain relief and increase of sleep duration.

Of  4  patients  of  this  group  only  2
demonstrated about 50% general
improvement after treatment.

Figure 4. Patient K. Metastatic lesion of  the  8th rib on the left with a complete
destruction of the back segment is found on the diagnostic chest roentgenogram of 29 Mar
1989. Eight months later bone structure of the affected rib was partly restored along the back
axillary line.

Discussion
We have shown the clinical outcomes

in groups I to IV of patients of pre-
menopause age suffering from disseminated
breast cancer, in whom the standard
treatment had been completely exhausted.
Basing on the results given above, we can
conclude that RL-175 antitumorigenic
activity considerably higher, than that of all
the other cytostatic agents and drugs
described in literature, both in mono-regime
and combined with the other known drugs on
all the lines of chemotherapy.

Nowadays, docetaxcel of taxan row is
considered the most effective preparation for
disseminated breast cancer. Numerous
randomized investigations in patients with
disseminated breast cancer showed that after
docetaxcel therapy the frequency of objective
response (complete and incomplete

regression)  as  the  first  line  of  therapy  was
more than 60% [7]. Multiple studies
performed in 30 oncological centers of the
world  showed  that  an  objective  effect  of
docetaxcel as the chemotherapy of the
second line was 41% with median duration of
its effect amounting to 6 months [14]. The
other taxan, paclitaxcel used for
chemotherapy of the first line in patients with
disseminated breast cancer showed 29% to
62%   improvement is from with median
duration of positive response of 6 to 8
months [15].

Of the new generation of cytostatic
agents vinorelbin (navelbin) of
vinkaalkaloids has to be mentioned. Its effect
in the first line therapy of disseminated breast
cancer reaches 35 to 65% with median
duration of 5 to 9 months [16], and in the
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second  line  therapy  20  to  31%  with  median
duration of 4 to 8 months.

New drugs (such as taxans, vinorelbin,
kapecitabin) enabled the development of
highly efficient combinations. Thus, the
combination of docetaxcel and doxorubicin
in the first line therapy of disseminated breast
cancer resulted in about 82% objective
response. In the later randomized
investigations of the same drug combination
the objective response in patients with
disseminated breast cancer was higher than
60% and 47% [7]. The combination of
doxorubicin and paclitaxcel allowed for 94%
increase in objective response rate [17].

However, in the third and the later lines
of therapy, the percent of clinical effect of
the known drug combinations dramatically
decreases to 10 to 15%. In comparison, we
are demonstrating here that the objective
positive effect of RL-175 in mono-regime for
disseminated breast cancer increases from
zero to 50% and more.

It should be stressed that the known
cytostatic agents display considerable
hematological toxicity both in mono-regime
and in different drug combinations.
Moreover, treatment with the above
combinations is accompanied by the
development of chronic cardiac toxicity in
18% cases. RL-175 is among the powerful
anti-anemic factors of blood haemopoiesis
regulation [13]. It also significantly
influences the regulation of energy
homeostasis [9–13].

At the same time, median duration of
the objective response for the known
cytostatics both in mono-regime and
combination as chemotherapy of the first line
constitutes 6 to 8 months and on the last line
decreases to zero level, whereas our clinical
data in groups I to IV of patients with
disseminated breast cancer demonstrate this
median increase up to 3 years and more. The
given comparison by the duration median of
the recurrence-free interval of therapy is
extremely important for understanding the
fact that the known strategy of search for the

drugs  with  selective  antitumor  action  on
specific targets of malignant cells is of low
efficacy. We believe that this is due to
multivariant transmission of signals for
tumorigenic growth into the cell. The new
conception of search for highly efficient
antitumor agents and methods for treatment
of patients with disseminated breast cancer
are described below.

ATP concentration in tumorigenic cells
near plasma membranes falls to zero, and this
is the reason for the damage of the control of
complex interaction of regulator proteins (c-
myc and p53) which are the factors of
transcription. At the same time, a tendency to
local synthesis and heterogeneous ATP
accumulation in plasma membranes of
tumorous cells has been revealed [18].  These
locally formed and short-living ATP
molecules can activate tyrosine kinases and
then through phosphorylation by tyrosine
residua, launch the cascade multivariant
mechanism of tumor growth by tumorigenic
peptides [19].

Our clinical results on tumor regression
in  patients  with  disseminated  breast  cancer
can be interpreted from the point of view of
inhibition by RL-175 preparation of the
mechanisms of perception and transmission
of signals of tumorigenic factors of growth
into the cell.

On the other hand, the analysis of
literature on the influence of different
inhibitors of tyrosine kinase receptors on
ATP, insulin, and other activation factors
reveals a low value of the above mentioned
anticarcinogenic conception. Chiefly, it is
because the processes of perception and
transmission of signals for tumorigenic
factors of growth into the cell are
miscellaneous, multivariant, and very often
depend on a variety of internal and external
factors [14].

P53 gene is the sensor of DNA damage
and cell cycle disorder. P53 mutation is
found in more than a half of the cancers,
growing during prolonged chemotherapy
[20].  It  was  shown  that  in  case  of  P53
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activation, the gene protein can initiate the
two following independent programs [20]:

· Temporary stoppage of the cell
cycle in G1S-phase of kariomitotic cycle by
means of P21WAF1protein inhibiting cyclin-
dependent kinases;

· Inhibition of the launch of apoptosis
program with the aid of Bax or Bid genes
inactivation, proapoptosis genes of Bcl-2
family.

In literature [2, 20] there are also the
data on participation of P53 in the processes
of DNA reparation through activation of
gene P53R2 encoding ribonucleotide
reductase. The decrease of gene P53 activity
or mutation resulting in the loss of the ability
to initiate apoptosis is a serious factor
predisposing to tumor formation and the
development of resistance to chemotherapy.

Hence, it could be expected that RL,
which promotes significant increase in ATP

concentration in plasma membranes of
tumorous cells [9-12], must adequately
enhance the regulatory mechanisms of P53
genes and Bcl family activity.

In  our  works  [9-13]  we  showed  that
compounds encoded Rl-175, RL-S, and RL-3
accelerate by 60 to 80% the oxidation of
succinate by mitochondria of white rats’ liver
(1.14 x 10-6 c-1, against 0.67 x 10-6 c-1 in
control animals) (p < 0.001). ATP levels in
the skeletal and heart muscles of Vistar line
white rats treated with the preparation under
study was 3 to 4 times higher than the control
values. Moreover, genuine free energy (ΔG)
of ATP hydrolysis in the muscle cells with
ATP, ADP, and Pi concentrations of 40, 9.3,
and 8.05 mM, correspondingly, pH 7.0, and
25oC, doesn’t exceed ΔG, evolved under
ATP hydrolysis in the intact rat erythrocytes,
muscles, and liver [21, 22].

[ ][ ]
[ ] 4,12lg303,201 -=+D=D
ATP

PADPRTGG i  kcal/mole (-51,9kj/ mole),

where: ΔG01 is  standard  free  energy;  R  is  gas  constant;  T  is  absolute
temperature; Pi is phosphoric acid.

Then, the difference 1,501
1 -=D-D=D GGG  kcal/mole (-21,3 kj/ mole) comprises the

energy of shift by the investigated compounds of disconnected standard equilibrium constant
30 1015,1 -×=eqK [22] in the spontaneously connected transformation of A into B in the pool of

multi-enzymatic complex of the respiratory chain up to 1010 times:
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The given calculation testifies to that
under the influence of the compounds under
study four, and not three ATP molecules, are
synthesized in three key segments of the
respiratory chain and standard constant
equilibrium (Кeq) in mitochondria shifts 1040

times, significantly exceeding the similar
normal process (1024 times) [21, 22].

Along with the known bioenergetic
ATP functions (such as movement, active
transport, and biosynthetic metabolism), one
more function has also been discussed in
literature: the amplification of a signal for
cell growth and conduction of proliferative
stimulus to the nucleus [18, 22]. However,
the concentration role of ATP as a mediator
of conduction of proliferative stimulus to the
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nucleus  of  a  malignant  cell,  with  adequate
regulation of gene activity of cell growth
factors, has not yet known.

We studied the effect of RL-175, RL-S
and RL-175 on the malignant cells of human
ovarian carcinoma (CaOg)  [11].   The  DNA
and RNA synthesis rate, as well as protein
synthesis were estimated by the introduction
of  [3H]-thymidine, [3H]-uridine and [3H]-
leucine into these cells. A 50% depression of
3HT, 3HU, and 3Hleu inclusion in the tested
concentrations 0.5 x 10-3 мole was taken as a
borderline criterion of the drug activity.

The drugs under study almost
completely inhibit DNA synthesis and at the
same time considerably stimulate RNA
synthesis. Thus, under the influence of RL-S
in  the  dose  is  10  mcg/ml,  the  rate  of  [3H]-
uridine inclusion increases by 214%
compared to the control value.
Correspondingly the protein synthesis
increases. These results suggest that RL-like
agents contribute to the transfer of the
malignant cell through the stage of mitosis
(G2М) to the normal cycle of cell
proliferation. In this case, G2М >  G1S ratio
can serve as a regulation criterion of P53 and
hence, Bcl-2 family gene activity.

We associate the formation of an
excessive RNA pool (matrix, ribosomal,
informational, and others) with “edited”
extension  of  the  RNA  information  chain  via
amplification of that segment of the notional
DNA chain, which through genes weakening
or disconnecting provoked malignant
neoplasms of different location [23, 24].

The concept of “edited” amplification
(regulation) of gene expression according to
the extension of the notable RNA chain,
accounts for indisputable stable recurrence-
free remission of malignant focuses
(mounting  to  >  or  =  50%)  in  patients  with
disseminated breast cancer who had
demonstrated the failure of  up-to-date
physicochemical therapy (operation,
radiation, hormonal and chemical therapy).
We suggest that RL-175 effect on the
malignant cells proves the possibility of its

regulatory role in P53 gene activity, thus
launching apoptosis program and inducing
the introduction of malignant cells in the
normal proliferation and differentiation
cycle. Apoptosis launch is an essential factor
in overcoming the resistance barrier of the
malignant cells to chemical therapy.

Consequently, the concept discussed
here can serve as a serious argument in favor
of promising perspectives of RL-175 for
prophylaxis of this disease rapidly
progressing in the world.
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To understand variation in resistance to parasites within host populations, researchers have
examined conditions under which immunity is induced and/or is costly. Both host sex and age have
been found to influence immune expression and subsequently are likely factors influencing the
costs of resistance. The purpose of this study was to examine immune expression and associated
survival costs for two age groups (newly emerged and sexually mature individuals) of the damselfly,
Enallagma boreale Selys. Survival was assessed for experimentally challenged and control
damselflies, housed initially at 22°C and then subjected to low temperatures (15°C) associated with
reduced foraging activity and food deprivation. Experimental conditions emulated natural local
variation in bouts of good weather followed by inclement weather (successions of days with hourly
mean temperatures around 15°C and/or rainy weather).
At least one of three immune traits was induced to higher levels for both newly emerged and
mature E. boreale challenged by Lippopolysaccharide (LPS) relative to saline-injected controls,
when housed at 22°C. The immune traits assayed included haemocyte concentration,
Phenoloxidase activity and antibacterial activity and their induction varied among ages and between
males and females. For matures, those injected with LPS had lowered survivorship compared to
saline-injected controls that were housed initially at 22°C and subsequently at 15°C. Newly
emerged LPS-injected damselflies did not show reduced survivorship relative to newly-emerged
controls, despite showing immune induction.
Reduced longevity following induction of immunity was observed for reproductively mature
damselflies, but not for newly emerged damselflies. Costs of resistance depend only partly on the
immune trait induced and more on the age (but not sex) of the host. In four years, we often
observed bouts of inclement weather following good days and these bouts occurred primarily during
the emergence periods, but also during the flight periods, of E. boreale. The duration of these bouts
appear sufficient to compromise survival of mature damselflies that responded immunologically to
LPS challenge. We further suggest the environmental conditions likely experienced by different
ages of damselflies, following resistance expression, has influenced optimal immune investment by
individuals in different age classes and the likelihood of detecting costs of resistance.

Background
In natural populations, many species

are host to one or more parasite species,
where parasites are broadly defined to
include viruses and bacteria. However, not
all parasitic organisms elicit an immune
response from individuals of a given host
species [1, 2 ]. Additionally, immune
responses and the degree of resistance often
vary among hosts, even when the same
species of parasite is monitored in
observational studies or used in experimental
challenges [3-5]. Research has now focused

on both the intrinsic and extrinsic factors that
account for this variation in immune
responses among hosts and the consequences
of resistance to both host and parasite
individuals and populations [5- 7 ].

Evolutionary ecologists have adopted
various approaches in attempting to explain
within-population variation in immune
responses and resistance expression. For
example, researchers have examined the
extent to which resistance is heritable and
whether host responses are specific to the
parasite strains used [8,9]. Other researchers
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have viewed the fitness benefits of immune
defence as being traded off against other
traits; an approach used in testing predictions
of life-history theory [ 7 , 10]. Importantly,
costs of resistance can include intrinsic costs
of maintaining immune components in
anticipation of parasitism and/or costs of
induction i.e., initiating and activating an
immune response. It is the latter costs that
often are demonstrated for vertebrates and
invertebrates in response to challenges from
parasites or surrogates of parasitism (for
invertebrates, insertion of a nylon filament or
injection of Lipopolysaccharides in solution)
[11,12].

The costs of resistance are expected to
be context depend ent, a problem only
recently identified [13]. One study to
examine context dependent resistance found
that starved and immune challenged
bumblebee workers had lower survivorship
than either fed and challenged workers or
starved workers that were not challenged
[14]. That study and more recent work [15]
has underscored the fact that success of
parasites and their impact on their hosts, also
should relate to environmentally relevant
external factors.

Under natural conditions, insects are
subjected to hours or days when foraging is
restricted as a result of variable or inclement
weather conditions. Hosts less able to acquire
dietary resources may subsequently mount a
less effective immune response [16,17].
Temperature also can play a key role in host
response to parasitism [5]. Yet, little is
known of the costs of resistance when
temperatures, under which resistance is
expressed, are not maintained. We expect
when weather conditions are 'good'
(resources are not limiting and temperatures
are optimal) insects resist parasites.
However, what happens if those insects are
subjected to 'poor' conditions after allocating
resources to resistance? Resistance costs may
not be realised unless the host expressing
resistance is subsequently challenged
environmentally; further, these costs also

may depend on the type of immunity induced
and the magnitude of induction.

There have been several studies
examining insect immunity; however,
patterns of how insects respond to immune
challenges are inconsistent and often relate to
the  immune  traits  assayed  [18-22].  As  a
primary component of invertebrate
immunity, circulating haemocytes are
involved in recognition, phagocytosis and
encapsulation of invading parasites and
pathogens [23,24]. Activation of the pro-
Phenoloxidase cascade to produce melanin is
a key component of the invertebrate immune
system (the production of melanin has both
cytotoxic effects and antimicrobial properties
[ 25]). In addition, anti-microbial peptides
can be produced in response to an immune
insult [ 25].

The main purpose of this study was to
examine  a  direct  fitness  cost  in  relation  to
induction  of  an  immune  response(s)  for
adults of the temperate and early-emerging
damselfly, Enallagma boreale Selys. To
ensure our experiment included
environmentally relevant conditions

(e.g. periods of 'good' weather followed
by successions of days of 'poor' weather), we
first assessed the local variation in
temperature and rainfall during the
emergence and flight period of E. boreale for
four previous emergence and flight periods
(2001–2004). Both low temperatures and
periods of heavy rainfall prevent foraging
attempts for damselflies under natural
conditions and were therefore considered
'poor' weather conditions [26]. Damselflies
were immune challenged with a dose of
immunogenic Lipopolysaccharide (LPS) in
saline  solution  and  allowed to  respond at  an
environmentally relevant 'good' temperature.
LPS  or  bacterial  cell  wall  components  are
known to induce an immune response in
several other insects with out the pathogenic
effect  of  the  bacteria  (e.g.  [14]).  To  ensure
LPS induced an immune response in E.
boreale,  we  assessed  immune  traits  of  a
subsample of LPS-injected and control
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(saline-injected) E. boreale. We assayed
three key aspects of insect immunity:
haemocyte concentration, Phenoloxidase
(PO) activity and antibacterial activity. Our
expectation was that at least one of these
immune responses would be induced to
higher levels when E. bore-ale were immune
challenged. The remaining challenged
damselflies were subsequently subjected to
an environmentally relevant 'poor'
temperature and food deprivation. To
examine if costs of immune induction were
realised when a responding individual is
subsequently subjected to 'poor'
environmental conditions, survivorship was
assessed at cooler temperatures. Reduced
adult longevity was expected at cooler
temperatures and was expected to relate to
the level of immune induction.

Sex differences in immunity are
present, and can be understood by reference
to natural or sexual selection on the sexes
[10,27]. However, there is currently no
general pattern of sex differences in immune
investment by insects, as has been suggested
for mammals [28]. Not withstanding, host
sex is an important factor to consider when
assaying immune responses and the ultimate
or evolutionary cost of resistance in
anticipation  of  parasit  ism  [29  ].  As  with
many insect species, male and female
damselflies differ in life-history strategies:
males  appear  to  forage  to  obtain  enough
resources for mating activity whereas
females forage to obtain greater resources for
egg production and thereby gain weight
during maturity [30]. Of course, the more
important question is whether fitness
relations to longevity differ for males or
females leading to the expectation of higher
immunity and longevity in either sex.

Costs of resistance and/or induction of
immune defence also are expected to relate to
the  age  of  the  host.  Damselflies  have  two
distinct adult stages, newly emerged (within
24 h of emergence) and reproductively
mature [ 31 ]. Newly emerged damselflies
must allocate resources to cuticular

hardening as well as contend with parasites
and pathogens. Enzyme pathways used in the
production of melanin for immune defence
are similar to those used in cuticular
hardening [23,32]. Thus optimal investment
in immunity may be limited by the
maturation process. Further, based on
observations from four previous years, newly
emerged damselflies are expected to
experience frequent and longer bouts of
inclement weather (see methods). In
comparison, reproductively mature adults
have to contend with costs of reproduction as
well as costs of defence if responding to
challenge by parasites and/or pathogens.
However, mature adults are expected to be
most active later in the season when weather
conditions should be more favourable (see
methods). For another damselfly Lestes
virdis, differences in immune parameters
between newly emerged and mature
damselflies were found and explained as age-
related differences in life-his tory trade-offs
[33]. The cost of immune induction also may
be age-dependent reflecting the optimal
patterns of energy allocation during
maturation. For example, sex differences in
immunity were evident for mature
Scathophaga stercaria flies; however, this
sex difference was not found for newly
emerged flies [ 34 ]. This inconsistency
between mature and newly emerged flies was
explained as a result of sex-specific
physiological requirements that were age-
dependent.

As  part  of  our  main  objective,  we
specifically compared E. boreale males and
females of newly emerged and
reproductively mature adults as we suspected
both age and the sex would influence the
type and magnitude of immune expression
and subsequent costs of immune induction.
Multiple measures of immunity ensured
identification of differences in the specific
immune trait expressed between males and
females within each age category.
Survivorship, as a measure of cost of
resistance mediated by immune induction,



Medical  and Biological sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

55

was assessed for control and experimental
individuals, which were either newly
emerged or reproductively mature males or
females.

Results
Immune Parameters
Immune parameters were not correlated

for newly emerged (r ranged from 0.02–0.35,
p values ranged from 0.10–0.92) or mature
adults  (r ranged from 0.008–0.35, p values
ranged from 0.08–0.94) therefore each
dependent variable was analyzed separately.

Haemocyte concentration (cells/0.2 µl)
did not differ between treatments or between
sexes of newly emerged E. boreale (Figure 1
a; sex F1,21 = 2.77, p = 0.11, treatment F1,21 =
1.07, p = 0.31, interaction F1,20 = 0.36, p =
0.55). However, both newly emerged males
and females did have a higher melanisation
index (MI; our measure of PO activity as
detailed in the methods) when injected with
LPS versus saline (Figure 2a; sex F1,22 =
1.59, p = 0.22, treatment F1,22 = 4.21, p =
0.05, interaction F1,21 = 0.16, p = 0.70). To
assess antibacterial activity, several plates
were seeded with bacteria (see methods).
Controlling for the variability in bacterial
growth between plates, there was a sex-by-
treatment interaction when comparing
antibacterial activity of LPS and saline
injected newly emerged males and females
(sex F1,1 = 352.83, p = 0.03, treatment F1,1 =
0.002, p = 0.97, interaction F1,1 = 4984.91, p
= 0.009). Females and not males injected
with LPS had heightened antibacterial
activity (Figure 3a).

Mature males and females injected
with LPS did have a greater haemocyte
concentration than saline injected con
specifics (Figure 1b; sex F1,57 = 1.64, p =
0.21, treatment F1,57 = 24.07, p < 0.001,
interaction F1,56 = 1.62, p = 0.21). The MI
for both saline and LPS injected mature
females was significantly greater than
conspecific males, but there was no treatment
effect (Figure 2b; sex F1,54 = 4.09, p = 0.04,
treatment F1,54 = 1.03, p = 0.32, interaction
F1,53 = 2.08, p = 0.16). Mature females had

a stronger antibacterial activity than males
when control ling for the variability between
bacterial plates (Figure 3b; F1,8 = 5.15, p =
0.05). No difference in antibacterial activity
between the treatments was observed for
mature damselflies (Figure 3 b; F1,8 = 0.09,
p = 0.78, interaction F1,8 = 2.41, p = 0.16).

Survivorship
Newly emerged adult E. boreale

injected with LPS did not have a significantly
lower survivorship than conspecifics injected
with saline (Figure 4a; ANOVA F1,88 = 0.72,
p = 0.40). However, newly emerged females
did survive longer than males in both
treatments (Figure 4a; F1,88 = 3.95, p = 0.05,
interaction F1,88 = 0.62, p = 0.43).
Survivorship of mature E. boreale was lower
in the LPS treatment compared to saline
injected conspecifics (Figure 4b; ANOVA
F1,117 = 5.81, p = 0.02). Similar to the newly
emerged E. boreale, mature females lived
longer than conspecific males in both
treatments; however, the result only
approached significance (Figure 4b; F1,117 =
3.54, p = 0.06, interaction F1,117 = 0.04, p =
0.83).
Discussion

A cost of immune induction in terms of
adult longevity was evident for immune
challenged mature E. boreale when subjected
to low temperatures and food deprivation.
There was approximately 25% reduction in
adult survival (from on average 3.88 d to
2.94 d) when immune challenged damselflies
were compared to saline injected controls.
Two other studies have found similar results
where upon activation of the immune system
with LPS in adult bumblebees [14] and male
field crickets [35], survi vorship was
lowered. Fellowes et  al.  [36] also found that
larval Drosophila had a reduced competitive
ability that likely leads to reduced
survivorship when resistance was selected.
Costs  are  not  limited  to  just  this  specific
immune challenge (LPS) and immune
expression; upon induction of cellular
encapsulation of a foreign body, Tenebrio
molitor females had lowered survivorship
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compared to control females [37]. Our results
suggest that under natu ral conditions, mature
damselflies  would  pay  the  cost  of  resistance
when faced with subsequently poor weather
conditions. For this particular E. boreale
population, there are many occasions when
bouts of poor weather follow good weather
(Figure 5), but these were more restricted to
emergence periods. Importantly, resistance
against parasitic mites (one of the most
prevalent parasitic associations with adult

Odonata [ 31]), when initiated, occurs at
damselfly emergence [38]. In comparison,
mature E. bore-ale, similar to other
damselflies, ingest parasitic gregarines when
feeding [39]. Although it is still unclear how
or if damselflies respond to gregarines in the
gut, our data suggest that future research
should investigate whether mature
damselflies responding to gregarines have
lowered survivorship, when faced with
inclement weather.

Figure 1 Mean haemocyte concentration (± 1 SE) for males (circle) and females (square) of
(a) newly emerged and (b) mature Enallagma boreale 12 h after injection of saline or LPS
and held at 22°C. Numbers indicate sample size.

One question of interest is why
survival of challenged newly emerged E.
boreale was not significantly lower when
compared to unchallenged controls. There is
still some debate as to whether costs of
resistance should occur, despite evidence in
recent studies of trade-offs against other
traits  such  as  competitive  ability  or
maturation rate [see [12,40]]. One
explanation for our lack of finding a cost in
newly-emerged adults is that newly emerged
damselflies must contend with parasitic water
mites in addition to repairing wounds
inflicted by mites piercing the cuticle

(melanin is  often observed at  the attachment
of each mite; T. Robb personal observation).
Secondary infection at the mite attachment
points also may occur. For other insect hosts,
risk  of  exposure  as  well  as  the  type  of
challenge an individual is exposed to has
explained how investment into immunity is
optimised and subse quently how costs of
resistance are minimised [41,42]. It is
expected that newly emerged E. boreale with
a high risk of parasitism have allocated more
resources to potential immune responses than
have mature reproductive E. bore-ale.
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Figure 2.  Mean  melanisation  index  (±  1  SE)  for  males  (circle)  and  females  (square)  of  (a)
newly emerged and (b) mature Enallagma boreale 12 h after injection of saline or LPS and
held at 22°C. Melanisation index values provide an indication of Phenoloxidase (PO) activity
i.e. higher values indicates higher PO activity. Numbers indicate sample size.

Another explanation concerns the
nature of the cost of resistance. At
emergence, damselflies must invest in
cuticular hardening, a process that uses the
same enzyme pathways (i.e. proPO cascade)
as the production of melanin used in immune
defence [23,32]. Thus, a more likely cost of
resistance or in repairing wounds for newly
emerged damselflies is longer times for
cuticular hardening after eclosion. It is also
important that newly emerged E. boreale
responded to the immune challenge by
increasing levels of PO activity and females
responded with an increase in antibacterial
activity; however, mature individuals
responded  to  the  LPS  challenge  with  a
significant increase in haemocyte
concentration (Table 1). This difference in
immune activation also may be partially
responsible for our inability to find a cost of
immune induction under environmentally
relevant conditions for newly-emerged
damselflies.

Newly emerged damselflies also are
more likely to encounter poor weather
conditions, in particular for long periods of
time in this study population (Figure 5).
Responding to parasitism on good days does
not appear to represent a cost for newly
emerged E. boreale when inclement weather
follows. In fact, under low temperature and
reduced foraging conditions newly emerged

E. boreale could live up to ten days at
15°C despite responding to an immune
challenge (typical Zygoptera lifespan is up to
23 d [31]).

Both newly emerged and mature
females did live longer than males in both
treatment groups. A larger body size
(particularly mass) could explain the greater
female survivorship compared to male
conspecifics for both newly emerged and
mature E. boreale. For mature females, egg
resorption also might occur to maintain
longevity follow ing resistance expression
[43]. In comparison, immune challenged
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reproductive female Tenebrio molitor beetles
suffered reduced longevity while maintaining
fecundity [ 37 ]. It is expected that clutch size
is less important to reproductive success of

female damselflies than is the number of
clutches over her lifetime [44] – this may not
be the case for T. molitor females.

Figure 3. Mean average diameter of zones of antibacterial inhibition (± 1 SE) for males
(circle) and females (square) of (a) newly emerged and (b) mature Enallagma boreale 12 h
after injection of saline or LPS and held at 22°C. Numbers indicate sample size

Sex differences in immune measures
were evident where mature females had
significantly greater levels of PO activity
when challenged or not challenged compared
to conspecific males. Both haemocytes and
PO are involved in sclerotization or tanning
of egg coverings (involved in the egg
viability) in invertebrates [45,46]. Thus,
heightened immune traits such as
haemolymph PO activity in females may not
be indicative of greater immunity, but rather
a side-effect of a greater need for melanin.
Differences in antibacterial activity were
observed between the newly emerged sexes
only in response to the immune challenge.
However, no sex differences were observed
between newly emerged E. boreale in our
measures of PO activity or haemocyte
concentration. Our results were similar to
that found for the non-territorial damselfly,

Lestes viridis, where newly emerged and
mature damselflies demonstrated no
difference in haemocyte totals, but where
only PO activity was higher in mature
females than con specific males [33].

We did not find any evidence to
suggest the cost of immune induction
differed between males and females. This is a
surprising result as previous work has
indicated female immune investment is often
greater than male investment [19,21,33,47].
Several hypotheses have been proposed to
predict invertebrate sex differences in
investment into immunity. Females are
expected to invest in egg production whereas
males must compete to fertilize eggs.
Further, Rolff [48 ] suggested that assuming
greater longevity will increase lifetime egg
production; females will invest more into
immunity compared to conspecific males.
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Figure 4. Mean days (± 1 SE) survived for males (circle) and females (square) of (a) newly
emerged and (b) mature Enallagma boreale after injection of either saline or LPS and held at
15°C after an initial 24 h at 22°C to allow response to LPS. Numbers indicate sam-ple size.

Alternatively, males downregulate or
suppress immunity as a result of costly
secondary sex ornaments and behaviour [ 49,
50 ]. Recently, Mckean & Nunney [15] have
suggested that sex differences in investment
in resistance arise from male and female
differential response to the environment: a
topic of considerable relevance to the present
study. They suggest the cost of resistance
will depend not only on the investment in
reproduction but will also relate to variation
in fitness-limiting resource availability. Our
data suggests that while allocation to immune
parameters differed between mature males
and females, there were no detectable
differences in the costs of immune induction
(survival) despite being subjected to similarly
poor conditions (Table 1).

Conclusion
The results suggest that costs of

immune induction do not depend just on the
type and magnitude of investment in
immunity. We found that costs of immune
induction in terms of longevity were evident

for mature damselflies but not for newly
emerged damselflies. The variation in
weather conditions normally experienced by
different aged individuals in this temperate
damselfly, the type of immune expression,
and when resistance against parasitism is
typically mounted, are likely explanations for
the age related differences in relation to
experimental challenges that we observed. It
is important that the environmental relevance
of laboratory conditions are well founded for
future studies on costs of immune induction
in the laboratory.

Methods
Environmental Relevance
An important aspect of this study was

to ensure that our methods of testing for costs
of immune induction were environmentally
relevant. A standard Stevenson screen at 1.5
m height with a Campbell Scientific 21X
datalogger was operational near our
collection site (Queen's University Biological
Station)  and  was  used  to  obtain  temperature
data.
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Figure 5. Mean hourly temperatures (± maximum and minimum temperatures for the
foraging period 0400 h to 1900 h) during the emergence and approximate flight period of
Enallagma boreale for the years 2001–2004 at Jack's Marsh. Closed circles repre-sent good
days of weather while open symbols represent poor weather. Bouts of poor weather were
considered to be at least two consecutive days of poor weather. The line marked at 15°C
indicates the cut off for our measure of poor weather and open squares indicate days with > 5
mm of  rain,  also  indicating  poor  weather.  The  open  bar  represents  the  period  of  time when
newly emerged individuals were observed and/or collected at Jack's Marsh. Open bar with
hatch marks represents an estimated period of time when newly emerged individuals would
likely have been observed at Jack's Marsh (reproductive matu-rity takes approximately 10–12
d to occur). The closed bar represents the period of time when mature adults were collected at
Jack's Marsh.

Temperature was recorded at five-
second intervals, allowing us to examine
mean hourly temperatures from 0400 h to
1900 h (representing sunrise to sunset or
possible foraging times of E. boreale in our
study region, cf. [ 51 ]). Mean hourly
temperatures for each day were examined
during the emergence period of tenerals as

well as flight period of mature adults
(approximately 15 May–15 June) for the four
previous years (2001–2004) to the study. We
assessed daily grand means of the mean
hourly temperatures for each day over the
emergence and flight periods of E. boreale in
the study area (Figure 5). We also assessed
rainfall during the daylight foraging times of
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E. boreale.  Poor  weather  days  were
determined as the daily mean temperature
less than or equal to 15°C and/or when
greater than 5 mm of rain occurred indicating
heavyrainfall and preventing periods of
foraging.

Table 1. A summary of the significant results
from the immune trait assays and the
survivorship experiment. See text and
Figures 1–4 for exact values and statistical
tests.

1Sex by treatment interaction only females showed
induction of antibacterial activity with LPS injection.
2p = 0.06

We were interested in bouts of two or
more successivedays where daily grand mean
temperatures were 15°C or lower and/or were
characterized by heavy rainfall. Wefound 11
such bouts (the median duration was 3 d;
interquartile range was 2–9 d). These bouts
can be seen byexamining Figure 5. Six of
those bouts were during the emergence
periods of E. boreale whilst three bouts
wereduring the flight periods and the
remaining two bouts bracketed the
emergence and flight periods. The meandaily
temperature on the days preceding each of
the bouts ranged from 16–22°C (for the ten
bouts where temperatureswere recorded on
the day previous). The maximum daily
temperature during the daylight foraging
times forthose days ranged from 18–26°C.
Based on these data, we chose 22°C to house
LPS-injected and saline-injecteddamselflies
for one day and 15°C to subsequently house
damselflies following immune challenges
versus controlinjections.

Study Species
Enallagma boreale is a non-territorial

damselfly with a mating system that can be

defined as scramble mate competition [52].
E. boreale is found throughout eastern
Ontario at beaver ponds and freshwater
marshes [53]. Emergence of E. boreale
usually begins at the end of May and mature
adults are present through to mid to late June
[53]. As with many dragonfly and damselfly
species, E. boreale are subject to parasitism
by larval water mites (Acari: Hydrachnida).
During host emergence, the water mites
transfer  to  newly  eclosed  adult  damselflies
and become parasitic [54]. The mites engorge
during the host maturation period and return
to the water during host reproduction. Host
resistance to parasitism (melanotic
encapsulation of the mite feeding resulting in
death of the mite) will occur during the first
24–48 h after emergence [4].

Collections
Male and female E. boreale were

collected from Jack's Marsh near the Queen's
Biology Station near Chaffeys lock Ontario,
Canada (44° 34' N, 79° 15' W). Newly
emerged damselflies were collected on a
daily basis beginning 28 May through to the
1 June 2005 between 1000 hand 1200 h. For
collections of mature adult damselflies, we
collected the first individuals to be observed
in tandem,ensuring males and females were
reproductively mature and within a similar
age group [31]. We collected reproductively
mature damselflies on 6–8 and 10–11 June
2005 (no adults were observed in tandem on
the 9 June between 1000 h and 1200 h). We
attempted to collect equal numbers of
damselflies each day. In total, 118 newly-
emerged and 180 reproductively mature E.
boreale were collected. Each day damselflies
were  brought  back  to  the  Queen's  Biology
Station (within 15 min of the collection site)
in insect cages (30 cm . 30 cm . 40 cm) and
placed in a cool (ca. 18°C) dark room for one
hour. Individuals were weighed (± 0.001 g;
Mettler AE100 Digital Scale) and placed in
plastic cups (volume ca. 255 ml) covered
with aluminium foil. Each plastic cup
contained 2 ml of water under a metal mesh
screen  to  prevent  drowning  of  the  damselfly
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and a wooden stick was placed in the cup to
provide a perch. At this time, we enumerated
parasitic water mites on each individual
using a 20. loupe. We assigned both newly
emerged and mature damselflies used to
assay immune parameters to treatment
groups (LPS or saline injected) within a sex
ensuring there were no differences in our
measures of body size, wing length and body
mass (p values range from 0.22 to 0.98).
Before  assessing  survival,  we  also  assigned
males and females to treatments ensuring
there was no difference in average mass or
wing length between treatment groups within
a sex (Table 2).

Parasitic water mites (Arrenurus spp.)
observed  on  some  damselflies  could  not  be

removed prior to experimentation without
causing greater stress. Therefore, we ensured
that the number of mites on newly emerged
E. boreale did not differ between treatment
groups for each sex prior to assays of
immune parameters (zeros were included in
analyses; males, W = 16, p = 0.99, n = 10;
females, W =28.5, p = 0.23, n = 16) and the
survivorship experiment (Table 2). We also
ensured that the number of mature E. boreale
with mites was similar between treatment
groups for each sex prior to assaying immune
parameters and prior to conducting the
survivorship experiment. However, we did
not statistically compare mean mite intensity
between treatments as the infection levels
were low (see legend of Table 2).

Table 2. Means ± 1 SE of mass, wing length and median number of mites on newly emerged
and mature Enallagma boreale for saline injected and LPS injected groups used in the
survivorship experiment.

1No differences in mass or wing length were found between treatment groups within each age and sex category
(Newly Emerged: Mass-males, t40 = -1.52, p = 0.14; females, t48 = -1.53, p = 0.13; Wing length-males, t40 = 0.27,
p = 0.79; females, t48 = 0.83, p = 0.41; Mature: Mass-males, t57 = -0.91, p = 0.36; females, t59 = -0.44, p = 0.66;
Wing length-males, t57 = -0.50, p = 0.62; females, t59 = 0.31, p = 0.76).2No differences between the median
number of parasitic water mites (interquartile ranges are indicated in brackets) were found for saline injected and
LPS injected newly emerged E. boreale (zeros were included in analyses; males, W = 161, p = 0.16; females, W
= 275.5, p = 0.63). Few (8) mature adults were found with mites and therefore no statistical tests were
completed, although medians and interquartile ranges are reported. Two males that were saline-injected carried 2
and 27 mites, three males that were LPS-injected carried 4, 5 and 15 mites. One female that was saline-injected
carried three mites and two LPS-injected females carried one and two mites.

Of the 60 mature damselflies used to
assess immune parameters 5 had mites-1
female with 14 mites and 1 male with 1 mite
in the LPS treatment while 1 female with 18
mites  and  2  males  with  1  mite  each  were
assigned to the saline treatment. Eight mature
damselflies used in the survivorship
experiment had mites out of the 120 in total
or approximately 7% (Table 2). These
individ uals were not expected to sway
analyses because they were few in number

and their mite numbers were similar across
treatments. Nonetheless, analyses were
completed without these individuals, but did
not change the overall outcome (see Results).

Immune Parameters
To assess if activation of one or more

immune parameters occurs at 22°C, 16 newly
emerged females and 10 newly emerged
males and 30 mature females and 30 mature
males were examined. Damselflies used to
assess immune induction were not used in
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survivorship experiments. To assess if an
immune parameter was induced, we
compared Lippolysaccharide (LPS)-injected
individuals to saline-injected controls. Three
assays were completed to assess immune
activation for each individual and all were
completed at the same time as the
survivorship experiments.

Each individual assigned to LPS-
injected group was injected through the
ventral surface of the metaepimeron with 0.5
µl of 0.5 mg/ml LPS (Sigma) dissolved in
ice-cold insect Ringers saline solution using
a 32 gauge Hamilton Syringe (Hamilton
Company). Individuals assigned to the saline
treatment were similarly injected but with 0.5
µl of the insect Ringers saline solution alone.
Immune activation was achieved through the
injection of LPS and individuals were housed
at 22°C for 12 h. We chose 22°C to ensure an
immune response occurred within the 24 h.
This temperature also was chosen for reasons
detailed above and because it was an ideal
temperature at which adult damselflies could
be housed (T. Robb, personal observation).
After 12 h at 22°C, we immediately collected
haemolymph from the thorax of each injected
damselfly by pushing 40 µl of ice cold
sodium cacodylate buffer (0.01 M sodium
cacodylate, 0.005 M calcium chloride, pH
7.4) through the thorax using a 26 gauge
Hamilton Syringe. The haemolymph and
buffer were collected in a 1.0 ml eppendorf
held  on  ice.  From  this  mixture  of
haemolymph and buffer we removed 10 µl
for a haemocyte count and the remainder was
frozen at -30°C to disrupt haemocytes for
measure of PO activity and antibacterial
activity. The number of haemocytes was
determined using an improved Neubauer
hemocytometer.

Phenoloxidase activity was determined
by quantifying the conversion of L-3,4-
dihydroxyphenylalanine (L-DOPA) to
melanin catalyzed by PO [55]. Filter paper
(Whatman No.52) cut in halves was soaked
in 2 mg/ml L-DOPA (Sigma) in a sodium
cacodylate buffer and 6 µl of the damselfly

haemolymph solution was applied to the
centre of the filter paper. Samples were kept
for 30 min at room temperature and filter
paper  was  kept  moist  with  additional  L-
DOPA solution to allow excess substrate for
the reaction to occur. Samples were then
transferred to clean paper towel and allowed
to dry. The end result was a circular
melanised spot on the filter paper as a result
of the PO present in the haemolymph
solution. The PO activity was quantified by
calculating a mean of the greyscale values for
the melanised region. The addition of buffer
alone resulted in no colour (melanisation)
indicating melanin was produced as a result
of the PO in the haemolymph. Multiple
pieces of filter paper were scanned using a
Cannon Scanner (CannoScan 9900F) set at
200 dpi, greyscale, 8 bits per colour, no
automatic tone curve and high sharp-ness
(60%). For each sample a mean greyscale
pixel value of a circular region (364 pixels)
at the visually estimated centre of the
melanised spot was determined using UTH
SCSA ImageTool program Version 3.0 [56 ].
A  raw  mean  pixel  value  (RMPV)  was
calculated by subtracting the mean greyscale
pixel value from 255; thus a value of 255
represented black and 0 represented white.
To  convert  the  RMPV  values  to  a
standardised  measure  of  PO  activity  or  the
melanisation index (MI) a standard India ink
solution (Faber-Castell Waterproof drawing
ink no 4415) was used. The mean RMPVs
for three aliquots at twelve dilution levels of
the India ink solution was determined using
the above methods (dilution levels range
from undiluted to a dilution factor of 2-12, in
decrements  of  powers  of  2)  and  the  best  fit
function of the curve (dilution versus RMPV)
was calculated. The MI for each damselfly
sample was computed as MI = e [(RMPV-
b)/m] * 100% (where m was the slope of the
best fit function and b was the intercept). For
each individual the MI for three separate
samples  was  determined  and  the  mean  MI
was used for comparison of LPS injected
versus saline injected controls.
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Antibacterial peptides also are
produced in response to infection and can be
measured by testing haemolymph
effectiveness at killing live bacteria (e.g.
[14]). Antibacte rial activity of the damselfly
haemolymph was determined using a zone of
inhibition assay against the bacteria
Arthrobacter globiformis. Methods were
completed similar to Moret & Schmid-
Hempel [14]. Test plates (5 for newly
emerged and 12 for mature adults) were
made by adding

0.05 ml of A. globiformis (105 cells/ml)
to  5  ml  of  nutrient  agar  and  the  plates  were
swirled to distribute bacteria evenly. Plates
were left to settle at room temperature and
then stored upside down at 4°C for up to two
days prior to use. Six pieces of sterilised
circular filter paper (6.29 mm in diameter)
were placed on each test plate and 6 µl of the
damselfly haemolymph mixture was pipetted
on a single filter paper. Placement of samples
on each plate and between plates was random
to ensure each plate had samples from both
treatments  for  each  sex.  On  each  plate,  a
negative  control  consisting  of  6  µl  of  buffer
alone was pipetted on a single filter paper.
Plates were incubated upside down at 28°C
for 24 h. The diameter of the clear zone
around the filter paper was measured using
digital callipers. The average of the minimum
and maximum diameters was used for
comparison. Bacteria growth was not
inhibited by the buffer alone.

Survivorship
Upon collection of newly emerged

adult damselflies (50 females and 42 males),
individuals were assigned to one of two
treatment groups: saline-injected or LPS-
injected. Injections and doses of LPS and
saline were completed as above. After the
injection, individuals were placed back in the
plastic cups and held at 22°C (16:9 light:dark
cycle, similar to that under natural
conditions)  for  a  24-h  time  period  to  allow
for the induction of the immune response.

Individuals were then placed into a
15°C incubator with the same light:dark

cycle. This starvation and temperature
regime should mimic 'real' occurrences of
adverse weather and limited food
availability. Damselflies were observed
approximately every 12 h at which time if
individuals were dead the date was recorded
as well as wing length (± 0.01 mm; Mitutoyo
digital  callipers).  Observations  were
completed until all individuals were dead. To
determine survivorship differences of LPS-
injected and saline injected mature adults, the
same methods as outlined above were
completed using reproductively mature E.
boreale (61 females and 59 males).
Differences in sample sizes between newly
emerged and mature damselflies and between
sexes occurred as a result of differences in
number of individuals available at the field
site during the collection periods.

Statistical Analyses
All analyses were completed using R

(version 2.1.1;[57]) and means are reported
as ± 1 SE. Body mass, wing length,
haemocyte concentration and MI were log
transformed to meet the assumptions of
normality. Analysis of antibacterial response
was completed with plate as a random block
effect to account for variation in bacteria
between the plates. Two LPS injected mature
damselflies (one male and one female) were
removed from the  MI  analysis  and  one  LPS
injected newly emerged female damselfly
was removed from the antibacterial analysis
due to an error in the laboratory.

Separate analyses were completed for
newly emerged and reproductively mature
individuals and any non-significant
interactions were removed for final analyses.
We completed separate analyses because
newly emerged and mature individuals were
collected at different times of the season thus
we could only explain the variation in
survivorship and immune parameters within
each age category and discuss if there were
differences in explanatory variables.
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SEASONAL BIORHYTHMS AS A FEATURE OF HUMAN GENETIC
SYSTEMS

Talalaeva G.V., Khokhutkin I.M.

Institute of Plants and Animals Ecology UrD RAS

Genetic systems are of great prevalence in nature. They are characterized by interrelation between
three sequential functional statuses of complex biological systems: Past, Present and Future; and
differ from occasional processes by an After-effect. Traditionally the models of genetic systems are
used in Biology for description of Genetic Heredity and Genetic Variability. At the present work the
models of genetic systems are used to describe human phenotypic variability. We also present a
comparative analysis of seasonal biorhythms in two groups under study: Ural and Northern,
residents of Midlatitudes and immigrants from Midlatitudes, Polar region migrants correspondingly.
Discrete statuses of biorhythms pattern, interrelated within the flow of nonrandom sequential events
are described. We show, that the biorhythms modification, formed in past, is a stable phenomenon,
it can not be cleared by corrective impact in present and determines the stimulation response of
human organism in future. The interpretation of the results is made in the models of genetic
processes: the complex of seasonal biorhythms is defined as a self-optimizing system having an
after-effect; and its discrete statuses are described as a dynamic sequence of events in that
system.

Problem description
Genetic systems are of great prevalence

in nature. They make possible appropriate
descriptions of complex biological systems
having an after-effect. Genetic Systems
Theory as currently applied to Biology is
Genetic Heredity and Genetic Variability.
The researches of the Urals scientists in
genetic systems theory use for phenotypic
variability modeling are not so familiar
[1 - 4].

Our concern in presentation of
phenotypic variability in the scheme of
genetic systems can be explained as follows.
Modern living environment suffers
anthropogenic and industrial transformation.
The tempo of artificial transformation of
environment is many times as quicker than
human evolution as a species, if we can take
into consideration only the processes of
genetic variability, caused by mutation.
Steady increase of disproportion between the
tempo of environment transformation and
genotype evolution menaces human survival
as a species. This is a new scientific problem.
We believe that its successive solution is
possible if the mechanisms of human
adaptation fitting with rapidity, self-

organization and ability to function within
the  schemes  of  genetic  systems  are
discovered.

The aim of the present research is to
analyze the human seasonal biorhythms
within the theory about self-organizing
systems having an after-effect.

Stuff and Methods of investigation
The seasonal biorhythms are

investigated in two categories of individuals
having the initial signs of disadaptation
syndrome and various geographic pre-
history. The results of examination of men,
suffering the ischemic heart disease (IHD)
working at metallurgical plants of the Middle
Urals  (first  group,  113  persons)  and  Polar
region (second group, 102 persons) are taken
in operation. The groups match in age,
prescription of the disease and the main signs
of the disease. The clinical characteristics of
patients with IHD from various geographic
groups was similar in follow aspects: age,
prescription of the disease, complaints (heart
pain, typical irradiation of pain, neurosis-like
complaints), data of medical examination
(heart edge extension to the left, apical
systolic murmur, accent in II tone in aorta),
electrocardiography and X-ray data,  liquid
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homeostasis factors (advanced hydrocortone
antibody titer, cholesterin and triglyceride
level)

Along with it, seasonal biorhythms in
two groups under study differ substantially,
being  not  just  a  complex  of  discrete
rhythmical processes, but functional systems
able to self-organization and self-

development. Seasonal biorhythms of the
inhabitants of the Middle Urals industrial
region  are  nearer  to  the  rhythm  of  climate
and weather fluctuations in the Midlatitudes
and demonstrate authentic seasonal
periodicity in the most of homeostasis factors
analyzed (tab. 1)

Table 1. - Seasonal biorhythms of tolerance to exercise stress of IHD patients from various
geographic groups (residents of the Urals and the Polar region)

Factors Winter Spring Summer Autumn
The Urals residents

CR at rest (beats/minute) 72.19±2.93  * 63.62±2.43 71.70±3.69 71.36±2.23
Interval PQ, sec*10-2 15.89±0.34  * 16.29±0.33 14.80±0.62 16.45±0.44
Systolic factor, % 2.18±0.34 * 1.29±0.29 1.50±0.68 1.74±0.35
Vegetal Index Kerde -10.84±3.57 * -23.51±4.30 -9.75 ±3.54 -15.32±4.55
Volume of the work
done, kilogrammeter

5456.25
±834.59  *

7128.57
±639.04

9344.12
±877.46

4764.00
±521.80

Cholesterin mmol/l 6.41±0.20 * 6.46±0.17 7.14±0.41 6.45±0.19
Betalipoproteins, g/l 6.92±0.54 * 6.30±0.28 7.39±0.76 6.30±0.28
the Atherogenic index 3.18±0.23 * 2.63±0.18 3.80±0.57 2.78±0.22
triglyceride mmol/l 1.06±0.10 * 1.26±0.07 1.39±0.19 1.29±0.11

The Polar region nonresidents
CR at rest (beats/minute) 75.31±2.07 71.09±1.82 72.09±2.10 72.82±4.04
Interval PQ, sec*10-2 16.15±0.40 * 16.07±0.23 15.03±0.20 15.96±0.36
Systolic factor, % 2.31±0.25 2.48±0.42 2.31±0.20 2.72±0.42
Vegetal Index Kerde -11.31±5.12 -16.73±7.28 -14.12±4.66 -15.30±8.43
Volume of the work
done, kilogrammeter

7868,75
±554,04

8382,00
±654,19

7421,74
±422,66

6703,85
±660,15

Cholesterin mmol/l 6.87±0.25 6.78±0.22 6.86±0.26 6.96±0.29
Betalipoproteins, g/l 6.81±0.55 7.48±0.44 6.98±0.44 7.48±0.50
the Atherogenic index 3.04±0.19 3.08±0.14 2.78±0.30 3.27±0.30
triglyceride mmol/l 1.08±0.09 1.17±0.11 1.04±0.09 1.10±0.10

NOTE (*) – the dynamics inside a group during the seasons is authentic, p<0.05

Statistically important seasonal
biorhythm is registered in PQ interval value
that is the speed of electric arousal
distribution in atrium and in systolic ECG
factor that is the effectiveness of electric
activity in myocardium. The range of
seasonal fluctuations of these factors has
been substantial for a year: it has made
10.3% for the length of PQ interval, and
53.3% for systolic factor average annual. The
dynamic of cardiac rate (CR) hasn’t got the

degree of statistic authenticity, but
nevertheless, it follows the seasonal pattern
of systolic factor, i.e. is synchronized with it
in  the  phase  of  rhythm.  CR  is  higher  in
winter  and  in  summer  and  it  is  lower  in
spring and in autumn. Qualitative seasonal
evaluation shows the absence of authentic
seasonal distinctions in frequency and
character of pathologic variations in ECG in
the group of the Urals residents under study.
It may be interpreted as a rather high
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efficiency of annual heart electric activity of
IHD  patients  from  the  Urals  region.  The
residents of The Urals have inter-
synchronized variations of pulse, double
product and vegetation index Kerde at rest.
The seasonal variations have 2 cycles in a
year (the rates increase in summer and in
winter and decrease in spring and in autumn)
and inversion in relation to seasonal
fluctuations of diastolic blood pressure.

Variations of systolic arterial tension
(AT) and tolerance to exercise stress (TES)
has one peak each during the year, dislocated
relative to each other in a season: the highest
level of systolic blood pressure is registered
in spring, and physical efficiency is the
highest  in  summer.  Fluctuations  of  CR,  of
involuntary nervous system tonus (index
Kerde) and TES are statistically important;
the range of there fluctuations is 12.3%,
87.9% and 70.3% of annual average.
Variations of AT and double product (DP)
that characterizes oxygen consumption by
myocardium, at rest are unessential during
the year, and their ranges are lower than
those of the forgoing factors. The range of
seasonal variations of systolic AT makes
3.4% of the annual average, 3.2% for
diastolic AT and 10.4% for DP.

The range of seasonal variations of
cholesterin level in blood makes 11.1% of
annual average, 16.4% for betalipoprotein,
26.6% for triglyceride, and 39.0% for the
Atherogenic index. Seasonal variations of
blood cholesterin, betalipoprotein and the
Atherogenic index are synchronized and
show the increase of hyperlipemia patients
quantity twice a year – in winter and in
summer and sequent decrease in spring and
autumn. The dynamic of blood triglyceride is
inverse.

The seasonal variations of
physiological factors in the group of the
Urals residents show that 17 of 28
homeostasis number factors have authentic
seasonal biorhythms; 13 of them have
evident 6-month component and biorhythms
look like a two-peak curve.

The specific character of seasonal
biorhythms of the Polar region nonresidents-
IHD patients is as follows. The Northerners
are  different  in  the  range  (2.0  –  4.8  times
lower) of seasonal variations of circulatory
dynamics, liquid homeostasis and
immunological status up to absence of any
statistical differences in a number of factors
analyzed during the year. Seasonal variability
of bioelectric heart activity in the group of
the Northerners also differ from the same of
the Midlatitudes residents. The difference is
that the ranges of interseasonal fluctuations
in the group of the Northerners are even,
authentic biorhythm is found only in one of
the analyzed ECG factors (PQ rhythm).

Seasonal rhythm of the Northerners in
comparison with the Urals residents is
characterized by the slower variations of the
factors analyzed during the year.  Two-peak
curve of annual biorhythms, common to ECG
parameters of the Urals residents, continues
only in systolic factors of the Northerners.
Other  ECG  factors  in  the  group  of  the
Northerners have only one peak a year that is
the fact of biological time slowdown in this
group in comparison with the Urals group.
Besides maximum value of slow waves
fluctuations in the group of the Northerners
have  phase  deviation  in  time  and  are  in
disagreement: the maximum value of PQ
interval length biorhythm is in winter, CR –
in spring, QRS interval length (ventricular
excitability) – in autumn. It is not impossible
that the type of seasonal rhythms of the
Northerners is approximate to the peculiarity
of photoperiodism in the polar region with
long polar day and wasting polar night, fully
level by their length the processes of rapid
spring and autumn. Seasonal variations of
CR, systolic AT, DP and Kerde index show
the  tendencies  to  have  two  cycles  of
fluctuations during a year with the increase in
winter and in summer and decrease in spring
and autumn. However maximum value of the
indicated factors is in summer and minimum
value – in spring. The dynamics of diastolic
AT is more monotonous, gradually
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decreasing from maximum value in autumn
to minimal value in spring. The range of CR
seasonal fluctuations makes 5.8% of the
annual average, 8.3% and 3.5% for systolic
and diastolic AT correspondingly, and 38.5%
for Kerde index. CR, AT, DP and Kerde
index fluctuations in seasons are insignificant
and do not make authentic differences as
when intercomparing the seasons, so
comparing the seasons and the annual
average.

Seasonal variations of cholesterin,
betalipoprotein, triglyceride in blood and the
Atherogenic index of polar region IHD
patients are not statistically significant as in
absolute values of the foregoing factors, so in
the number of hyperlipemia patients,
testifying to stable hyperlipemia during the
whole year and to the absence of authentic
seasonal biorhythms of liquid homeostasis
factors. The range of cholesterin seasonal
fluctuations makes 2.6% of the annual
average, 9.3% for betalipoprotein, 11.7% for
triglyceride and 15.6% for the Atherogenic
index in the Polar region.

Only 7 of 28 homeostasis numeric
parameters analyzed in the Polar region
group have authentic seasonal variations. So
the Northerners, in comparison with the
Urals residents, have a spectrum of seasonal
biorhythms providing the climate and
geographic adaptability more rigid and
narrower in range, consisting of smaller
number of authentic rhythmical fluctuations.
Comparison  of  the  schemes  of  the
Northerners’ and the Urals residents’
seasonal neorhythmostasis made on the
measuring at rest, shows  a constriction of the
physical fluctuations corridor of the people at
stress, experienced the severe Polar climate
and geographic environment.

Nevertheless within the present
message another aspect of experimental data
under study is more important. It is
important, that the people having equal
severity of the general adaptability syndrome

defect (primary evidences of IHD) have
different schemes of their seasonal
biorhythms and therefore may have different
response to additional effect of industrial
factors  of  the  environment.  The  results  of
physical therapy realized in hospital
environment  were  measured  to  verify  the
stated supposition.

Successful adaptation of IHD patients
from the Midlatitudes to the changing
environment may be proved not only by their
safe seasonal biorhythms, but also by the fact
that their clinical state didn’t suffer any
substantial breakdown during the year. The
complex physical therapy was more effective
in intermediate seasons: in spring and in
autumn, and especially in autumn (table 2).
The nonresidents of the Polar region have a
different scheme of the biorhythms system
and  algorithm  of  its  response  to  the  outer
influence that that of the Middle Urals
residents.

The Northerners have no statistically
significant fluctuations of homeostasis
factors during the year. Substantial
breakdown of clinical evidences of the
disease in winter and autumn period was
registered. Physical therapy was the least
effective in intermediate seasons: in spring
and in autumn, and especially in autumn.

Comparison of the results of
examination in the two groups (table 3)
shows that the effectiveness of treatment of
the Urals residents has authentic seasonal
variability; seasonal fluctuations in
effectiveness of treatment in the group of
Northerners are not statistically significant.
There is a definite seasonal dynamics of TES
factors, oxygen pulse and the factor of
energy consumption for a stress unit in the
structure of biological time of the Urals
residents after a course of impulse physical
therapy. In the group of Northerners there is
no seasonal rhythmic of the physiological
factors analyzed after a course of physical
therapy.
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Table 2. Clinical effectiveness of physical therapy of IHD patients from various geographic
groups according to the season of treatment (% of the whole number of cured in a season)

Factors Considerable
improvement

Improvement Insignificant
improvement

No
changes

Breakdown

The Urals residents
Winter, n=27 - 92.8 3.6 3.6 -
Spring, n=34 8.8 76.5 11.8 2.9 -
Summer, n=20 - 85.0 10.0 5.0 -
Autumn, n=31 16.1* 67.7 9.7 6.5 -

The Polar region nonresidents
Winter, n=26 - 84.6 7.7 3.8 -
Spring, n=29 3.3 83.3 6.6 3.3 3.3
Summer, n=22 8.6 87.0 - 4.3 -
Autumn, n=25 8.6 78.3 4.3 8.6 -
NOTE (*) – In pair comparison (spring-autumn) – (winter-summer) the differences in the
effectiveness of treatment in the Urals group were authentic (P<0.01). In the Northern group
authentic differences were not found out.

Discussion
The results, to our opinion, may be

interpreted as follows. There are 3 sequential
phases in the both groups under study: 1 –
the initial status before the treatment, 2- the
period of treatment itself and 3- the final
response to the completed treatment. When
modeling the process in the perms of genetic
systems the situation may be presented as
follows.  The  initial  phenotype  of  seasonal
biorhythms of the people under study
specified by geographic peculiarities of their
permanent residence is the prior status, or
prehistory. The state of biorhythms at the
moment of admission to the clinic and during
the treatment is the current event, causing the
response of the multicomponent homeostasis
system in the organisms of the patients cured.
Clinical effectiveness of the treatment
conducted and transformation of the
biorhythmologic status of the cured after the
course of treatment is the after-effect, caused
by the interaction in the initial status of the
system and its responsiveness at the present
moment.  That is  to say,  clinical  effect  of the
treatment may be considered as an after-
effect of the events that happened at previous

stages of ontogenesis during the process of
life activity of an organism.

In our research the initial functional
status in two groups under study was the
same concerning all parameters, excepting
the state of their biorhythms. According with
it, one can logically suppose that the status of
biorhythms itself is the carrier of the key
information determining unequal response of
the patients organisms from the first and the
second group to the same course of
treatment. As far as the final (after the
treatment) state of biorhythms of the patients
from the groups under study remained not
unified with qualitative differences, we may
state that further provocative environmental
impact will be accepted differently by the
patients from the first and the second group
and have different results.

Thus, various climate and geographic
prehistory of the patients destined different
action of their system of biorhythms in
present and extended to the result of the
treatment that logically extrapolates in future.
Various biorhythmic status of the patients in
past caused various reactivity in present and
resulted in various effects of treatment
thereafter. The course of treatment in autumn
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was the most effective for the patients from
the Midlatitudes and on the contrary the least
successful for the Northerners.

As one can see from the displayed data
there are diverse processes of homeostatic
regulations in subpopulations of Homo
sapiens.  By  means  of  different  modes  of
changeability in these subdivisions two
various in quality subtypes of “industrial”
communities of people form. According the
factor of organization of seasonal biorhythms
the groups under investigation formed two
sets various in quality, two various types of
self-organizing systems differentiating in
algorithm of perception, processing and
reproduction of information from their prior
state through the present into the future.

Conclusion
Human biorhythms are not only the

carriers of the information about the
algorithm of an organism functioning in the
past, present and future; they are also the
instruments of interrelation of these three
discreet states. Biorhythms provide
consolidation of short-term adaptation effect
in long-term behavior of biosystems and
function as genetic systems having an after-
effect. The result of empiric investigation
seems to be important because it starts a new
phase in chronobiology and concentrates the
attention of researchers at studying

aftersound effects in three-component
rhythmical system. In general, three-
component aftersound may appear as a result
of interrelations of three comparatively
independent rhythmical processes, that is:
human biorhythms, environmental natural
rhythms (barometric, heo-heliomagnetic
etc.), and also artificial rhythms, generated
by industrial plants. In anthropogenic
ecosystems in the condition of industrial
transformation of environment the problem
of phenotypic variability, after-effect
persistence, inheritance of gained features
and forming of bio-geo-industrial aftersound
becomes current and turns from theoretically
possible to practically realizable.
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MORUS BONINENSIS KOIDZ. TREES TO ESTABLISH A

CONSERVATION PROGRAM ON THE BONIN ISLANDS, JAPAN
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Morus boninensis, is an endemic plant of the Bonin (Ogasawara) Islands of Japan and is
categorized as "critically endangered" in the Japanese red data book. However, little information is
available about its ecological, evolutionary and genetic status, despite the urgent need for
guidelines for the conservation of the species. Therefore, we adopted Moritz's MU concept, based
on the species' current genetic structure, to define management units and to select mother tree
candidates for seed orchards.
Nearly all individuals of the species were genotyped on the basis of seven microsatellite markers.
Genetic diversity levels in putative natural populations were higher than in putative man-made
populations with the exception of those on Otouto-jima Island. This is because a limited number of
maternal trees are likely to have been used for seed collection to establish the man-made
populations. A model-based clustering analysis clearly distinguished individuals into nine clusters,
with a large difference in genetic composition between the population on Otouto-jima Island, the
putative natural populations and the putative man-made populations. The Otouto-jima population
appeared to be genetically differentiated from the others; a finding that was also supported by
pairwise FST and RST analysis. Although multiple clusters were detected in the putative man-made
populations, the pattern of genetic diversity was monotonous in comparison to the natural
populations.
The genotyping by microsatellite markers revealed strong genetic structures. Typically, artificial
propagation of this species has ignored the genetic structure, relying only on seeds from Otouto-
jima for replanting on other islands, because of a problem with inter-specific hybridization on Chichi-
jima and Haha-jima Islands. However, this study demonstrates that we should be taking into
consideration the genetic structure of the species when designing a propagation program for the
conservation of this species.

Background
Morus boninensis, a plant native to the

Bonin Islands (typical oceanic islands,
located 1,000 km south of Tokyo, Japan), is
only endemic to Otouto-jima, Chichi-jima
and Haha-jima Islands; it is categorized as
"critically endan gered" in the Japanese Red
Data Book [1]. This species is a typical case
in which there is little information about the
species, although guidelines are urgently
needed to aid in its conservation. There are
fewer than about 170 remaining trees and
natural regeneration does not seem to be
occurring at present (Yoshimaru et al.
unpublished data). The reason for the

degradation of the species was intensive
logging during the last quarter of the 19th
century and the start of the 20th century
(details described in [ 2 ]). Although Morus
boninensis used to be one of the main species
constituting the canopy in the moist tall
forest on the Bonin Islands, some invasive
trees, mainly Bischofia java-nica , have
replaced it in recent years [3-5]. In our field
observations, seedling recruitment has not
been observed since 1995. Yoshimaru et al.
(unpublished data) estimated that the
mortality rate of the mature individuals is
between 0.56% and 3.56% per year in each
population. Furthermore, hybridization with
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the introduced species, M. acidosa, has been
observed and has been confirmed by
molecular marker analysis [ 2 ]. To promote
the propagation of the next generation,
selection of mother trees should be
considered to maximize evolutionary success
based on the concept of the Evolutionary
Significant Unit (ESU, [ 6 ]). To achieve this,
it is best practice to define ESUs based on
genetic as well as ecological information.
However, there is no ecological information
about the species. Furthermore, the Bonin
Islands are a typical example of the changing
balance in Japan between biodiversity and
single-minded development, between the
desire to conserve native species and the
desire to satisfy human desires, and between
the modesty and creativity of local peoples
and the arrogance and insensitivity inherent
in massive public works funding[7].
Therefore, it is urgent that guidelines for
conducting ex situ conservation and
promoting the propagation of individuals for
the next generation are put in place. One
proposal by Moritz [8] was that the
population ESU should be defined by the
reciprocal monophyletic relationship based
on mtDNA alleles and significant divergence
of allele frequencies at nuclear loci (Moritz's
Management unit, MU). Although Crandall
et al [6] identified several conceptual and
practi  cal  problems with the effectiveness of
the use of a historical population structure, as
defined by molecular genetic techniques, the
concept has been adopted in various applied
studies of animals to define conservation
units based on ESUs [9-11]. Because of the
pressing nature of our work, we have adopted
Moritz's MU concept to define management
units  and  aid  in  the  selection  of  mother  tree
candidates for the seed orchards. This is
based on the current genetic structure, since
only genetic information is available at
present. In this paper, we present a
description of the current genetic structure of
the species, genetic differentiation between
populations and kinship within clustered
individuals based on microsatellite markers.

These data can be used to establish a
conservation program for the species.

Results
Genetic variation within the operational

populations
In  total,  164  remnant  trees  were

genotyped (data from two trees were
missing). Based on their geographic
distribution, these individuals were assigned
to one of the six operational populations
(Table 1 , Fig. 1). Maximum (21) and
minimum (8) numbers of alleles were
detected at Mos0008 and Mos0050 loci,
respectively. Although alleles with the
highest frequency were common between the
operational populations at three loci, the
other  four  loci  did  not  share  the  highest
frequency alleles between the operational
populations (Fig. 2). The genetic variation
within populations indicated by population
genetic statistics that are not affected by
population  size,  such  as  allelic  richness  (Ai),
observed and expected heterozygosity (Ho
and He), are responsible for the highest
values in the KWK and SKM populations
(Table 2 ). In contrast, the CCJ population
exhibited the smallest amount of within
population genetic variation when these
statistics were considered. The difference
between the  largest  and  smallest  amounts  of
genetic variation was, however, not large,
indicating that these operational populations
retain a similar level of genetic variation with
some fluctuation. We observed significant
deviation between the fixation indices of the
CCJ, IGM and LPS populations when double
reduction was not considered. An excess of
homozygotes was observed at two loci in the
CCJ  population.  The  IGM  and  LPS
populations exhibited an excess of
heterozygotes at all significant loci, with the
exception of Mos0288 in the LPS population.
All  statistically  significant  deviation  of  the
fixation indices indicates heterozygote excess
if we assume that maximum double reduction
occurred (Table 3 ).

Genetic differentiation among the
operational populations
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Global F-statistics indicate that there is
highly significant population differentiation
between populations at all microsatellite loci.
However, Global R-statistics based on the
stepwise mutation model showed that
significant population differentiation
occurred at five loci, but not at the two
others. The significance level was much
smaller in three of the five significant loci
than those of FST (Table 4 ). The genetic

relationship between populations was
determined by constructing a neighbour-
joining tree based on pairwise FST and RST
(Fig.  3).  There  was  no  difference  in  the
topologies of the two phenograms, however,
branch length was different. OTJ was the
population most genet ically separated from
the others; this was supported by both
pairwise FST and RST.

Table 1. Information of sampling sites and trees, such as background of population, location,
tree size and vegetation

1)The planted trees were sampled in northern civilization area and the middle part of the island, trees in the south
part of the island supposed to be natural.
2)The planted trees are located in the lower elevation (to ca. 240 m), the natural trees are supposed to grow in the
higher elevation area.

Both phenograms showed that IGM
and LPS had similar genetic compositions.
The branch length between KWK and CCJ
was shorter in the phenogram based on RST,
than in the one based on FST. It seems that
KWK has a similar genetic composition to
CCJ. However, SKM's genetic composition
was different from KWK, as indicated by the
long  branch  associated  with  SKM  that
diverges close to KWK in both the FST and
RST phenograms.

Individual based analysis using the
model-based clustering method

We performed model-based clustering
in order to elucidate the population structure;
we used multilocus micro-satellite genotypes,
but excluded Mos0157-2, as it is closely
linked to Mos0157-1.  A  model  that

considered both admixture and uncorrelated
allele frequency was adopted for the analysis.
Our reasoning was that we had observed
many stumps of M. boninensis and the
species exhibits many characteristics, such as
dioecism and anemophily, which might
account for the admixture believed to have
occurred in the past [12]. The highest
posterior probability was obtained for nine
clusters (K = 9). All individuals growing in
the OTJ operational population were
assigned to a single cluster (represented in
orange in Fig. 4), which was supported by
90% probability intervals for all but two
individuals (912 and 932). Although in the
IGM and LPS populations individuals were
mainly assigned into three and four clusters,
respectively, most individuals belonged to
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two clusters represented by green and pink in
the  diagram.  As  well  as  the  two  main
clusters, the LPS operational population
contained four and five individuals,
respectively, belonging to the black and
yellow clusters. The individuals in the CCJ
population were predominantly assigned into
three clusters. The trees growing in the south
part of Chichi-jima Island belonged to one
particular cluster (purple), with the exception
of  TD1  and  RJ1-8.  Eight  trees  in  RJ  were
separately assigned to three different clusters,

rather than the cluster repre sented by purple
(Fig.  4).  Two individuals  from the  north  ern
part of Chichi-jima Island were assigned to a
cluster containing three of the RJ individuals
(shown in blue and red in Fig. 4). We
observed a more complicated pattern of
genetic composition, as determined by the
clustering analysis, in the KWK and SKM
operational populations of Haha-jima Island.
Three main types of genetic composition
were observed in the KWK population.

Figure 1. Location  of  the  Bonin  Islands  and  the  location  of  each  remnant  tree  of M.
boninensis.  The  plus  signs  and  black  dots  represent  solitary  trees  and  tree  clumps,
respectively. The number beside each black dot indicates the number of trees in that clump.
The ellipses indicate the six operational populations.
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Two of these were simply expressed by the
green and yellow colours in Fig. 4. The
genetic composition of another type was com
posed of three or four clusters (mainly grey,
red, blue and purple) with more or less equal
probability. The genetic composition of this
type was similar to that of UPS in the SKM
operational population. However, individuals
in the UPS population were classified as
belonging to the grey cluster at a higher
probability than the individuals in KWK
(Fig. 4 ).

Genetic diversity and kinship structure
within the clusters

When we investigated whether
attribution of individuals to the clusters was
supported by a 90% confidential interval, 65
individuals could not be classified to a
particular cluster at this level. The remaining
99 individuals were each classified to one of
seven clusters with 90% certainty. Because
four of these clusters did not contain enough
individuals, we estimated the pairwise
kinship values for only three clusters. Cluster
2 (pink in Fig. 4) was com posed mostly of
individuals from LPS, plus five individuals
from  IGM  and  two  from  KWT  and  NGH.

Table  2. Average genetic variation of each locus for five operational populations of Morus
boninensis. Standard deviation of the mean is in parenthesis. Clusters 2, 6 and 7 are groups
assigned by the model-based clustering analysis with a 90% confidence interval

Cluster 6 (orange in Fig. 4) comprised
all the individuals in the OTJ population,
although two of them were not supported by
the 90% confidence interval. Cluster 7 (green
in Fig. 4) contained 19 individuals from LPS,
11 individuals from IGM, four individuals
from KWT and a single individual from
UPS. The amounts of genetic diversity were
esti mated for these clusters. In general, there
were fewer alle les within the clusters than
within the operational populations. However,
the clusters retained almost the same levels
of the observed heterozygosity as found in
the operational populations. We estimated
pairwise kinship between individuals of each
of the clusters, two opera tional populations

(CCJ; mixed background of the popu lation
and  SKM;  putative  natural  of  it)  and  all
individuals using Loiselle et al.'s formula
[13]. The kinships between all individuals
were normally distributed, with a mean and
standard deviation of nearly zero and 0.0674,
respec tively. Although the pairwise kinships
of three clusters were almost normally
distributed, their means were sig nificantly
different from zero. Maximum and minimum
values of the means were 0.1003 and 0.0600
in clusters 6 and 7, respectively. Although
numbers  of  pairs  for  CCJ  and  SKM  were
relatively fewer than those of the clusters,
their means were not significantly different
from zero (Fig. 5).



Medical  and Biological sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

79

Figure 2. The distribution of alleles of each population for the seven microsatellite loci.
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Table  3. Fixation indices for five operational populations of Morus boninensis,  with  and
without double reduction. Clusters 2, 6 and 7 are groups assigned by the model-based
clustering analysis with a 90% confidence interval

1Asterisks indicate statistical significance of fixation index at (*) 5%, (**) 1% and (***) 0.1%, based on
goodness of fit between observed and expected genotype frequencies.

Table 4. The global F and R statistics for seven microsatellite loci

1Asterisks indicate statistical significance at (*) 5%, (**) 1% and (***) 0.1%, based on permutation test at
20,000 times

Discussion
Genetic diversity within populations
The model-based clustering method

demonstrated that the genetic structure of the
M. boninensis remnant trees did not
correspond perfectly to the operational
populations based on geographical
distribution (Fig. 4). Although the OTJ
operational population did coincide with the
model based clustering, other operational

populations contained multiple clusters.
However, in determining operational
populations to be used in species
conservation, there are two considerations of
practical importance: 1) the convenience of
conducting controlled crossing using trees in
close physical proximity, whilst knowing
their individual genetic relatedness; and 2)
the ability to sample seed that may have been
open pollinated from nearby paternal trees.
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Figure 3. Neighbour-joining trees based on
pair-wise FSTand RST among operational
populations of M. boninensis.

Therefore, it is important to understand the
genetic  composition  at  two  levels:  the
operational population and the individual
level. The genetic diversity levels in OTJ and
CCJ were lower than in the other populations
(Table 2 ). Although the OTJ population
contains the secondly largest number of trees
of all the operational populations, the genetic
composition of each tree is very similar, as
demonstrated by the model-based clustering
(Fig.  4).  This  might  be  the  result  of  a
founding  event,  with  a  small  number  of
maternal trees having produced the seed to
establish the extant OTJ population.
However, the low genetic diversity in the
CCJ population is different. Four different
genetic groups were identified in the CCJ
population by model-based clustering
analysis. Out of the four genetic groups,
some of the trees comprising three of them
(blue/red, yellow and green in Fig 4) are
located in the northern part of Chichi-jima
Island. This is an area inhabited by
immigrant people. Trees in these same
genetic groups were also present in KWK on
Haha-jima Island. Therefore, these trees in
CCJ were probably planted by people using
seed sources from Haha-jima Island. In

Figure 4. Bar plots of estimates of
membership coefficient (Q) for each
individual for the inferred clusters (K = 9)
with maximum log-likelihood probability.
Bar colours and lengths represent inferred
clusters and Q, respectively.

contrast, the vegetation of the south of
Chichijima is, to date, well preserved
although there was some disturbance during
World War II. These trees have retained their
endemic genetic composition (purple in Fig.
4 ) on Chichi-jima Island, which probably
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represents the native genetic composition of
the species here. We only found nine
remnant trees classified with the purple
genetic composition in the CCJ population.
Although the expected heterozygosity level
of the nine remnant trees was smaller than
that of CCJ (0.628 vs. 0.674), their allelic
richness exceeded that of CCJ (2.476 vs.
2.429). This might be because a limited
number of maternal trees were used as the
seed source for planting the trees in the
northern part of Chichi-jima Island, or
because of bi-parental inbreeding of parent
trees of this population.

On Haha-jima Island, we observed a
similar pattern of genetic diversity as for the
CCJ  population.  Trees  on  Hahajima  Island
were divided into four operational
populations. One of the current authors (Y.
Hoshi) remembered that the species had been
grown  in  plantations  on  this  Island.  He
recollected that part of KWK and LPS were
planted by humans. Although the origin of
the IGM population was not clear, the small,
relatively uniform trees in IGM are
distributed in quite a small area. This might
indicate that, whilst these trees were not
planted, they are the result of simultaneous
regeneration from a few maternal trees, such
as  those  of  an  original  plantation.  The
amounts of within population genetic
diversity  of  plantation  trees  (LPS)  and  IGM
were lower than those of SKM and KWK.

According to the model-based
clustering, we identified a similar pattern of
genetic composition between the planted
populations (part of KWK and LPS) and
IGM – the clusters represented by mostly
green and pink colours (Fig. 4). This might
also indicate an origin from a limited number
of maternal trees or bi-parental inbreeding. In
contrast, the rest of the trees in the KWK and
SKM populations exhibited a complicated
genetic composition, and the SKM
population contained the highest amount of
genetic diversity of all the operational
populations, despite having the smallest

sample size. In terms of genetic diversity and
size of tree (data not shown), most trees in
the SKM population and part of the KWK
population are likely to be natural remnants.

The evidence of population bottlenecks
and inbreeding

The individuals in the SKM population
exhibited many components of different
clusters  (Fig.  4).  As  a  result  of  its  genetic
characteristics, size of trees and vegetation
pattern on the Islands, we deduced that this
population is the closest to being natural.
When we compared the genetic diversity
level between the OTJ (almost equivalent to
cluster 6) and SKM populations, the number
of  alleles,  as  well  as  the  observed  and
expected heterozygosity was lower in the
former. According to one theoretical study,
the amount of reduction in heterozygosity
depends not only on the "bottleneck" size but
also on the rate of population growth after
passing through the bottleneck, while the loss
of  alleles  largely  depends  on  the  size  of  the
"bottleneck" [ 14 ]. If the SKM population
produced many generations after the
bottleneck event, the heterozygosity level
would be reduced. However, we have
assumed that the SKM population produced
few generations after population decline,
because M. boninensis is  known  to  be  an
extremely long-lived woody species [12].
Although the SKM population has
maintained a high level of genetic diversity
to date, the decline in genetic diversity in
OTJ might be the result of bottleneck events,
such as much severe logging, long-term
population decline, or catastrophic
population destruction.

When  we  estimated  the  pairwise
kinships between individuals within a cluster
and compared their average between clusters,
the difference in average pairwise kin-ships
between cluster 6 and all individuals was
significant (Fig. 5). This meant that bi-
parental inbreeding may have occurred
during  the  bottleneck  event  in  the  OTJ
population.
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Figure 5. Distribution of the pairwise kinship coefficient between individuals supported by
90% probability intervals of Q within each cluster. Clusters 2, 6 and 7 correspond to the pink,
orange  and  green  clusters  shown  in  Figure  4.  MIN,  MAX,  AVE,  MED  and  SDV  represent
minimum value, maximum value, mean, median and standard deviation, respectively, for each
dataset.

However, the level of inbreeding was,
supposedly, not strong, although expression
of strong inbreeding depression for the

species may have been masked by mass
mortality of inbred individuals at the seedling
stage. This speculation is also supported by
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the non-significant and negative fixation
indices in cluster 6 and OTJ (Table 3). In
contrast, potentially man-made populations,
such  as  parts  of  KWK  and  LPS,  and  IGM,
contained multiple clusters.

However, most individuals within these
populations were classified into two main
clusters (green and pink), supported by the
90% confidence interval in the model-based
clustering analysis (Fig. 4 ). Furthermore, we
detected higher pairwise kinship values
within clusters (green and pink) than those
for all pairs of individuals (Fig. 5). This
could be the consequence of a limited
number of maternal trees producing the seeds
from which the man-made populations were
propagated. In contrast, although the mean of
the pairwise kinship of SKM was somewhat
high value, the mean of pairwise kinship of
the putative natural populations and mixed
background population, SKM and CCJ, is not
significantly different from zero. This
suggests that these populations might not
have experienced intensive bi-parental
inbreeding, as occurred in the putative man-
made populations. If we collect seed from a
few mother trees for the propagation of the
next generation, even open pollination will
potentially cause bi-parental inbreeding and a
decline in the genetic diversity of the new
generation. Therefore, it is very important to
construct seed orchards using clones of trees
from natural populations and/or to perform
controlled crossing between them.
Furthermore, some pairs in SKM population
represented high level of pairwise kinships
between  them,  which  implied  that  we  must
consider selection of parental trees to
construct seed orchards and combinations of
parental trees for control crossing even if
parental trees are only selected from the
natural populations

Establishment of conservation units
and a propagation program

Ex situ conservation would seem to be
necessary to conserve M. boninensis, because
it is difficult to obtain seeds free of
hybridization with M. accidosa. The

exception  is  the  OTJ  population  [  2  ].  In
addition, seedling establishment is extremely
rare  because  of  the  competition  with
introduced  alien  species,  such  as Bischofia
javanica [ 5 ]. Therefore, selection of pure M.
boninensis seedlings, controlled crossing and
ex situ conservation are all necessary to
ensure propagation of the species. To achieve
this, we must consider Moritz's management
units in order to select appropriate mother
trees and we must undertake controlled
crossing to obtain seed sources for
propagation. In terms of genetic diversity,
there was a large difference between the
putative natural populations, with the
exception of OTJ and IGM (south of CCJ, a
part  of  KWK,  most  of  SKM)  and  putative
plantation trees. According to the model-
based clustering analysis, planted individuals
are classified into two main clusters, green
and pink. This genetic differentiation, which
is supported by the model-based clustering,
should be used in selecting the MUs. We
were able to identify at least seven main
MUs for M. bon-inensis,  which  were  OTJ,
natural  trees  in  CCJ,  natural  trees  in  KWK,
SKM, man-made trees in CCJ and KWK and
two major clusters including individuals in
IGM and LPS (Green and Pink). Natural
populations retained many elements of the
different clusters. On the other hand, most of
the plantation trees were simply classified
into  a  single  cluster.  Hence,  natural
individuals were prime candidates for use as
maternal trees in controlled crossing and ex
situ conservation by grafting. According to
analyses of pair-wise FST and RST and the
model-based clustering, we should avoid
controlled crossing and instead should
establish new seed orchards by open
pollination of individuals from different
clusters. To date, the OTJ population has
been the only one to produce pure M.
boninensis seeds. These seeds, therefore,
have been the only ones used for
propagation. There is a hybridization
problem with the introduced species in the
KWK and SKM populations. Because the
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MU  of  OTJ  is  definitely  different  from  the
other natural populations, we need to
independently conduct controlled crosses or
ex situ conservation (and subsequently
develop seed orchards) within each cluster.
Only then will propagated seedlings be
available to use for propagation of the
species in the forest according to the MUs
identified in this study.

Conclusion
Genotyping using microsatellite

markers revealed that the pattern of genetic
variation was different between the OTJ
population, the north CCJ putative man-made
population, the south CCJ putative natural
population, the natural population in Haha-
jima  (most  of  SKM  and  a  part  of  KWK),
IGM and the man-made population in Haha-
jima  (a  part  of  KWK  and  LPS).  These
differences should guide the selection of the
MUs. The putative natural populations
exhibited higher genetic diversity than those
of the man-made populations, IGM and OTJ.
These are, therefore, important genetic
resources for the propagation of a new
generation.  To  date,  propagation  of  the
species has ignored its genetic structure by
relying only on seeds from the OTJ
population, even for planting on the other
islands. This has been because of the inter-
specific hybridization problem on Chichi-
jima and Haha-jima Islands. However, this
study has demonstrated the high level of
genetic differentiation within the species.
This needs to be considered with respect to
any propagation program aimed at
conserving the evolutionary range of the
species.

Methods
Field survey and collection of samples
Between 1998 and 2002, we conducted

a field survey to find the unknown remnant
trees of M. boninensis. Summary of field
survey concerning with background of each
population, location, tree size and vegetation
was  shown in  Table  1.  Identification  of  true
M. boninensis or hybrids between M.
boninensis and M. acidosa was conducted,

following sampling, using the three SCAR
markers  [  2  ].  This  allowed  us  to  exclude
hybrids from subsequent population genetic
analyses. To date, we have found and
collected petioles from 35 trees on Otouto-
jima Island (OTJ), 20 trees on Chichi-jima
Island  (CCJ)  and  109  trees  on  Haha-jima
Island (Yoshimaru et al. unpublished data).
Four areas were recognized in terms of their
geography and the distributional density of
the remnant trees on Haha-jima Island.
Therefore, we assumed that these four
geographical areas would be operational
populations. We gave them the names:
Iguma-wan (IGM), Kuwanokiyama (KWK),
Sekimon (SKM) and lower plateau of
Sekimon (LPS). We were able to recognize
some  sub-groups  of  trees  within  two
operational populations: KWK and SKM.
KWK contained Uchu-sawa (UCU) and
Kuwanoki-yama  test  field  (KWT).  SKM
contained the upper plateau of Sekimon
(UPS), Kiri-hama (KRH) and Naga-hama
(NGH). However, we did not deal with these
tree clusters as operational populations
because they contained relatively few
individuals. Thus, 23, 23, 18 and 45 remnant
trees were identified and sampled in the
IGM,  KWK,  SKM  and  LPS  operational
populations, respectively. The petioles from
these trees were stored at -20°C until the
DNA was extracted.

DNA preparation and genotyping of
microsatellite loci

DNA was extracted from 100 mg of the
petioles of each of the sampled remnant trees
using a DNeasy plant-mini Kit (QIAGEN,
Hilden, Germany) and following the
manufacturer's instructions. The genomic
DNA concentration was adjusted to 5 ng/μL
by dilution after measuring the concentration
of extracted DNA using a spectrophotometer
(Amersham Biosciences, Little Chalfont,
UK).  For  all  trees,  the  genotypes  of  seven
microsatellite markers were assigned
according to the procedure described by Tani
et al. [ 15 ]. Because M. boninensis is  a
putative autotetraploid species, we
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determined the allele copy number of partial
heterozygotes based on dosage of
electrophoretogram peaks.

Operational populations based analyses
We based the composition of the six

operational populations on geographical
distribution and individual tree aggregations.
For these we calculated population genetic
statistics as follows: the number of alleles
(A); the average number of alleles per
individual (Ai); the average number of four
allele genotypes (G); and observed
heterozygosity (Ho). These were obtained for
each locus using the program AUTOTET [
16 ]. Two types of expected heterozygosities
(He) and fixation indices (Fis) were calculated
under two assumptions: 1) random mating
and random chromosome segregation
(RceS); and 2) random mating and some
level of chromatid segregation (RcdS), for
which we selected the maximum theoretical
double reduction rate, α= 1/7 [ 17 - 19 ].
Using SPAGeDi software, F-statistics and R-
statistics, based on the infinite allele model
and the stepwise mutation model,
respectively, were estimated in order to
evaluate genetic diversity between the opera-
tional populations [ 20 - 22 ]. Random
resampling of individuals was parmuteted at
20,000 times to obtain a confidence interval
for the estimators of population
differentiation and the inbreeding coefficient.
The genetic relationships between the
operational populations were elucidated
using neighbor-joining trees based on
pairwise FST and RST,  with  the  aid  of  two
software packages, Mega ver. 2.1 and
SPAGeDi [ 20 , 23 , 24 ].

Individual based analyses
To identify any unknown population

structure, we used a model-based clustering
method implemented by the program
Structure ver. 2.0. This estimated the number
(K) of clusters into which the sample data (X)
were fitted with posterior probability
Pr(X|K),  using  a  model  with  admix  ture  and
uncorrelated allele frequency [25]. We
conducted 106 iterations following a burn-in

period of at least 30,000 iterations. The
genotypes of the Mos0157-2 locus were
omitted from the data set because Mos0157-2
was constructed from same sequence as
Mos0157-1, and hence these loci were
closely linked to each other. K provides only
a rough guide for determining which models
are  consistent  with  the  data.  Therefore,  we
examined various K values, from 1 to 20,
within the simulation, and searched for a
suitable K value to maximise the posterior
probability Pr(X|K). The Structure software
estimates  the  proportion  of  ancestry  (Q
value)  from  each  of  the K clusters for each
individual and the 90% probability intervals.
Assignment of individuals into inferred
populations was conducted using the Q
values and their probability intervals. Only
individuals supported by 90% probability
intervals  were  assigned  to  each  cluster.  A
kinship coefficient between individuals
within a cluster was estimated using
SPAGeDi software [13 , 20 ]. The amount of
kinship within each cluster was estimated by
comparing the probability of two individuals
in a cluster having identical genes to the
probability that two individuals chosen at
random from all the samples are identical.
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A severely immune-suppressed AIDS patient was suspected of suffering from BK virus (BKV)
meningoencephalitis, after being studied for common causes of neurological complications of co-
infectious origin. Polymerase chain reaction (PCR) and sequence analysis of cerebrospinal fluid
and brain samples, confirmed the presence of BKV. His clinical condition improved along with the
regression of brain lesions, after modifications on his antiretroviral regime. Five months after
discharge, the patient was readmitted because of frequent headaches, and a marked inflammatory
reaction was evidenced by a new magnetic resonance imaging (MRI). The symptoms paralleled a
rising CD4+ lymphocyte count, and immune reconstitution syndrome was suspected. This is the first
non-postmortem report of BKV meningoencephalitis in an AIDS patient, showing clinical and
radiographic improvement solely under HAART.

Background
Neurological complications associated

with HIV-1/AIDS are being recognized with
a high frequency that parallels the increased
number of AIDS cases [1]. Since the intro
duction of HAART, morbidity and mortality
secondary to primary and secondary
neurological opportunistic diseases in HIV-

1/AIDS patients have significantly decreased
[ 2, 3 ]. However, neurocognitive
impairments continue to occur in high
frequencies, even in countries, with a free
and universal access program to HAART,
such as Brazil [ 4].

Recently, atypical presentations of
brain diseases, such as JC virus granule cell
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neuronopathy, and those related to the
reconstitution of the immune system after
initiation of HAART have been reported in a
growing basis [5-7]. These unusual
neurological pictures in AIDS patients rep
resent new diagnostic and therapeutic
challenges [7,8].

BKV meningoencephalitis is a rare
polyomaviral infection with fatal outcome
when associated with AIDS [9-11]. The
clinical picture is devastating, resulting in
death from multi-organ failure [12]. Here, we
describe the clinical course of an AIDS
patient  with  presumed  BKV
meningoencephalitis who showed substantial
improvement after modification of his
HAART regime.

Case presentation
In April 2004, a 43-year-old HIV-1

positive heterosexual male was admitted to
the hospital complaining of bilateral
headache of moderate intensity accompanied
by speech, gait and memory disturbances.
HIV-1 infection was diagnosed in July 2003
after an episode of cryptococcal meningitis;
with a documented CD4+ lymphocyte count
of  6  cells/mm3. His past medical history
includes an episode of pancreatitis secondary
to lopinavir/ritonavir (July, 2003), and an
episode of tuberculous meningitis (October,
2003). On admission, antiretroviral
medications included zidovudine,
lamivudine, and efavirenz (antiretroviral
scheme modified after pancreatitis in August,
2003). Other medications included:
fluconazole, TMP-SMX, isoniazid,
ofloxacin, ethambutol, and pyrazinamide
(rifampin was discontinued and replaced by
ethambutol and ofloxacin after a marked
increased of hepatic enzymes in November,
2003)

Initial examination revealed mental
confusion, dysarthria and ataxia. Baseline
cranial CT scan showed two hypodense
lesions with mass effect and no contrast
enhancement in the left temporo-parietal and
right occipito-parietal areas. His CD4+

lymphocyte count was 37 cells/mm3, with an

undetectable viral load. Presumptive cerebral
toxoplasmosis was diagnosed, and a
treatment with sulphadiazine-pyrimetamine,
folinic acid, and dexamethasone was started.
After 14 days of therapy, the patient's
neurological status and CT scan findings
remained unchanged. Analysis of the
cerebrospinal fluid (CSF) obtained on day 14
after admission showed 12 leukocytes/mm3

(79% lymphocytes, 10% monocytes),
glucose of 46 mg/dl and a protein level of
146 mg/dl. Herpes simplex encephalitis was
suspected, and acyclovir replaced the
medications for toxoplasmosis. After a week
on this therapeutic regime, the patient's
neurological status remained unaltered, and
PCR analysis of CSF was performed,
resulting negative for all human herpes
viruses, JCV, and for Toxoplasma gondii.
Nevertheless, PCR for polyomavirus BKV
resulted positive.

From  this  data,  acyclovir  and
dexamethasone were discontinued, and the
patient underwent MRI-guided stereotactic
brain biopsy of the lesion found in the right
occipital lobe. Intraoperative MRI findings
were similar to those previously seen by CT
scan (Figure 1A). Histopatho logical
examination showed thickened
leptomeninges with a lymphocytic infiltrate
that extended perivascularly (Figure 2A).
The underlying cortex showed mild astrocy
tosis with prominent hypertrophic nuclei and
bi-nucleated forms (Figure 2 A). PCR
examination of the brain tissue sample also
showed  the  presence  of  BKV  DNA  in  the
absence of any other polyomaviruses (Figure
2C and 2 D).  The patient was reclassified as
with presumptive BKV subacute
meningoencephalitis. His therapeutic regime
included the replacement of efavirenz for
atazanavirritonavir along with the
administration of zidovudine/ lamivudine,
leaving the patient exclusively with HAART.
Urine analysis and renal function tests were
performed, showing <10 leucocytes/field,
undetectable red blood cells and proteins, a
serum creatinine of 0.8 mg/dl, and a BUN of
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16 mg/dl. These values, discarded the
presence of renal and urinary abnormalities
that are normally present in the context of
BKV clinical infection. Four weeks after
admission, neurological manifestations
improved considerably, and the patient was
discharged.

Five months after discharge, the patient
complained of mild headaches. A new MRI
reported improvement of the two lesions
previously seen; however, new areas of
increased signal intensity of the white matter
appeared (Figure 1 B). Based on a rising
CD4+ lymphocyte count of 144 cells/mm3,
and in the absence of any other co-infectious
agent, "encephalopathy of unknown origin"
secondary to immune reconstitution was
suspected. We kept close follow-up without
any other intervention, and the patient
gradually recovered.

Seven months after discharge, MRI
lesions and CD4+ lym phocyte count further
improved (Figure 1C.). Since then, and until
May 2007, the patient has been in the same
HAART regime, with no neurological
complaints; his renal and liver function have
always been unaltered, and his last CD4 +

lymphocyte count was of 336 cells/mm3 with
a viral load bellow 400 copies/ml.

Methods
Serum Hiv-1 viral load detection
All quantifications of viral load were

performed  by  real-time  RT-PCR.  The
threshold of detection was 400 copies/ ml.

BKV and JCV DNA amplification
from CSF samples

PCR technique as described by Arthur
et. al .,[13  ]  was  used  to  amplify  the  T-
antigen gene (173 bp) of both, BKV and
JCV. To establish whether BK viral
sequences inhibited the reaction, 10 µl of
CSF sample were added to duplicate tubes
containing the PCR mixture and
polyomavirus cloned DNA. An amplification
band of 173 bp was analyzed by 2% agarose
gel electrophoresis and visualized by
exposure  to  UV  light  after  staining  with
ethidium bromide.

Figure 1. Panel A. Intraoperative brain
images in April 2004. An axial T1-weighted
image after gadolinium injection (left-hand
side) shows lesions in the gray matter of the
left temporo-parietal lobe and right occipital
lobe  (place  of  biopsy).  These  images  show
slight enhancement of the lesions particularly
in the meninges and the presence of mass
effect. An axial T2-weighted image (center)
and a FLAIR image (right-hand side) show
better  details  of  the  lesions.  Panel  B.  Brain
MRI images, 5 months after discharge. Axial
T-1 weighted image after gadolinium
injection (left-hand side) showed important
improvement in gray matter lesions.
However, images in T2-weighted (center),
and FLAIR (right-hand side) showed pres-
ence of new high-signal-intensity lesions in
the white matter of the right frontal lobe and
left occipital lobe. A widening of the right
ventricle compared to the figure in Panel A
can be observed. Panel C. Brain MRI images,
7 months after dis-charge. Axial T-1
weighted image after gadolinium injection
(left-hand side) shows normal appearance.
Images in T2-weighted (center) and FLAIR
(right-hand side) reveal regres-sion of the
white matter changes; however discrete
widening of the right ventricle is still present.
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Figure 2. A) Representative section of the
brain biopsy (H&E 40X) shows thickened
leptomeninges with an infiltrate composed of
lymphocytes and plasmocytes that extended
perivascu-larly. Inset shows an astrocyte with
prominent and hyper-chromatic nuclei. B)
Electrophoresis on 2% agarose gel of BKV
PCR products from CSF. Lane 1, Marker 100
bp: Lane 2, negative control of PCR; Lane 3,
negative control of extrac-tion; Lane 4, 250
ng DNA; Lane 5, positive control of PCR. C)
Electrophoresis on 2% agarose gel of JCV
PCR products from brain biopsy. Lane 1,
Marker 100 bp; Lane 2, negative control of
PCR; Lane 3, negative control of extraction;
Lane 4,1000 ng DNA; Lane 5, positive
control of PCR.

Discriminating between JCV and BKV was
performed by treatment of PCR products (10
µl)  with  the  restriction  enzyme  BamH1
(Invitrogen) and analyzed by electrophoresis
on a 3% agarose gel.

BKV and JCV DNA amplification
from brain biopsy

DNA was isolated twice from 25 mg of
paraffin-embedded tissue using the DNeasy
Tissue Kit (QIAGEN, USA). Negative
control of extraction was carried out, using

water instead of lysed tissue sample. DNA
amplification was carried out by seminested-
PCR on different amount of DNA purified
from paraffin-embedded biopsies. A 150
base pair fragment of the BKV LT-coding
region was amplified using the outer primers
Pep1 and Pep2 and the inner primers Pep1
and BKS (nt 4513–4529, Dunlop strain).
Parameters for the 30 cycles of outer PCR
were 95°C denaturation, 54°C annealing and
72°C elongation for 30 sec each, whereas for
the inner PCR the annealing temperature was
52°C. Urine from a patient with
"polyomavirus associated nephropathy" was
used as positive control, while water as
negative control. Amplification of the LT
region  of  JCV  DNA  was  carried  out  by
nested-PCR on different amount of DNA, by
using set of primers JC1 and JC2 (outer),
Pep1 and Pep 2 (inner). Moreover, to discard
contamination by other polyomavirus, we
performed a western blot analysis with the
antibody against JCV/SV40 Tag (94 kDa)
and against actin (40 kDa) as a control. Our
patient's sample came out negative for the
former (data not shown).

Sequence analysis
PCR products were added to a mixture

containing 4 µl of Ready Reaction Premix
2.5X, 2 µl of BigDye Sequencing Applied
Biosystems 5X buffer, 3.2 pmol of either
forward or reverse primers, and water up to a
final volume of 20 µl. The cycle sequencing
was performed using the GeneAmp PCR
System 9700, with the following protocol:
initial denaturation at 96°C for 1', then 25
cycles  with  a  first  step  at  96°C  for  10",  a
second step at 50°C for 5" and the last rapid
thermal  ramp  to  60°C  for  4'.  5  µl  of  the
purified product underwent electrophoresis
on an ABI PRISM 310 Genetic Analyzer.
Sequence homology searches were
performed using BLAST at NCBI (USA).

Conclusion
We report the first in-vivo case of

BKV-associated meningoencephalitis in an
AIDS  patient  who  showed  clinical
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improvement and regression of brain lesions
while on HAART.

BKV infection is generally a benign
condition in immunocompetent patients, and
the causative agent of "polyomavirus
associated nephropathy" and hemorrhagic
cystitis in immunocompromised individuals [
12 , 14]. However, there is a growing body of
evidence demonstrating its neu rotropism
[14-16]. Among AIDS patients, only 3 cases
of BKV- meningoencephalitis have been
described, and all of them reported post-
mortem [ 9 -12 ].

Initially, the morphology of the lesions
and the cytochemical profile of the CSF
samples led us to empirically diagnose the
patient  with  cerebral  toxoplasmosis  and
herpes simplex encephalitis afterwards.
However, the lack of response to treatment
and the presence of BKV DNA in CSF
samples and brain tissue led us to reclassify
the  patient  as  with  BKV
meningoencephalitis.

Compared to the other 3 cases reported,
the presence of BKV DNA in the CSF is a
common denominator of true neurological
disease. As previously described, the
detection of BKV genome in brain samples is
unspecific, as it is normally present in 3%–
6% of HIV-1 infected patient, even without
neurological symptoms [17]. Our patient's
histopathological description is identical to
the ones previously reported, showing diffuse
areas of increased signal [ 9, 11 ].
Progressive multifocal leukoencephalopathy
was ruled out because of the normal
morphology of oligodendrocytes. In terms of
the radiological changes, our case is similar
to  the  previous  ones,  showing  areas  of
increased signal intensity of the
periventricular white mat ter (MRI) [11].
Other descriptions include increased
meningeal contrast enhancement along with
increased meningeal thickness (MRI) [ 9 ],
and marked internal hydrocephalus and
periventricular lucencies (CT scan) [ 10 ].
None of the previous reports showed features

suggesting immune reconstitution
inflammatory syndrome (IRIS).

Our main limitation to conclude that
BKV is the causative agent of the
neurological disorders is the lack of
demonstration of the virus in the brain tissue
sample, either by immunohistochemistry or
by in-situ hybridization. Tissue samples
extracted by stereotactic surgery are limited,
and most of the times insufficient to run all
diagnostic tests. These limitations were not
faced  in  other  reported  cases,  as  all  of  these
were done post-mortem.

Another important difference is the
lack of renal/systemic involvement in our
patient, when compared to the other cases
previously reported. Our patient' renal work
up included serial urianalysis and renal
function tests that remained normal
throughout the course of the disease
(creatinine 0.8 mg/dl, BUN of 16 mg/dl, in
April, 2004, creatinine of 0.9 mg/dl, BUN of
28 mg/dl in October, 2004,). As an outpatient
his renal function has continued in the
normal ranges (creatinine of 0.9 mg/dl, BUN
of 40 mg/dl, May 2007). The containment of
the disease was possibly related to a partial
effect  of  HAART,  similar  to  what  has  been
reported for other AIDS-associated
neurological complications in the post-
HAART era, opening a broader spectrum of
AIDS-associated neurocognitive dis orders
[18].

In this case, the change of atazanavir-
ritonavir for efavirenz might have helped to
reactivate the immune system, improving the
symptoms and morphology of the lesions
associated with BKV meningoencephalitis.
The rationale of this change was based upon
our previous experience and the results of an
unpublished work describing the benefits of
protease inhibitors in the restoration of the
CD4 count when compared to non-
nucleoside analogs (Riddler SA, Haubrich R,
DiRienzo G, et al. A prospective,
randomized, phase III trial of NRTI-, PI-,
and NNRTI-sparing regimens for initial
treatment of HIV-1 infec-tion: ACTG 5142.
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Program and abstracts of the XVI Interna-
tional AIDS Conference; August 13–18,
2006; Toronto, Canada. Abstract
THLB0204). Unfortunately, the restora-tion
of the immune system is not innocuous, and
as previously described, deleterious effects
are found in the context of polyomavirus
infection,  introduction  of  HAART,  and  a
rising CD4+ count [ 19]. Immune reconsti
tution inflammatory syndrome (IRIS), as the
latter phenomenon is known, affects 15% to
45% of patients receiving HAART. CNS
involvement hás been reported to occur in the
presence of tuberculosis (33%),
cryptococcosis (4.2%–15.9%), JC vírus
(unknown frequency); being manifested
radiologically as the extension or worsening
of a previous condition or by the apparison of
lesions that are enhanced by contrast, with or
without involvement of the meninges and
sometimes accompanied by hydrocephalus [
6 ]. In our patient, the newly developed
cerebral lesions and the headaches
spontaneously resolved.

In conclusion, our report demonstrates
that BKV might be the causative agent of
meningoencephalitis in AIDS patients, and
that this virus must be investigated in higher
frequencies in HIV-1 positive patients with
neurological manifestations now that its
neurotropism has been better documented. In
our patient, a previously reported life-
threatening and disseminated disease
progressed to a mild and focalized
neurological condition in the presence of
HAART.
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Materials of the Conferences

HORMONE-ADAPTIVE-METABOLIC
MODEL OF CHRONIC NON-INFECTIOUS
DISEASE FORMATION – NEW CONCEPT

OF PREVENTIVE MEDICINE
Grigorenko A.P., Khoshchenko Yu.A.

Belgorod State University
Belgorod, Russia

An original strategy of chronic non-
infectious human diseases treatment and
prophylaxis, in the basis of which the model of
hormone-adaptive-metabolic imbalance lies, is
offered.

With the body’s stopping growing and
developing the factors which provide them
(somatotropic hormone and others) don’t
disappear but keep on having effect with a
specific constancy causing inhibitory effects of
glucose and amino-acids transportation through
cells’ and vascular membranes. This leads to
chronic energy failure which can be qualified as
substrate hypoergosis. Hypoergosis is the basic
factor which forms chronic non-infectious
diseases (atherosclerosis, hypertensive disease,
diabetes of the II type and others) by means of
mechanisms of hormone-adaptive-metabolic
misbalance. Possible nosotropic mechanisms of
main human chronic non-infectious disease
genesis and principles of their treatment and
prevention are shown forth here detailed enough.

The epidemiologic situation fully formed
over recent years in the Russian Federation which
is connected with the growth of cardiovascular
diseases and considerable increase of death rate
because of them represents a direct health risk for
the population and the losses inflicted result in
significant economic disbenefit. The economic
disbenefit conditioned by temporary or constant
loss of earning capacity, untimely death because
of hypertension complications, ischemic heart
disease and cerebrovascular diseases,   only in
1999 made about 29,3 billion roubles, and by
2005 it had increased by an order greater.

The world’s experience points at present
abilities of increasing human and material losses
because of the specified diseases; one of them
serving as primary and secondary prevention
measures,  which  represent  a  promising  area  of
health care. As the theoretic foundation of

preventive measures all over the globe now the
concept of disease development risk factors
stands out. The success of this concept
application which is the framework of “the
second antiepidemic revolution” (screening –
examination with risk groups revelation) is
definite. In many economically developed
countries the morbidity and death rates because
of cardiovascular diseases have decreased.
However, the appearance of risk factors
themselves inaugurates the developed pathologic
process which so far has not taken the form of a
specific nosologic disease. This complicates
carrying out primary preventive measures of
chronic somatic diseases. It should be also taken
into account that the correction of high risk of
chronic somatic disease development more often
than not calls for the necessity of pharmacologic
preparations  use.  First,  it  is  unlikely  to  be
efficient in the population level, and second, from
the carried out research of such countries as
Sweden  and  the  USA it  is  seen  that  present-day
therapeutic agents have no affects on chronic
non-infectious disease death rate [1,2].

Thus, it appears to be of current interest to
form a new conceptual avoidance and treatment
policy that would allow preventing not only the
risk of somatic pathology development, but also,
in the conditions of the developed pathology,
planning methods and principles of chronic non-
infectious disease medical rehabilitation
pathogenetically wisely.

By now certain scientific data in various
fields of medical knowledge which are the
precondition for creating a new strategy of
prevention and treatment of chronic non-
infectious diseases, that is: the ontogenetic
medicine model of Dilman V.M. [4], the
hypoergosis notion formulated by Yefuni S.N.,
Shpektor  V.A.  [5]  and the stress  theory of  Selye
G. [11], have been cumulated.

The basic thesis of the ontogenetic model
is the statement about the fact that the main non-
infectious human diseases are formed in
ontogenesis under the effect of growth and
development factors (somatotropic hormone,
placental lactogen and others) which don’t
disappear with their finishing, but affect with a
specific constancy. By now it has been known
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that a somatotropic hormone (STH) possesses an
acute insulinoid and chronic contrinsular effects
[6]. That is why it is not difficult to suppose that
even in a healthy organism under the effect of
STH with the course of time inhibitory
mechanisms of partial limitation of glucose
uptake by the cells and tissues of an organism are
formed, in other words – a diabetogenic state
comes into being. The presence of diabetes of the
II type in acromegaly patients confirms this fact.
However, in 1981 Yefuni S.N. and Shpector V.A.
offered to bring the term “hypoergosis” [5],
having subdivided it into hypoxic, enzymatic and
substratic ones, into the classification of
hypoxias. In the opinion of the denoted authors,
an  energy  failure  of  cells  and  tissues  of  the
organism lies in the basis of hypoergosis. The
substratic hypoergosis conditioned by the lack of
substrate in the cell can realize the three main
pathogenetic directions of human chronic non-
infectious diseases:

1) Citric acid cycle, glycolysis,
gluconoegenesis in all live systems, as a rule, are
in the costate; the energy system of the cell being
defined by the correlation of nucleotides –
adenosinediphosphate – adenosinetriphosphate –
adenosinemonophosphate (ADP-ATP-AMP) [7].
In case of ATR synthesis on any of the reasons
(lack of substrate, oxygen or enzyme), and as a
result, its decreasing in the cell, a disequilibrium
of  the  cell’s  energy  system  towards  ADP
increase, that leads to the glycolysis key enzyme
– phosphofructokinase, activation. This enables
to keep up a sufficient cells’ energy potential, but
only on account of the glycolysis system. The
provider of energy substrates for the glycolysis is
a gluconeogenesis. A by-effect of the glycolysis
is lactate accumulation – lactacidosis. From now
forth, with decreasing of acetyl coenzyme A
(CoA) derivative, in the Krebs cycle its
accumulation takes place which leads to the
synthesis of β-oxy-β-methylglutaryl-coenzyme-A
(OMG-CoA) from the three CoA molecules. The
OMG-CoA is converted into mevalonic acid
which is a cholesterol precursor. From the mode
of the OMG-CoA formation the reaction can go
either towards cholesterol synthesis or towards
ketone bodies formation. Ketoacidosis appears,
i.e. β-oxidation of aliphatic acids in the liver
activates, and fatty energy way starts prevailing.
Gluconeogenesis supposes albuminolysis as well.
The immune system albumin, being the most
mobile one, splits at that causing

immuneogenesis changes [4]. The inhibitory
mechanisms of partial limitation of glucose
uptake, which initiate the formation of substrate
hypoergosis, stimulate hyperglycemia and
hyperinsulinemia, that activates cholesterol,
triglycerides and lipoproteides synthesis in the
liver. The activation of β-oxidation of aliphatic
acids and intensification of cholesterol synthesis
out of mevalonic acid as well as the direct
mobilizing effect of somatotropic hormone on the
lipolysis lead to lipid accumulation in the
immune system cells, that results in the inhibition
of cellular immunity and promotion of humoral
one. The accumulation of lipids on thrombocytes
leads to activation of thromboxane and
exhaustion of prostacyclin [4];

2)  Founding on the stress concept of
Selye G. [11] a series of stereotyped adaptive
reactions intended to provide the defence of the
organism appears in vivo in response to any
alterations requiring its working capability
increase. The totality of these defence reactions
got the name of “general adaptive syndrome”, or
“stress” for short, and the factors causing it were
denoted as “stressors”. The pathological
processes appearing because of the stressors’
action Selye G. denoted as adaptation diseases.
Hypoxia is known to be one of the most powerful
stressors. But as long as in the competence of
Krebs cycle three interchangeable factors matter
–  adequate  content  of  CoA,  enzyme  and  О2, the
decrease or absence of one of these factors lead
to the ATP synthesis disorder, that activates the
nonspecific stress and adaptation mechanisms
through hypothalamus, pituitary and adrenal
cortex. That is why the lack of metabolic
substrates (substrate hypoergosis) or enzymes
(enzyme hypoergosis) can be referred to stressors
quite as much as hypoxia, with the only
difference – the first two factors affect mostly in
delayed mode, i.e. chronically or subacutely, and
hypoxia, most commonly, - acutely.

Thus, proceeding from the statement that
hypoergosis being a powerful endogenic stressor
naturally promotes the nonspecific “adaptive”
brain and body system and gives rise to
adaptation diseases within the frame of the
general adaptive syndrome formation. This
scheme can be introduced as follows: a powerful
endogenic stressor – substrate or enzyme
hypoergosis promotes releasing of –
hypothalamic hormones which, in their turn,
activate  pituitary  hormones  (ACTH,  STH,  TTH
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and others), and the last, in their turn, provokes
the discharge of stress hormones (cortisol and
mineralcorticoids). Therefore, the hypoergosis
patient’s body lives in the state of constant
chronic  stress.  In  the  course  of  time  it  results  in
appearing of a pathologic state resembling
“cushingoid” – fatty degeneration of face and the
upper part of the body, disorders of hydro-
electrolytic metabolism, emergence of hydrops,
peripheric vessels spasm and arterial tension rise,
secondary kidney ischemia with rennin-
angiotonin-aldosterone system agitation;

3) Following the concept of Yefuni S.N.
[5] about hypoergosis as a state when not a
decrease,  but  vice  versa  –  an  increase  of  О2
tension in the cell, i.e. hyperoxia, takes place, it is
necessary to give consideration to this complex
of hypoergosis pathogenesis mechanisms.

The cell hyperoxia provoking the
processes of lipid peroxidation (LPO) appears as
the  result  of  a  surplus  content  of  О2 in  the  cell
because of its abated utilization. The formation of
О2 active forms, being more powerful oxidation
agents than molecular oxygen, is one of the most
important conditions for the LPO processes
running [8,9,10]. The formation of О2 active
forms is the consequence of an incomplete
single-electron (О·), two-electron (Н2О2 ) or
three-electron (·ОН) electronation instead of the
complete four-electron one resulting in water
formation. The process of complete reduction of
О2 to  Н2О is more energy dependent than the
processes of incomplete reduction; that is why it
becomes clear that the formation of О2 active
forms comes into being in particular with the
deficit of energy substrates and finally – ATP.
Hyperoxia not only initiates the processes of
LPO, but also changes the DNA structure,
damages collagen, hyaluronic acid, exhausts the
antioxidant system, provokes the activation of
arachidonic acid synthesis with the formation of
prostaglandins, leukotrienes and interleukins
[4,8,9,10].

These are the principle directions of
pathogenetic mechanisms of main non-infectious
diseases. However, with the formation of chronic
diseases one can find both common features
typical of this whole group of diseases, and
specific features of pathogenesis characterizing a
certain disease. For example, for atherosclerosis a
typical and prevailing mechanism of
pathogenesis is the cell hyperoxia with the
formation of О2 active forms which initiate the

LPO processes on cells’ membranes. It is the
primary damage of the intima of arterial vessels
and cells’ membranes that underlies
arteriosclerosis, and only then the process of
atherosclerosis plaque deposits to the damaged
vessels’ intima associated with lipid metabolism
disorder, nascence of immune lipid complexes
conditioned by glycolysis and gluconeogenesis.

The pathogenesis of obese diabetes is more
complicated. Chronic or subacute hypoergosis
leads to hyperglycemia and hyperinsulinemia
which,  in  the course of  time,  forms resistance to
insulin receptors. This, early or late, results in the
atrophy of β-cells of the pancreas. Being a
powerful stressor, hypoergosis leads to activation
of the adaptive system with the increased
synthesis of contrinsular hormones which
stimulate glycolysis and gluconeogenesis and, as
the result, fatty energy way (β-oxidation of
aliphatic acids) starts prevailing. Lactacidosis and
ketoacidosis grow. Arteriosclerosis is in progress.
The cell hyperoxia leads to micro- and
macroangiopathies. Glycolysis and
gluconeogenesis provoke immune disorders.

Arterial hypertension has more simple
mechanisms of pathogenesis. Hypoergosis, being
a powerful endogenic stressor, activates the
adaptive system, leading to a chronic discharge
of stress hormones which define the peripheric
vascular effects, stimulate pressor albumin
factors synthesis by a vascular wall
(neuropeptide-Y, endotelines 1,2,3). Psycho-
emotional factors (stressors) also have a definite
significance.

In  the  basis  of  the  ischemic  heart  disease
appearing mechanisms also hypoergosis lies and
it initiates the LPO products’ and boosters’
[8,9,10] membrane damaging action and is
mediated by the following mechanisms:

1. By the LPO over activation conditioned
by the cell hyperoxia when a considerable part of
membrane phospholipids is subject to
peroxidation degradation and lipid phase of the
membrane becomes more rigid. It limits the
conformation mobility of the polypeptide chain
and, as the result, the capacity of enzymes,
receptors and canal forming albumins built into
the membranes, decreases. The formation of
interlipid, interalbumin and lipid-albumin cross-
links on account of cooperation with secondary
LPO products and, in particular, with malonic
dialdehyde, promotes it. Such course of events
being attended, for example, by the inhibition of
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sarcoplasmic reticulum Ca-ATPhase activity
leads to failure of Са2+ removal from sarcoplasm
and realization of damaging action of this cation
excess over cardiac myocytes [8,9,10];

2. The Са2+ intracellular concentration
increase promotes the intensity of this cation
penetration into the cell from the ectocytic
medium. It is connected with the fact that during
the LPO process in the water-repellent “tail” of
an aliphatic acid there appears a hydrophil peroxy
group. If complexes of such oxygenized
phospholipids in every of the membrane’s
monolayers turn out to be located one opposite
the other, then canals of hyperpermeability
(clusters), which are permeated, in particular, for
Са2+, are formed.

The overincrease of such clusters’ amount
can become the foundation of fragmentation and
destruction of the sarcolemma membrane and
sarcoplasmic reticulum;

3. The appearance of a hydrophil peroxy
groups’ membrane lipid bilayer in the water-
repellent area kind of “loosens” this area and
makes the present in it albumin components more
penetrable for proteolytic enzymes. It promotes
the destruction of  bio-membranes as well;

4. The direct oxidation of sulfhydryl
groups in active enzyme centres, enzymes as
well, located in membranes leads to the
activation of these enzymes and the membranes’
permeability increase;

5. The destruction of the substances
possessing antioxidant activity (vitamins,
steroids, ubihinon).

A very important conclusion follows the
above said: thanks to the unbalanced LPO
activation induced by free oxygen radicals, the
plasmalemma, as well as the membranes of
intracellular organelles – chondriosomas,
sarcoplasmatic reticulum and lysosomas
breakdown happens. It leads to the inhibition of
oxidative phosphorylation and Са2+

transportation, releasing lysosome autolytic
enzymes, deep functional disturbance and,
finally, nectrocytosis.

Thus, on the basis of the offered model –
hormone-adaptive-metabolic imbalance of the
body,  it  seems  to  be  possible  to  state  its
fundamentals, and also the concept of the
avoidance policy and treatment of human chronic
non-infectious diseases.

1. In the root of human chronic non-
infectious diseases emergence a substrate

hypoergosis – a chronic energy deficiency of
cells, systems and organs, lies.

2. The main etiologic factors initiating
hypoergosis seem to be the factors of growth and
development (STH, PL and others), in the result
of chronic action of which inhibition mechanisms
of partial glucose and amino acids transportation
and utilization limitation.

3. STH, possessing chronic contrinsular
action, performs conformation changes of cells’
and vascular membranes, that leads to the
breakdown of glucose and amino acids
transportation and utilization, that, after all,
results in the complex of compensatory- adaptive
reactions of the body aimed at enhancement of its
energetics.

4. A side product of compensatory-
adaptive  reactions  of  the  body,  aimed  at  its
homeostasis restoration, i.e. a means of
realization, is the body’s homeostasis hormone-
adaptive-metabolic imbalance leading to the
accumulation of semi-oxygenated metabolic
products.

5. As the result of the forming hormone-
adaptive-metabolic imbalance of the body, the
energy mode changes lawfully, stepping
gradually from energetically beneficial aerobic
oxidation of metabolic substrates to a less
beneficial – anaerobic way of glucose oxidation,
that leads to the accumulation of products of
damaged metabolism and adaptation diseases
formation.

6. The substrate hypoergosis is the main
“basic” pathogenetic factor forming chronic
energy deficiency in the body, and the
manifestation of chronic non-infectious diseases,
apparently, is realized both with the help of risk
factors and with the help of various external
“permitting” stress factors (smoking; alcohol
overindulgence; adynamy; overconsumption of
saturated fats, hydrocarbons, salt; psycho-
emotional stress, chronic infection and others).

Methods and principles of treatment and
prophylaxis of substrate hypoergosis are based on
these statements; they including the following
measures:

1. Appropriate motor regime, removing
insulin resistance of cells’ membrane receptor
apparatus, which appeared against the
background of adynamy and chronic action of
STH.

2. Rational balanced diet with enough
accessory food substances and antioxidants,
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unsaturated fats, trace substances, dietary fiber,
pectin, and other components.

3. Strict control of patients’ weight,
excluding risk factors.

4. Administration of individually tested
medicaments from antioxidant and antihypoxant
groups on the method of Foll R. in case of a
pathological process manifestation.

5. Regulatory and traditional therapy
(multiresonance and bioresonance therapy,
homeopathy,  reflex therapy, manual therapy,
tripsis, phytotherapy, leech therapy, apitherapy,
exercise therapy, respiratory gymnastics and
other kinds of medical rehabilitation.

6. If necessary, a palliative care
(disaggregants, vascular, neuroprotective,
neurotrophic antihypertensive drugs and others).

The offered measures of prophylactic and
rehabilitation actions should be carried out on the
patients permanently, without intermission,
because the main pathogenetic factor “substrate
hypoergosis” functions in the human body
chronically on constant conditions.

Thus, the offered concept can be a
theoretic foundation for the realization of priority
national projects in the field of human chronic
non-infectious diseases prophylaxis and
treatment.  It will allow putting the principles of
prophylactic and remedial treatment of
atherosclerosis, hypertension disease, ischemic
heart and brain disease, diabetes of the II type,
metabolic immunosuppression, etc. into practice
pathogenetically intelligently and highly
effectively.
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EVALUATION OF THROMBOCYTE
CAPACITY AS METHOD OF EARLY
DIAGNOSTICS OF HEMORRHAGIC
SYNDROME AT CRIMEAN-CONGO

HEMORRHAGIC FEVER
Lazareva Ye.N., Samotruyeva M.A.
Asrakhan State Medical Academy

Astrakhan, Russia

Nowadays in the Southern regions of
Russia, as well as in Astrakhan Region, a steady
incidence rate of Crimean-Congo hemorrhagic
fever (CCHF) is marked (Maleyev V.V.,
Sannikova I.V., 2005); up to 9% of fatal cases of
the disease being registered (Maleyev V.V.,
2003), the root of which is in deep
hemocoagulation disorders. According to the
modern data, the initiating role in the
pathogenesis of hemorrhagic syndrome and
thrombotic complications at many infectious
processes is played by thrombocytes (Polyakova
A.M., 2000).

With the purpose of carrying out a modern
and appropriate pharmacological correction of
hemostasis  disorders  at  CCHF  there  appeared  a



CONTENTSMedical and Biological sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

100

necessity to define the capacity of blood platelets
during the acute period of the disease. To solve
the specified problem clinical-laboratory trial of
20 patients was carried out on the basis of
Astrakhan State Medical Academy and Regional
Clinical Infectious Hospital, Astrakhan, from
May till August, 2005. The patients’ average age
was 56,6±4,16 years old. The disease proceeded
in the form of average severity (62%) and severe
(38%) forms. The diagnosis was made on the
foundation of a complex of anamnestic,
epidemiological, clinical-laboratory data and was
serologically verified in the IFA reaction to the
CCHF virus antigen with the antibody titer of
1:800 –1:1600. Counting of platelets in the
venous blood and the analysis of their
aggregative ability were carried out on the
analyzer NFP BIOLA (model 230LA). The
platelet capacity was evaluated in aggregation
value  (V  %)  and  speed  (S  %).  ADP  in  the
concentration of 2,5 mcMol was chosen as an
inductor.

In 70% of the patients clinical implications
of hemorrhagic syndrome in the form of intensive
hemorrhagic rash on skin integuments and
gingival bleeding were marked. In peripheral
blood platelet number decreased up to
71,2±5,9х109/l, and in venous one – up to
48,5±4,6х109/l; it being 17,7х10х9/l in single
cases.

The  research  results  showed  that  the
aggregation value (V%) was strongly decreased
as compared to the control values (4,02 ± 0,7 и
24,3±1,4 при р<0,0001), and the time (Tv)
during which platelet activity reached its
maximum reduced to 1΄25″±0,6 from the regular
one of 4΄01˝±0,5. The aggregation speed (S) was
authentically decreased twofold from the control
values (7,2±0,5 and 4,3±1,3 accordingly,
р<0,0001), and the time (Ts) of reaching its
maximum - decreased (20˝±1,8 against 12˝±0,4,
р< 0,05). The aggregates were of small radius
(3,5±0,23), while in  donors it was equal to
6,5±0,7. The discharge reaction of own agonists
in the platelet granules was not registered on all
the occasions, that gave evidence of the release
failure or their absence.

Thus, considerable disorders of hemostasis
thrombocyte link in CCHF patients were found
out  in  the result  of  the research.   Perhaps,  it  is  a
leading cause of the hemorrhagic syndrome
development. That is why, when admitting
patients to the hospital, it is necessary to define

the platelet capacity for carrying out the
appropriate pathogenetic therapy.

The  article  is  admitted  to  the  III
International congress “Practising doctor”, Russia
(Sochi), April, 10-12th, 2007, came to the
editorial office on 03.03.07

METABOLIC AND CIRCULATORY
DYNAMICS DISORDERS IN TEENAGE

GIRLS WITH OLIGOMENORRHEA AND
SECONDARY AMENORRHEA

Levenets S.O., Nachetova T.A.
Vvedenskaya T.S.

Institute of Child and Teenager Welfare AMS
of the Ukraine

Kharkov, Ukraine

Disorders of menstrual function like
oligomenorrhea (OM) and secondary amenorrhea
(SA) in teenage girls in most cases are attended
by disorders of the cardiovascular system and
lipid metabolism functional state. The lipid
profile study showed the existence of
dyslipidemia of atherogenic character in the
majority of patients with the specified pathology.
Central circulatory dynamics disorders took place
in more than 80% of the cases, only in 6% of the
patients the showings characterizing uterus and
ovary blood supply fell within the limits of the
norm.

Purpose of the work: finding heart, uterus
and ovaries vessels Doppler investigation
complex of showings for an individual
circulatory dynamics state evaluation. For the
realization of the purpose Doppler investigation
of  the  heart  and  vessels  of  uterus  and  ovaries  in
92 patients with OM and SA was carried out. The
estimation of diagnostic value of the obtained
showings was carried out according to the
system-information analysis of Vald.

The main diagnostic markers of a
circulatory dynamics system disorder were:
myocardial thickness less than 5mm (yes – RQ =
+6; no – RQ = -0,4), fraction of cardiac output
less  than  63% (yes  –  RQ =  +6,5  ;  no  –  RQ =  -
2,9), systole blood velocity of the left atrium
more than 80сm/sec (yes – RQ = +6; no – RQ = -
0,4), relaxation time of the left ventricle more
than  0,06  sec  (yes  –  RQ =+5,6;  no  –  RQ =  -3),
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systole blood velocity (SBV) in the uterine artery
less than 30 сm/sec (yes – RQ = +6; no – RQ = -
1,5), SBV in the right ovarian artery less than 30
сm/sec (yes – RQ = +8; no – RQ = -2,8), SBV in
the left ovarian artery less than 30 сm/sec (yes –
RQ  =  +7;  no  –  RQ  =  -4,3),  difference  between
SBV in the uterine and the right  ovarian arteries
more than 10 сm/sec (yes – RQ = +9,4; no – RQ
=  -1,8),  difference  between  SBV  in  the  uterine
and the left ovarian arteries more than 10 сm/sec
(yes – RQ = +10,4; no – RQ = -2,3), difference
between SBV in the right and left ovarian arteries
more than 10 сm/sec, (yes – RQ = +6,7; no – RQ
= -0,8).

The  sum  (-13)  testifies  to  the  absence  of
circulatory dynamics disorders, from (-13) to
(+13) – to the initial manifestations of the
disorders, the sum of more than 13 testifies the
existence of evident disorders which require
medicamental correction and physiotherapy. The
correction of the specified circulatory dynamics
disorders in the teen age in patients with OM and
SA will allow preventing serious functional
disorders of the cardiovascular system.

The  article  is  admitted  to  the  III
International congress "Practising doctor", April,
10-12th, 2007, Russia (Sochi), came to the
editorial office on 16.03.07

PSYCHOPHYSIOLOGICAL STATE OF
NAVAL SPECIALISTS IN THE PERIOD OF

ACUTE ADAPTATION TO SERVICE
UNDER CONTRACT

Mosyagin I.G.
North State Medical Universit

SRU of Naval Medicine
Arkhangelsk, Russia

The present-day Navy change-over to
preferential recruiting specialists doing military
service under the contract sets the problem of
various ranks navy soldiers’ adaptation process
in-depth study. While analyzing the research
results of the naval specialists’ psycho-
physiological state the ranking on the ground of
their military status was used. Depending on the
type of business before entering into the contract
there were the following groups distinguished: 1)
specialists who were called-up to serve in the

Navy 12 months ago (n=170); 2) persons who
had their first contract closed  (n=90); 3) military
retirees (n=100). The research was carried out
within 2 years after entering into the contract in 4
stages: primary – at making the contract, and then
in 6, 12 and 24 months of the service.

It has been established that the most
difficult period of psychological adaptation to
military service under contract for the first group
persons was the interval between 6 and 12
months of service, which is characterized by
considerable lowering of emotional stability
levels (by  46,4%), moral dynamism (31,1%),
assertion (34,8%). The second year of service of
the first group persons was attended with positive
personal traits changes: growth of emotional
stability levels (by 42,3%), moral dynamism (by
33,3%), assertion (twofold) and was the of
psychological adaptation acute phase completion.

The efficiency, stability and reaction rate
index dynamics was characterized by the
following: compared to the primary research, in 6
months of service the levels of the specified
showings of the first group military servants
decreased, in 12 months of service the evidence of
the specified features decrease was maximal, in
24 months of service the efficiency, stability and
reaction rate levels increased considerably. The
process of adaptation to service under contract for
the first two years was attended with authentic
(p<0,05) lowering of adaptive capacities,
neuropsychic resistance, communication
potential, professional suitability and with moral
norm decrease tendency by the end of the first
year of service. In the consequence of the
comparative analysis of electroencephalogram
(EEG) average value showings, compared to the
results of the primary survey, in occipital
derivations authentic (p<0,05) α-rhythm
frequency (within normal diapason), oscillation
amplitude, with preservation of reactions to
overventilation, closing and opening eyes, and
index reduction, that should be evaluated as brain
adaptation process inhibition and lassitude
development, have been established in 12 months
of  service.  In  two  years  of  service  the  α-rhythm
amplitude and frequency in the occipital
derivations grew and reached the index level at
primary survey.

In the survey consequence by the second
year of service the maximal alteration of the
majority of the showings characterizing
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psychophysiological state has been established in
the persons of the second group. The process of
adaptation to service under contract in the second
group military seamen within the first two years
was attended with authentic (p<0,05) lowering of
neuropsychic resistance by the end of the second
year of service. No authentic difference between
the stages on the levels of adaptive capacities,
communication potential, professional suitability
and moral norms were established. As a result of
the comparative analysis of average EEG
showings  in  2  years  of  service,  compared  to  the
results of the primary survey, in the occipital
derivations authentic (p<0,05) α-rhythm index,
frequency and amplitude decrease was registered.
No significant differences in amplitude and
frequency EEG characteristics in the interim
stages of the investigation were established.

The  first  two  years  of  service  among  the
military seamen of the second group were
characterized by authentic (p<0,05) growth of
moral dynamism (by 27,0%), self-sentiment
(more than twofold), recollection, vigour and
energy (на 26,4%), compliance and latitude to
people (more than twofold). The level of
emotional stability increased authentically
(p<0,05) in 12 months of service, but then
decreased considerably. As the result of formally
dynamic personal properties evaluation the
essential decrease of psychomotor (by 13,4%),
intellectual (by 11,1%), communicative (by
7,2%), general energy (by 10,6%), and also the
decrease of general emotionality (by 10,0%) and
general adaptiveness (by 11,1%) in 24 months of
service have been established in the second group
persons.

In the result of the survey the maximal
alteration of most of the showings characterizing
psychophysiological state has been established in
the third group persons in 6 months with the
tendency of stabilization, compared to the prior
data, by the end of the second year of service.
Thus, the stability of nervous processes balance
has decreased by 24,8% in 6 months of service,
compared to the primary survey. Then the
specified showing increased authentically
(p<0,05) by 21,8% (3 stage), and then – 9,8%
more.

In the result of the comparative analysis of
average EEG value showings, compared to the
primary survey results, in the occipital derivations
authentic (p<0,05) α-rhythm index decrease has
been registered in 6 months of service. In two
years of service α-rhythm amplitude and
frequency indexes in the occipital derivations
grew and reached the level of the primary
investigation values. No authentic differences
between amplitude and frequency EEG
characteristics between the 1 and 3, 2 and 3, 3 and
4 stages of the investigation has been established.

As the result of formally dynamic personal
properties evaluation the essential decrease of
psychomotor (by 6,3%), intellectual (by 11,1%),
communicative (by 12,7%), general energy (by
12,0%), and also the decrease of general
emotionality (by 12,3%) and general
adaptiveness (by 15%) levels have been
established in the contract service adaptation
dynamics in the third group persons in 6 months
of service.

Thus, the period of acute adaptation to
service under contract in naval specialists passes
within the space of two years and is attended by
an essential (p<0,05) α-rhythm amplitude,
frequency and index lowering in occipital
derivations of brain, adaptive capabilities
decrease and lassitude state development: in 6
months – in retirees who entered into the contract
again; in 12 months – in military seamen who
entered into the contract after one year call-up
liability. For naval specialists, who prolong the
contract, the adaptive capabilities level decrease
within 24 months of service under the second
contract is typical.

The article is admitted to the II conference
«Basic researches in biology and medicine»,
Montenegro, June, 8-15th 2007г., came to the
editorial office on 17.03.07
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SEASONAL ACTIVITY CHANGES OF
CARBOHYDRATE-ENERGY AND
PROTEIN METABOLISM TISSUE

ENZYMES IN BLOOD OF NON-ADULTS
LIVING IN CONDITIONS OF A PLAIN

Nikitina V.V., Abdulnatipov A.I.
Sharapkikova P.A.

Dagestan State Medical Academy
Makhachkala, Russia

The ability of enzyme systems to
adaptation underlies the adaptive reactions of a
body to various factors’ actions, natural climatic
one among them; that is why, on the ground of
the data for this occurrence, one can characterize
the adaptive abilities and homeostatic forces of a
body in different age on the level of enzyme
systems.

In this respect we have investigated the
activity indexes of some enzymes of
carbohydrate-energy and protein metabolism in
blood of children and teenagers. The objects of
the research were children and teenagers living in
the city of Makhachkala.  To carry out the
research in the age aspect 70 learners of 9, 11, 13,
14 and 17 years old were selected.

When compared in autumn and spring the
activity of both general and isozyme lactate
dehydrogenase in the blood of non-adults, living
in the conditions of a plain, a specific law in
changing of these figures is observed. This law is
reflected in the fact that the activity of general
lactate dehydrogenase in autumn period is
notably higher in the investigated age periods.
The activity of isozymes in non-adults’ blood
changes similarly to total activity of lactate
dehydrogenase. The results of the research on
defining glucose-6-phosphate dehydrogenase in
blood serum of non-adults, living in conditions of
a plain, in autumn and spring showed the highest
level of the enzyme activity at the age of 9: in
autumn - 400 ± 7,3 mE/l, and in spring - 390 ±
3,53mE/l. In the following age periods the
enzyme activity changes ambiguously. At the age
of 11 a considerable glucose-6-phosphate
dehydrogenase activity decrease is registered; in
spring this enzyme activity decreasing much
more than in autumn and makes in autumn - 260
± 8,1mE/l, and in spring - 191 ± 2,7mE/l. In
teenagers of 13 and 14 in autumn the glucose-6-
phosphate dehydrogenase activity increases
considerably compared to the previous age group.
In teenagers of 13 the activity of glucose-6-

phosphate dehydrogenase increases in spring, and
at the age of 14 somehow (р<0,05) decreases
compared to the previous age group. At the age
of 17 the activity of this enzyme decreases again
(р<0,05) compared to the previous age group and
makes in autumn 360 ± 4,7mE/l,  and in spring -
290 ± 3,1mE/l. The activity of
alaninaminotransferase in the blood of non-
adults, living in conditions of a plain, in autumn
and spring during the investigated age periods
suffers specific changes which lie in the fact that
at the age of 9 the enzyme activity is low: in
autumn - 7,1 ± 0,6 mE/l, and in spring - 6,7 ± 0,7
mE/l. In the following age periods (11, 13 and 14
years old) both in autumn and spring the enzyme
activity decreases practically evenly. At the age
of 17 the alaninaminotransferase activity
decreases inconsiderably compared to the
previous age group and makes in autumn 16,5 ±
0,9mE/l, and in spring - 16,0 ± 1,7mE/l. The
aspartataminotransferase activity research results
show that the activity of this enzyme decreases
essentially both in autumn and in spring by the
age  of  14.  In  autumn  in  teenagers  of  14  this
enzyme activity makes 21,5 ± 1,3 mE/l instead of
12,5 ± 1,3 mE/l in 9-year-old children. In spring
the aspartataminotransferase activity in teenagers
of 14 makes 20,9 ± 2,9 mE/l instead of 11,9 ± 1,1
mE/l in 9-year-old children. At the age of 17 the
enzyme activity in the blood of teenagers
decreases insignificantly (р>0,05) compared to
14-year-old teens and makes in autumn 20,1 ±
1,1mE/l, and in spring - 19,5 ± 1,5mE/l. The
results of the research on defining alpha-amylase
activity in different age periods show that the
activity of this enzyme in the blood of non-
adults, living in conditions of a plain, both in
autumn and in spring suffers no essential
changes. Thus, in autumn the activity of alpha-
amylase in children of 9 years old made 3,51±
0,41 mE/l, and at the age of 17 - 2,75 ± 0,35mE/l.
In spring the alpha-amylase activity in children at
the age of 9 made 2,9 ± 0,4 mE/l, and at the age
of 17 – 2,08 ± 0,9mE/l.

The article is admitted to the International
Scientific Conference “Homeostasis and
infectious process”, Moscow, May, 14-16th
2007г, came to the editorial office on 19.03.07
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ADVANTAGES AND DISADVANTAGES
OF ENERGY PLENTIFUL SUPPLY IN

ANIMALS’ ORGANISM
Testov B.V.

Perm State University
Perm, Russia

In  cells  of  an  animal’s  organism  the
process of metabolic glucose oxidation is
constantly going on and ATF molecules, which
provide all biochemical reactions in the cell with
energy, are being synthesized. The process
providing the most effective energy generation is
respiration. The respiration intensity is
determined by the amount of oxygen and glucose
which  are  delivered  to  cells  by  blood.  At
intensive loadings on the body animals intensify
their breathing, but within relatively little limits.
There is an opportunity to increase energy
production by the cell on account of glycolysis
(anaerobic lysis of glucose) intensification, which
is  carried  out  in  cytoplasm  of  the  cell  and
depends only on glucose availability. At large
energy consumptions the body uses this method
for the process of energy intensification, but it is
of very little effect. At glycolysis a considerably
less amount of ATF molecules appear. The
energy intensification on account of glycolysis
leads to sharp fall of glucose supply and
biological accumulation of lactic acid.

Meanwhile, the success of the struggle for
existence among dapper animals is governed in
many ways by their speed. As distinct from
plants, which are firmly pegged to one and the
same place, animals use shelters, which often are
located  far  from  the  source  of  food,  for  their
being safe. Besides, individual selection, when
the struggle for  a  sparring partner  takes place,  is
very popular among animals. And intraspecific
and interspecific competition for the niche of
habitation demands from animals a great deal of
energy  expense  in  the  short  run.  That  is  why  an
energy storage formation method appeared in
higher animals. The accumulated energy fund
allows for a comparatively short period of time
consuming the energy, which manifold excels the
energy created during the same period in the
animal. For quick consuming the energy fund it
should be stored in the form of made-up ATF
molecules. Understanding this problem, scientists
had been trying for long to find in the body a
depot of ATF molecules, from where these
molecules could be delivered to working cells by

the blood flow. However, no ATF molecules
were detected in the blood.

We paid attention to gap junctions between
cells which were demonstrated in 1958.  The gap
junctions represent an interspace between cells
about 3mcm wide, which take part in intercellular
communication. The research showed that
through the interspace made inorganic ions and
other small molecules can pass from one cell into
the cytoplasm of another one, promoting electric
and metabolic coupling.  The passage occurs by
means of membrane connexons of neighbor cells,
which  form  a  continuous  water  canal  of  a
comparatively small diameter at closed butt joint.
For long the necessity of such junctions for
germinal cells remained unclear, though the
junctions were observed in early stages of
embryogenesis already. The destination of gap
junctions can be explained if taking into account
that through the connexons cells can exchange
ATF molecules which have a small enough size.
At shortage of self-energy the crying out for
energy cells can get the ATF molecules from
other cells which are performing energy
transporting functions. The cells providing the
energy transportation must be multiple, have a
small diameter and possess the chondriosome
system which is able to synthesize ATF. To
perform such a mission small lymphocytes are
the most appropriate as they are able to penetrate
practically into all points of the multicellular
organism. A small lymphocyte is a round cell
with the diameter of 5-8 mcm and high nuclear
cytoplasmic ratio. There is a very little amount of
chondriosomes and ribosomes in the cytoplasm.
The sizes  of  a  small  lymphocyte provide a  great
penetrative capacity. It allows the lymphocyte to
penetrate into all systems of the body promoting
energy demands of actively self-duplicating cells.

So, we think that energy storage is formed
as accumulation of lymphocytes which, as
required, get to the most desperately crying out
for complementary energy cells and give them
the made-up ATF molecules through the gap
junctions. The complementary energy gets to the
cells through the lymphatic system. For the
storage formation a recurrent increase of the
number of lymphocytes able to produce ATF
molecules is necessary.

Such an increase seems to occur during the
rest time (sleep) which any animal needs so
much. For long we considered that sleep is
needed by a human to let brain cells have a rest.
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However, the need of sleep can be explained also
by energy recharge of the body. In the night’s
repose period the body decreases muscles and
brain blood supply and intensifies blood flow
through the lymphatic system promoting the
lymphocytes duplication process intensification.
Preferentially it occurs during the night’s repose.
But often the human falls asleep in the day time
also, especially after heavy physical activity and
rich meal. It is connected with energy
redistribution in the body. Thus, the body
controls energy flows providing the most needy
organs and tissues in the specified period of time.
The night’s repose is the most appropriate period
for the promotion of total energy reserve used
during the oncoming working day. The more
lasting sleep is common for children and young
people who possess a great energy reserve. It is
not occasionally that getting old the human starts
lying wakeful at night that testifies to a little
energy reserve and the body’s ruin risk increase.

A great energy reserve is the cause of
high radiation sensitivity.

It is known that mammals and birds are the
most sensible to ionizing radiation. All
poikilothermic animals are more radiation-proof
several  times  as  much.  It  is  connected  with  a
large reserve of energy in homoeothermic
animals which provides them a year-round
activity under any conditions. The calculations
suggest that when exposed to the lethal dose of
irradiation, mammals die from the energy which
promotes heating up of the body by 0,002 ОС as a
whole. At the same time, when exposed to
radiation, the body’s temperature increase of all
mammals by 1-5оС is registered. Such heat
production increase can be provided only on
account of energy reserve of the body itself.
Death of animals happens for the reason that the
energy reserve, which the body must consume for
the day-time, turns into heat proportionally to the
irradiation dose when exposed to irradiation. At
small radiation doses a little temperature increase
occurs that is not dangerous and even useful
sometimes. At large radiation doses the
temperature  rise  leads  to  heat  shock  and
necrocytosis. For this reason hyperthermia of the
body during the radiation leads to radiation
damage intensification, and hypothermia at the
time of radiation creates the protective effect.
High sensitivity of self-duplicating cells is
conditioned by the fact that all dividing cells
possess high energy. The hydrolysis of a

multitude of ATF molecules leads to a
considerable temperature rise that causes
necrocytosis. And a delay of the dividing after
radiation can be explained by inactivation of the
chondriosome multitude and deficiency of ATF
molecules which are necessary for mitosis.

Energy reserve in vivo is the cause of
frequent virus infections.

The inflow of microbes into the animal
body usually is considered as an aggression. And
though the body tries hard to get rid of the
“unwelcome visitor”, the microbes have adapted
for the introduction and propagation in the cells
of higher organisms. What attracts a virus to the
introduction into the cells of a higher organism?
The variant of using the higher organism genome
replication for the virus genome replication
seems to be probable. The matter is that to double
the genetic information before its self-duplication
the cell has to synthesize an enormous amount of
complex organic compounds. It needs a lot of
metabolic costs. The genetic material replication
occurs only at mitosis. It is determined by the
higher organism demands, and the organism
regulates the dividing process in accordance with
the development program. The most intensive
mitosis occurs in the young organism (children).
When introduced into a child’s organism there
are more chances for viruses to get into a self-
duplicating cell, i.e. there are more chances for
them to multiply successfully. That is why
children may be more susceptible to diseases
compared to an adult organism.

When the dividing process happens in
most cells of an organ, active blood supply of this
organ occurs, which is attended with an increased
heat production and temperature rise. However,
with no active cells’ dividing its blood supply is
essentially lower. When getting into an adult
organism, very often it appears to get into a cell
which isn’t dividing. Then the virus replication
success will be determined by its ability to make
the cell duplicate. To do it  it is necessary to
initiate the genome replication process and get
complementary energy resources. To get the
complementary energy on account of the cell’s
metabolism intensification isn’t possible as it is
not possible to intensify the blood flow in a
separate  cell.  And  to  intensify  the  blood  flow in
the whole body is not possible for the virus.
However, there is a real opportunity to obtain the
complementary energy from lymphocyte reserve
on account of the gap effect. To obtain the
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complementary energy by means of the gap
junction the cell must give a certain signal to the
lymphocytes located in the nearest lymph gland.
After receiving the signal lymphocytes, which
must provide with their ATF molecules the
oncoming dividing process of the infected cell,
will make way to the infected cell. Nowadays no
mode of signal transmission to lymphocytes is
known. We suppose that these signals appear as
the result of electronic reorganizations of excited
atoms. The signals can appear at imbedding of a
virus into the genome of a dormant cell.
Electronic reorganizations are attended by
bioluminescence which usually attends mitosis.
Since the infected cell needs energy sources
unconnected with metabolism intensification, the
energy reserve created by the body in the form of
a great amount of migrating lymphocytes is a
“cutie pie” for the infection. Using ready for the
replication structure of the infected cell and the
energy of lymphocytes delivering ATF molecules
through the gap junction viruses can easily and
quickly boost their population very much.

The most radical method of the body
defence is, in this case, decreasing energy reserve
that will make difficult for the viruses to get
energy for propagation. Our research showed that
when exposed to ionizing radiation a
considerable part of the body’s energy reserve
converts into heat. Thus, the ionizing radiation
ray  treatment  can  be  used  for  the  therapy  of  the
organism having fallen ill with virus infection.

Ray treatment of laboratory mice with
malignant tumors.

For checking purposes of energy reserve
decrease influence on virus infection we selected
laboratory mice females with spontaneous tumors
of milk glands. The tumors in the animals were in
different development stages. The earlier carried
out observations had testified that such animals,
as a rule, die. We decided to see how a single
total radiation of an animal influences the tumor
epigenetics. There were formed two animal
groups, one of which was used as the control one,
and the other one got a single total radiation in
the dosage of 3Gy. The ray treatment of the mice
was carried out using the source 137Cs.

To study the tumor epigenetics sensory
observation, length and radius measuring of the
oncoma were carried out. The sensory
observations testified that after the irradiation a
clearer tumor boundaries determination takes
place. After the exposure usually loosing weight

by the animal and tumor recession were
observed. At small-size tumor it stabilized and
acquired cyanotic color but didn’t resolve. If the
tumor had sufficiently large sizes and evidently
disturbed the animal, its being scratched and
gnawed out were observed, that sometimes
finished with the animal’s death. The results of
the tumor epigenesis in the radiation-exposed
control mice testified that the tumor grows with
different  rate.  In  the  control  animals  the  tumor
grew much faster (from 4 up to 10% a day). The
average tumor increment in the radiation-exposed
animals was within limits of 1-2%. The lifetime
increase of the radiation-exposed animals was
also marked. In the control animals metastases
occurred; their being no in the irradiated mice.
The data got testify that comparatively small
dosages of total radiation essentially reduce the
rate of spontaneous tumors’ development in
mice.

The results of laboratory mice ray
treatment after introduction of staphylococcus
infection.

It  is  known  that  bacteria  have  their  own
mitochondrial apparatus providing energy
demands of a developing cell. However, when
getting into an organism they can use the energy
reserve of the animal, that will lead to their more
successful propagation in the organism. To verify
out supposition we carried out an experiment
with radiation exposure of mice infected with
Staphylococcus aureus.

To carry out the experiment there were
formed 3 experimental and control groups of
mice who one-day cultivation of aurococcus was
introduced in different ways. The experimental
groups were exposed to total radiation in the
dosage of 3Gy from the source 137Cs. The
introduction of the staphylococcus was carried
out in three ways:

1. introduction of a drop with the cell
culture into a section the back;

2. introduction of a lawny strip with
deposited cells of the staphylococcus into a
section on the back;

3. subcutaneous introduction of 0, 05 ml of
staphylococcus culture using a syringe.

The quantity of the introduced cells in all
the cases differed insignificantly. Using three
modes of administration was aimed at the
detection of the most effective reaction
registration of an organism on the introduction of
staphylococcus culture.
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Watching the animals’ state according the
wound  repair  rate  on  the  place  of  the  section
didn’t detect a significant difference between the
animals. More authentic differences the
registration of the radiation exposed and control
animals showed. After the exposure which was
carried out in 1-2 days after the infection
introduction we observed a greater loosing
weight of the radiation-exposed animals
compared to the control ones. But on the 8th day
already the weight gain of the radiation-exposed
animals exceeded the weight gain of the control
animals. On the 12th day the difference between
the weight gain became authentic. Thus, we have
made sure that the radiation-exposed animals
recover from infectious diseases much quicker.

Conclusion
The carried out research testified that a

single total irradiation can condition sick
animals’ state. The irradiation for oncology
disease treatment is very often applied.
Traditional methods of oncology disease
treatment with the help of radiation therapy are
focused on tumor cells inactivation (damage).
The radiation is performed with a strictly directed
narrow-beam-radiation which must affect only
the radiation-exposed cells. At that a great
radiation dose, which is able to kill cancer cells,
is used. We offer applying total (wide-field)
radiation, which covers not only cancer but also
stromal  cells.  The doses used at  that  can not  kill
or somehow essentially damage most of the cells.
The amount of the applied dose must reduce the
energy economy of the cell. When goal making it
is our understanding that usually observed the
irradiated in front of stromal cells tumor size
reduction is explained not only by some tumor
cells death but also by dividing intensity
decrease. The tumor cells dividing intensity in
many ways is conditioned by the energy which
the body additionally deliver to both self-
duplicating germinal and tumor cells. After the
total  radiation  all  the  cells  of  the  body  incur  an
energy deficit, that is why the dividing cells
suffer particularly. Thus, real opportunities are
created for using small dose of irradiation to
decrease the intensity of malignant tumor
development. At that there is no need to expose
to radiation the tumor place locally. It is
important to irradiate the whole body or its
significant part to escalate the rivalry of the cells
for the stored energy reserved in the body. Under
the circumstances the tumor cells will get

considerably less energy that will essentially
slow the tumor growth. This method of
preventive radiation of the body must be
especially effective for virus infection.

At passed into the body bacterial cells self-
duplicating the energy dependence is not so
evident. That is why when introduced into the
body the staphylococcus bacteria can multiply
without using the body’s energy. However, the
carried out experiment testified that the body
energy reduction at radiation takes toll on the
bacterial cells (staphylococcus infection).
Therefore, total radiation in small doses can be
applied for therapy of infection processes which
are caused both by viruses and bacteria.

The article is admitted to the International
Scientific Conference “Scientific researches of
the higher school in priority directions of a
science and technics”, Russia-Danija-Shvetsija-
Finljandija-Norvegija-Estonija, July, 11-25th
2007г., came to the editorial office on 21.04.07

MODERN METHODS OF
PSYCHOPHYSIOLOGICAL CORRECTION

Urazayeva F.Kh., Urazayev Kh.F.
Dashkina A.A., Khamzina A.F.

Sterlitamak State Pedagogical Academy
Sterlitamak, Russia

There is a range of methodical approaches
of human functional state diagnostics, according
to which one can firmly and objectively judge on
the  body’s  state  and  its  changes  [1,  2].  The
research of Frolov M.V. [7] testifies that the
emergency of emotional tension in a stress
situation is attended by negative dynamics of
spatial-temporal parameters of an
electroencephalogram, and at the anxiety
decrease the synchrony of alpha activity in
anterior-posterior departments of the right
hemisphere increases.

It was proved [6] that unlike symmetrical
picture of intracortical connections normally, at
the decrease of ergetics and human frame of
mind the agitation of the right frontal region of
the cortex and relative decrease of functioning of
the left one are registered. At depressive
positions the spectral capacity of practically all
rhythms authentically decreases, excluding theta-
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and delta-rhythms, intensification of which
occurs at the emotional tension [4, 5]. According
to modern typology it is customary to distinguish
two pathology types of emotional disorders: the
first – with the overweight of active symptoms -
enhanced emotional tension, impatience and
anxiety; the second – with negative ones –
emotional burnout, bad depressive position,
social isolation and retardation [3]. Such
differences are found out in the spectral capacity
of beta- and alpha-rhythms, interconnections in
alpha-diapason in endogenic and reactive
depression patients [8, 9]. So, on the ground of
the above said, an opportunity to select sound
rhythm frequency, taking into account the
peculiarities of spatial-frequency EEG
characteristics, appears.

We have developed the rehabilitation
methodology which allows solving this problem.
The first and the second types of EEG disorders
is set in if the average capacity of alpha- or beta-
rhythms in the frontal derivations of the human
right hemisphere is lower than in the neighbor
derivations of the left one (the difference is more
than 40-50%). The second type is manifested
additionally, if the average capacity of alpha- or
beta-rhythms in the left occipital derivations is
lower than in the right ones (the difference is
more than 40-50%). Also the availability of
theta- or delta-diapason activity becomes
apparent, with the amplitude of more than 50-60
mcV.

For brain rhythmic activity formation in
the necessary direction it is offered to intensify
the capacity of alpha- and beta-rhythms in the
right frontal derivations with the help of binaural
rhythms of the sinusoidal form with the
frequencies correspondent to the calculated
average frequencies in the specified derivations
at the first type of EEG pathology. At the second
type  the  alpha-  or  beta-rhythm  capacity  is
increased both in the right frontal and left
occipital derivations with the help of binaural
waves with the frequencies correspondent to the
calculated average frequencies in the same
derivations. If in the EEG an increased slow-
wave activity is available, to weaken it the
binaural wave frequencies which differ from the
calculated average frequencies in the derivations
with the high amplitude or theta- and delta-
rhythms capacity (the difference must be not less
than 1-2 Hz) are selected.

The research testified that the offered
method of rehabilitation is effective for soothing
states of depression, anxiety at stress, computer
or game addiction. At that not only the clinical
status and psychophysical showings of clients are
improved, but their evident positive psychic state
of health becomes apparent. The application of
the method allows lowering the level of anxiety
indexes (according to the tests of Spielberg-
Khanin and Tailor), increasing subjective (state
of health, activity, mood on the test of SAN) and
objective self-estimations (adaptivity on the test
of Frolov, productivity, information processing
rate, accuracy on the correction test of Landolt).

Sample 1. Patient V., 23 years of old.
Increased anxiety, irritability, and infringement
of dream. The preliminary diagnostics on EEG:
desynchronization of alpha-rhythm and increased
activity in the frontal parts of the cortex is
registered, the average capacity of alpha-rhythm
in the frontal derivations on the left is 2,8
mcV2/с2, on the right - 0,0 mcV2/с2, the average
frequency in the frontal derivations on the left is
9,3 Hz.  Slow waves of delta-diapason up to 125
mcV, frequency of 1,1 Hz and theta-diapason up
to 55 mcV, frequency of 5,3 Hz, are detected.
The average capacity of alpha-rhythm in the
occipital derivations on the left is 3,7 mcV2/c2, on
the right – 4,3 mcV2/c2. The average frequency
both on the left and on the right is 9,8 Hz. The
first type of EEG changes is defined, that
corresponds to the reactive type of emotional
pathology. The action was carried out by means
of binaural rhythms of sinusoidal form with the
help of stereo earphones. A set of two
frequencies is selected: 9,8 Hz and 3 Hz. The
effect time for one séance made 35 min. Ten
séances were carried out.

Finally, the positive result was achieved.
The anxiety had decreased. The alpha-rhythm
zonality had restored. The asymmetry in the
anterior regions of the cortex had been practically
deleted. The average alpha-rhythm capacity in
the frontal derivations on the left was 1,1
mcV2/с2, on the right - 1,0 mcV2/с2. The average
alpha-rhythm capacity in the occipital derivations
on the left had increased up to 8,5 mcV2/с2, on
the right – 8,2 mcV2/с2. The amplitude of
pathological waves had decreased up to 61 mcV.

Sample 2. Patient F., 18 years old. State of
tense, lowered mood, attention and working
capacity. The preliminary EEG diagnostics:
agitations in the right frontal region of the cortex
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in magnitudes of the alpha- and beta-rhythm
average capacity are registered.  The average
capacity of alpha-rhythm in the frontal
derivations on the left is 3,9 mcV2/с2, on the right
– 1,9 mcV2/с2.  The  average  frequency  is
accordingly 8,5 and 10,3 Hz. The average
capacity of alpha-rhythm in the occipital
derivations on the left is 8,4 mcV2/с2, on the right
– 7,9 mcV2/с2.  The  average  frequency  is
accordingly 10 and 10,5 Hz. The average
capacity of low-frequency beta-rhythm in the
frontal derivations on the left is 0,6 mcV2/с2, on
the right – 0,1 mcV2/с2. The average frequency is
16,3 Hz on the left accordingly. The average
capacity of low-frequency beta-rhythm in the
occipital derivations on the left is 1,7 mcV2/с2, on
the right – 1,5 mcV2/с2. The average frequency is
accordingly 15,8 and 15 Hz. The average
capacity of high-frequency beta-rhythm in the
frontal derivations on the left is 0,4 mcV2/с2, on
the right – 0,0 mcV2/с2. The average frequency is
accordingly 28,3 Hz on the left. The average
capacity of high-frequency beta-rhythm in the
occipital derivations on the left is 0,5 mcV2/с2, on
the right – 0,5 mcV2/с2. The average frequency is
accordingly 24 and 22,5 Hz. The reactive
pathology type is defined. The action was carried
out by means of binaural rhythm set of the
following frequencies: 10,3 Hz (the average
alpha-rhythm frequency in the frontal derivations
on the right, 15 and 22,5 Hz (the average
frequencies of low- and high-frequency beta-
rhythms on the right). The effect time for one
séance made 40 min.  Ten séances were carried
out.

After the correction the emotional state of
the patient improved, the attention and working
capacity increased. Against the background of
total alpha-rhythm capacity increase the
asymmetry of biopotential distribution in the
anterior cortex regions decreased. The alpha-
rhythm zonality restored.
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AGE-DEPENDENT DYNAMICS OF
ELECTROENCEPHALOGRAPHIC

CHARACTERISTICS IN IDIOPATHIC
ARTERIAL HYPOTENSION PERSONS

Chefranova Zh.Yu., Titova L.P., Makotrova T.A.
Belgorod State University, Medical Department,

Chair of Nervous Diseases and Medical
Rehabilitation, Regional Clinical Hospital of

Sanctifier Josaphat

Idiopathic arterial hypotension – IAH (the
term is recommended by the International
Statistical Disease Classification of the 10th

Revision) or essential arterial hypotension
(PAH),  attends  the  life  of  a  great  number  of
people. According to the current information
every one of three women and 25 men suffers
from it; it being approximately 33% among
women and 4% among men, thus, reaching about
12-15 %.

We (together with Laskov V.B. and
Plotnikov V.V.) have carried out an EEG-
analysis  of  60  different  ages  IAH  patients
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[Chefranova Zh.Yu., 1999] found out among the
medical personnel of the MPI, and 30 healthy
people. Among those with IAH there were 54
(90%) of women and 6 (10%) of men. There
were 3 groups defined: the first one was made up
of 22 persons aged from 18 to 35 years old, the
second – 18 persons aged 35-55 and the third –
20 persons aged 56-62.

The IAH diagnostics criteria correspond to
traditional idea of IAH [Troshin V.D., 1991].

1. Long lasting arterial hypotension, BP
numbers are lower than 105-100 and 65-60 mm
hg.

2. Indications of earlier angio-hypotensive
episodes available.

3. Arterial hypotension chronicity beginning
with the age of 12-15.

4. Absence of anamnestic and clinical signs
of chronic physical and neurologic diseases,
CCT, neuroses.

5. BP figures, according to the daily
monitoring (DMBP), correspond to the adopted
in Europe criteria of hypotonic conditions
diagnostics.

We didn’t include trained female athletes
and those who arrived from the Thule or highland
into this group. The occupational composition
was like that – doctors, teachers, accountants,
employees.

The control group was made up of healthy
women having no chronic diseases and CCT. The
occupational composition was as follows:
accountants, nurses, railway transport traffic
inspectors. The three identical age subgroups,
each one having 10 persons, were defined as well
as in the patient group.

Physical examination of the patients was
carried out according to generally accepted
neurologic methods.

The average BP values made 99±0,6 and
69±0,5  mm  hg  in  IAH  persons  in  the  1st age
group, 104±0,3 и 70±0,1  –  in  the  2nd one and
106±3 and 71±2 mm hg – in the 3rd age group. In
healthy people the corresponding figures were
120±0,6 и 77±0,7 mm hg – in the 1st group,
124±0,3 и 81±0,2 – in the 2nd one and 130±0,2 и
81±2 mm hg – in the 3rd age group.

EEG  methods.  For  the  EEG  a  program-
apparatus complex including the 16-channel
electroencephalograph - EEG 16S, an input unit
and PC were used. The EEG was carried out with
the help of standard program package, including

those against the background of functional tests
(opening and closing eyes, rhythmical
photostimulation, CO2-withdrawal seizure).

The baseline EEG record was carried out
Ante Meridiem in a screened and soundproof
booth. The patient was in a special armchair
semirecumbent, with the eyes closed.

The baseline EEG physiologic rhythm
indexes’ analysis proved the literature data that
relative EEG characteristics’ stability remains
unchanged in healthy people up to about 50.
From that very period the EEG specter alteration,
which is manifested in alpha rhythm
representativeness decrease and slow delta
rhythm index increase [Chugunov S.A., 1950;
Zenkov L.R., Ronkin M.A., 1991, and others],
occurs. The physiological rhythm index
dynamics, with the age increase, in the IAH
patients was like that in the healthy examinees’
group, but manifested itself much earlier (since
36).

The physiological rhythm indexes in IAH
and healthy persons statistically authentically
differ in the juvenile age with greater alpha
rhythm representativeness in IAH patients. In the
middle of life the index differences evanesce, and
late in life the statistically authentic alpha rhythm
representativeness decrease and slow theta
rhythm increase become apparent, that testifies to
brain activation power decrease [Leitis N.S. and
others, 1980; Izyumova S.A., 1980; Mori F.,
1973, and others].

The correlation coefficient of fast and slow
waves (C f/s) remained steady up to 55, after that
it authentically decreasing on account of slow
wave component; it testified to the age-dependent
weakening of CNS activation level [Golubeva
E.A. and others, 1974].

The C f/s age dynamics in the baseline
record in IAH patients is like that in healthy
examinees, but the absolute C f/s value marked in
healthy  people  after  55  is  reached  by  IAH
persons by 36 already.

The CO2-withdrawal seizure test in IAH
persons has shown up the C f/s decrease in the
juvenile age already with the aggravation of this
phenomenon in older age groups. The C f/s
differences between healthy and IAH persons
become apparent in the middle age and grow
much more late in life.

The opening-closing eyes test authentically
showed up the low alpha-activity inhibition level
at IAH late in life; in 55% of these people the
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reaction assumed an invert character in the form
of alpha rhythm appearance, with its absence or
weak representativeness in the baseline EEG, that
testifies to the originally low FS brain level
[Rusinov V.S., 1960; Mayorchik V.Ye., and
others].

The photostimulation driving rhythm had
no essential differences in healthy and IAH
persons.

As the result of the research we have stated
that the EEG characteristics of practically healthy
people in different age-dependent stages are
steady and change with the increase of years very
little, only in the elder age group an alteration of
the EEG baseline structure occurs: the alpha
rhythm representativeness decreases, the slow
delta rhythm index grows, the C f/s decreases, the
flicker-light enforced rhythm assimilation
weakens.  In  IAH  patients  these  alterations  are
more vivid and are manifested already in the
middle age group (from 35) and considerably
increase in the elder one, that testifies to the CNS
activation level decrease and nervous processes
inertness increase.

From now forth, under a new examination
of more people we succeeded to specify the EEG
alterations in various age periods both at IAH and
in apparently healthy people.

Totally, we included 190 people into the
research: 110 – with IAH and 80 –apparently
healthy. The groups’ membership was as follows:
the first one – 40 persons aged from 18 to 35; the
second – 40 persons aged from 36 to 55 and the
third one – 30 persons aged from 56 to 62.

The groups of comparison contained
accordingly 30, 30 and 20 persons and consisted
of clinically healthy people of the same age
categories.

As the result of this new extended
investigation we have noticed that with the
increase of years alpha rhythm representativeness
decreases authentically and sharply, and
simultaneously, theta- and especially beta rhythm
representation (that was not evident during our
first investigation) increases. There were
statistically authentic alterations of the specified
aspect between the 1st and the 2nd, the 1st and the
3rd groups of patients. The index correlation
coefficient of fast and slow waves decreased both
at  baseline  records  and  the  CO2-withdrawal
seizure test.

In IAH persons we have distinguished still
more sharp than in the healthy, alpha rhythm
representativeness decrease in the 2nd and  3rd

groups, but in the 1st age group the alpha rhythm
representativeness index, as well as at the
previous our investigations, was authentically
higher in IAH patients than in healthy ones of the
same  age.  At  the  same  time  beta-  and  theta
rhythm representativeness increased
significantly. Both in IAH and healthy persons
the index correlation coefficient of fast and slow
rhythms decreased in the baseline EEG and at the
CO2-withdrawal seizure with the increase of
years.

According to beta rhythm
representativeness the 1st and 2nd IAH groups fall
behind and the 3rd one outruns the corresponding
groups of healthy persons. The correlation
coefficient of fast and slow rhythms was
authentically lower than in healthy persons both
in  the  baseline  EEG  and  at  the  CO2-withdrawal
seizure in the 1st IAH group persons.

The inhibition degree of alpha-activity in
patients with IAH in every group is considerably
lower than in healthy people.

There were no other distinct and
statistically valuable EEG alterations with the
increase of years noticed.

Thus, the structure of bioelectrical brain
activity with the increase of years suffer changes
both in apparently healthy and IAH people,
however, at IAH the behavior of changes has got
peculiarities reflecting, as it should seem, the
function and cerebral formations’ microstructure
singularity. Alongside with this, there are
authentic variations from the standard in IAH
persons in the juvenile age already, that can be
the effect of residual pathology and also the
result of cerebral blood supply peculiarities
against the background of dysontogenesis.
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Shot report

IMMUNE FUNCTIONS OF THE BRAIN
Parakhonsky A.P.

Kuban medical university, Center of quantum
medical «Health»
Krasnodar, Russia

Integrative activity of all brain sections
results in the most surprising among all
neurobiological phenomens - psychics. Besides
this unique brain function, another one was
determined - a participation in very complicated
process of immunity. The concepts about the role
of a brain in induction and regulation immune
responses underwent radical changes last years. It
was found that cerebrospinal fluid (CSF) is
settled with T- and B-cells, which are not
homogenous, subdivided into subsets
(subpopulations), perform specific immune
functions and are able to develop a local immune
response in CSF and CNS (6). Subpopulations of
T- and B-lymphocytes are programmed for
certain immunological functions (1,5,6).
Functional characteristics of blood and CSF (5,6)
lymphocytes are almost identical. In health and
disease of CNS there were found
immunoglobulins (Ig) of various classes. There
are evidences for a local synthesis of IgG in
CNS. IgG synthesis has been reported in more
than 90% patients with multiple sclerosis and
subacute sclerosing panencephalitis. Ig and
neurotransmitter  synthesis  by  cells  of  CSF  was
shown (2,5). Thus, occurring in CSF cell
populations and proteins take part in generation
of various immune responses and realize the
immunological surveillance in subarachnoid
space, i.e. form immune barrier of the brain.

Also non-lymphoid ones: neuroglial cells
(astrocytes, oligodendrocytes, microglia) and
endothelial cells of brain vessels take part in
immunological reactions in CNS. The studies
have shown that astrocytes function ate as
auxilliary cells mediating the immune reactions
in brain tissue (2,3,6). Like macrophages
astrocytes can synthesize and secrete interleukin-
1 (IL-1). It is established that astrocytes in
patients with multiple sclerosis can present
antigens to T-cells and stimulate their
proliferation during sensibilization and turning

into cytotoxic lymphocytes. It was found that
prostaglandins produced by astrocytes exhibit
neuromodulating function. Produced by T-
lymphocytes interferon induces marked
increasing of antigen expression on glial cells of
the brain in vivo and in vitro and results in
appearance of la-antigens on astrocytes. As a
result, glial cells can induce immune reactions
and aquire sensitivity to lyses by cytotoxic T-
lymphocytes. It is also shown that glial cells can
induce interferon to be considered as one of the
mediators taking part in immune response.
Cytotoxic cytokines against oligodendrocytes
were found. These cytokines seem to take part in
processes of demyelinization in autoimmune
diseases. Microglial cells are capable of
stimulation, phagocytosis and expression on their
surface Fc-receptors for Ig. In favour of immune
functions of neuroglial cells serve evidences of
their infecting with human immunodeficiency
virus, which affects as it is known, only
immunocompetent cells bearing CD4 antigen on
the surface membrane. It was found that such
cells in CSF are T-helpers, macrophages and
monocytes while in itself nerve tissue - non-
lymphoid cells of CNS: microglia, astrocytes and
oligodendrocytes, which bear la-antigen on the
surface and contain mRNA encoding CD4
protein.

Presence in astrocytes both classes of
molecules of the major histocompatibility
complex provides with it a full range of
functioning as the cells, representing antigene Т-
lymphocytes. Binding of CD4-lymphocytes by
astrocytes is the first stage of immune response
initiation in CNS. Activated CD4-cells to
produce interferon-γ (IFN-γ), which in turn
induces astrocytes. These cells express HLA-DR
antigens and produce IL-1, activating new T-
cells. As a result there is an intensification of
immune reactions in CNS (2,3).

For activation of CD4-lymphocytes, their
physical binding with antigen-presenting cells -
astrocytes of CNS, is necessary. Cells of vascular
endothelium express la-antigens and can
stimulate lymphocytes, taking active part in the
development of immune reactions in CNS. In
various CNS diseases the different types of
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adhesive molecules on the surface of
lymphocytes, monocytes, macrophages and
endothelial cells were found. These molecules are
binding firmly on the membranes of lymphocytes
and granulocytes attracting them into
inflammation foci of the brain tissue. Adhesion
molecules occure on the membranes of
endothelial cells in low concentrations; their
expression appreciably increases in pathology of
nerve system (multiple sclerosis, neuropathies),
that promotes an in draft of immunocompetent
cells to the inflammation focus.

By means of neuropeptides the brain
regulates not only nerve and endocrine systems,
but also immune system. The discovery of
immunomodulating characteristics of
neuropeptides has radically changed the ideas
about mechanisms signal transmission from
nerve  system  to  immune  one.  Receptors  to
neuropeptides were found on the
immunocompetent cells, that confirmed their
participation in the realization of efferent link of
neuroimmune interaction (1,4). On the cells of
nerve  system  there  were  found  the  receptors  to
immunopeptides and cytokines, synthesized by
immune cells, i.e. a functioning of afferent link in
immune-nerve interaction was revealed. The
opioids (immunopeptides), synthesized by nerve
system, act on the receptors of nerve cells (3). At
present, the existence of diffuse cell system
regulating and coordinating a great number of
special functions by means of peptide secretion is
generally accepted.

A wide distribution of neuropetides outside
the brain and presence in nerve tissue of
hormone, considered in the past as hormones of
peripheral endocrine glands, have under lied of
conception about diffuse neuroendocrine system,
which suggests an integration of nervous and
humoral regulation both on the level of CNS and
on periphery. Under normal conditions
interrelation and interaction between nerve,
immune systems of the brain and general
immune, endocrine systems are realized by
hormonal factors: mediators, hormones, neuro-
and immunopeptides, cytokines, synthesized in
cells of nerve, immune and endocrine systems
and passing free through the intact blood-brain
barrier.

Cytokines are heterogenous group of low
molecular weight glycoproteins synthesized and
secreted by various cells of immune and nerve
systems, and realizing regulatory functions.

Cytokines are binding with appropriate receptors
on target cells and regulate activation,
differentiation and proliferation of
immunocompetent and other cells. It is shown
that such cytokines (interferons, interleukins,
tumor necrosis factor (TNF) and others) take part
in functional regulation of endocrine, nerve and
immune systems. Peptides and cytokines
realizing neuro-immune-endocrine interaction
have common receptors. Structural similarity of
receptors  was  shown  for  IL-1  and  IL-2,
endorphins, ACTH. Cytokines are the main
regulators of complex intercellular interactions in
nervous and immune systems. Disturbance of
regulatory processes mediated by cytokines can
promote the rise of several severe diseases of
nerve system (demyelinating and infections). It is
of great importance that cytokines pass easily
through the blood-brain barrier in both directions.
They are the main mediators of neuro-immune
interrelations (3).

Among numerous biological effects
interferons (INF) is also its excitant action on
neurons. Participation of INF-α in neuroimmune
interactions has also been shown. INF-γ provokes
an expression of la-antigen on astrocytes. INF
has a wide spectrum of biological effects
including psychophysiological ones. Interleukins
(IL-1, IL-2) takes part in homeostasis regulation
in CNS, regulates hypothalamus and hypophysis
functions as well as level of endorphin,
corticosteroid and ACTH in blood. IL-1,
produced by astrocytes and microglial cells,
induces secretion of hypothalamic corticoliberin
which influences the functional activity of
hypophysis. Analgetic effect of IL-lα evidences
the neurotropic action of this cytokine. IL-2 and
its receptors were found in brain extracts in viral
and autoimmune diseases. Cells secreting IL-2
were found in the brain of health animals. IL-2
induces proliferation and differentiation of
oligodendrocytes, increases reactivity of
hypothalamic neurons (1,3,4), influences the
functional activity of hypophysis. IL-6 produced
in CNS promotes the differentiation and
antibody-forming of B-cells migrating into foci
of viral and bacterial affections of CNS. Like IL-
6, tumor-necrosis factor (TNF-α) is produced in
CNS by glial cells and is determined in CSF of
patients with viral and bacterial meningitis,
multiple sclerosis, AIDS-dementia and others. In
aggravation of multiple sclerosis there is
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increasing of TNF, its level being correlated with
the course of disease.

Summarizing the above data it can be
concluded that the brain realizes immune
functions by means of three morphologically and
functionally different subsystems: the first one is
represented by lymphoid cells of CSF (T-, B-
cells and their subpopulations), natural killer
cells, monocytes and macrophages; the second
one is represented by non-lymphoid cells of
nerve tissue - microglial cells, astrocytes,
oligodendrocytes and cells of vascular
endothelium; the third subsystem is represented
by humoral factors, biological active substances -
mediators, peptides, cytokines and others. Thus,
analysis and generalization of literature and our
clinical-experimental data change our notions
about the role of brain in immune response. The
presence in the brain of high-effective set of
lymphoid and non-lymphoid cellular elements
and their products allows to consider that, besides
the realization of very complicated psychical
functions, the brain not only takes part in
generation and regulation of immune response in
CNS and general immune system, but also itself
is one of the organs of immune system.
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ROLE OF IMMUNE DAMAGES IN THE
NEUROLOGIC PATHOLOGY

Parakhonsky A.P.
Kuban medical university, Center of quantum

medical «Health»
Krasnodar, Russia

Cerebrovascular pathology still has an
enormous impact on public health of every
nation. It is ranking among the leading causes of
serious disability.  One of the most unfavorable
forms of disability that has the greatest social
value is dementia. Epidemiological studies have
identified 46 persons with vascular dementia
(7,3%) and 14 persons with probable Alzheimer’s
disease (1,2%), mean age 50,4±6,7 years.
Identification of the main causes contributing to
the development of dementia and elaboration of
early preventive measures is the issue of great
importance. Studies conducted give us an
opportunity to define and analyze the factors
influence on the development and outcome of
cerebrovascular dementia and probable
Alzheimer’s disease. We believe that these
researches will have increasing importance.

Recently object of research HLA of system
were HLA antigens. HLA antigens were
investigated in various human populations. After
establishing the method of polymerase chain
reaction, opportunities emerged to explore the
different sections of DNA and the genes that are
located in these sections. Molecular-genetic
methods of research extremely enlarged our
knowledge of alleles, especially those of class III
and its polymorphism. The last hypothesis about
HLA structure has been reviewed (6). Genes of
class III in comparison to genes of classes I and
II are not fully researched. Genes of class III are
located  in  the  space  between  genes  of  classes  I
and II of HLA system and have important
biological functions (7). Investigation of
polymorphism of genes of class III (HLA)
system is of great importance for the problem of
HLA and cerebrovascular pathology, as well as
for problems of neurological and immunological
memory and perspectives of rehabilitation of
such patients (4). Recent investigation revealed a
large number of new genes belonging to the class
III (HLA) system.

Our aim was to determine the
concentration of cytokines TNF-α, TNF-β
encoded by genes A and B of the locus of TNF in
blood serum and cerebrovascular fluid of patients
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with cerebrovascular dementia and probable
Alzheimer’s disease, also in patients with
cerebrovascular pathology without dementia.
Recent investigation show that cytokines TNF-α
and TNF-β synthesized by genes of TNF locus
actively participate in the formation of severe
pathological processes in the human organism.
TNF-α is synthesized by various cells, while
TNF-β is produced by lymphocytes only.

Fifty-two patients aged 40-67 years were
investigated. 14 patients were with probable
Alzheimer’s disease, 28 patients had vascular
dementia. 10 patients had vascular pathology
without dementia. These 10 patients composed a
control group. The rate of dementia was defined
by application of MMSE. The diagnosis of
probable Alzheimer’s disease was made by
exclusion, in accordance with NINDS-ADRDA
criteria.

A blood sample was taken from elbow
venue. Lumbar punctures were performed in the
L4/L5  interspace.  Serum  levels  of  TNF-α and
TNF-β were measure by a competitive enzyme-
linked immunosorbent assay (ELISA). The
working range of ELISA assay was 0,60-2,50
ng/ml.  It  is  shown,  that  the levels  of  TNF-α and
TNF-β in serum and CSF in the control group in
patients with probable Alzheimer’s disease do
not differ significantly. In patients with vascular
dementia, the levels of TNF-α and TNF-β are
increased as compared to the control group and
the group with probable Alzheimer’s disease
(p<0,0001; p<0,05). The result show that in cases
of vascular dementia the serum and CSF levels of
TNF-α and TNF-β are increased. Elevations of
these levels indicate that cytokines, in particular,
TNF-α and TNF-β, play an important role in the
development  of  vascular  dementia.  It  might  be
linked  to  the  toxic  impact  of  TNF-α and  TNF-β
in the brain tissue.

As it is know for recent investigation,
cytokines  TNF-α and  TNF-β,  synthesized  by
genes A and B, have a great influence on
inflammation processes. Cytolytic and cytotoxic
effects mediated by them against the neurons of
subcortical structures and endothelial cells of
microvessels emphasize important biological
functions of genes A and B of TNF locus and
cytokines synthesized by them.

The possibility of several pathological
disorders in human caused by impairment in the
in the structure of genes, which are localized next
to genes of  classes I  and II  of  HLA complex,  or

by functional activity of albumen products
encoded by them, was well known in
neuroscience (1,2).

The result obtained show biological
importance of genes of TNF locus class III HLA
system and by them encoded TNF-α and TNF-β
in the pathogenesis of vascular dementia. It is
possible that albumen products of genes TNF
participate in the intracellular processing of
antigens. According to our result, cytokines TNF-
α, TNF-β and genes A and B of class III of HLA
system are not involved in the pathogenesis of
Alzheimer’s disease.

Literature about peripheral nervous disorders
show the examples when neither axon structural
abnormalities nor demyelination occur. The major
change in these disorders is in ion channels of
peripheral nerves. This is analogous to the ion
channelopathies establishes in the etiology of
hereditary muscle diseases. Ion channels may be
infected by toxins, antibodies, metabolic factors.
Partial blocking of Na+ channels results in slowing
of nerve conduction velocity without conduction
block, decreased nerve action potential amplitude
in the absence of histologic demyelination.
Antibodies directed at Na+ channels in
demyelinating diseases are receiving increasing
attention.

According  to  these  data,  we  aimed  to
investigate the role of the pathology of Na+ and K+

channels in the pathogenesis of neuropathies and
polyneuropathies and elaborate a new approach to
the treatment of these pathologies.

Epidemiological research has been executed
to show expansion of neuropathies and
polyneuropathies. 262 patients were investigated,
among them 175 men and 87 women aged from 14
to 78 years. In 38 patients, polyneuropathy was
identified. 27 patients showed Guillian-Barre
syndrome of chronically allergic origin and in 12
patients diabetic polyneuropathy was identified. In
patients who suffered from Guillian-Barre
syndrome conduction of action potentials in the
nerves was reduced. Electromyography research
showed slower nerve conduction and decreased
nerve action potential amplitude was noted along
with axonopathies. We consider that it reflects the
blockade of voltage Na+ channels by antibodies.

As it is well known, the chemical structure
of neurons membrane and the structure of their
axons are different. Neuron membrane consists of
lipids, proteins and polysaccharides (3,5) that are
in the close interrelation with water. Water
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around the neurons include ions and metabolic
factors. The electrical activity of the membrane
depends on intracellular concentration of Na+ and
K+ that  is  balanced  by  Na+ channels and by
conduction of stimulus at some nodes.

Clinical and electrophysiological data
obtained allow us to suppose that in
mononeuropathies and polyneuropathies,
function of Na+ and K+ channels are impaired and
may play a leading role in the pathogenesis of
polyneuropathies. Apparently, the pathology of
ion channels plays an important role in the
pathogenesis   of axonopathy. Pathophysiologic
abnormalities of ion channels cause an atonal
degeneration with demyelination, distal
axonopathy and impairment of the function of
peripheral nerves. There is now extensive
evidence for peripheral nerve dysfunction.
Abnormalities of peripheral nerve Na+ and  K+

channels result in a diversity of clinical and
electrophysiological phenomena.

At patients with diabetic polyneuropathies,
the sensory fibers were mostly affected. The role
of antibodies directed at Na+ channel blockade
may play an important role in conduction slowing
and blocking occurs. Antibodies can suppress
voltage-sensitive Na+ currents,  block  Na+

channels and disrupt the membrane (3).
In 20 patients with Guillian-Barre

syndrome we apply an immunomodulator
Plaferon-LB, along with leucoplasmapheresis.
Plaferon was given at a dose of 0,05-1,0 mg
protein/kg for 15 days. 17 patients were treated
traditionally with leucoplasmapheresis. It this
group, 5 patients (29%) recovered fully.
Improvement could be detected in 9 (52%), while

in the group treated with Plaferon-LB and
leucoplasmapheresis 7 (70%) showed full
recovery. According to the result obtained, we
consider that pathology of ion channels may play
an important role in the pathogenesis of
demyelination diseases. Application of
immunomodulation may reduce the level of
antibodies  that  block  the  Na+ channels.
Immunomodulator Plaferon-LB suppressed the
autoimmune processes and autoaggression thus
promoting to restoration of the function of ion
channels.
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Shot report

DEDUCTION OF EUCLID STATEMENT
ABOUT PARALLEL LINES

INTERSECTION AS THEOREM
Lokhov R. Ye.

Institute of International Academy of Technical
Sciences

Vladikavkaz, Russia

A classical Greek mathematician Euclid
formulated a statement about two parallels
intersection [1] in the third century B.C.
However, the failure of the efforts to apply purely
geometric images and premisses for its deduction
as a theorem has made Euclid refer the statement
to the number of axioms.

The efforts to prove the fifth axiom took
two thousand years. Only by 20-30s of XIX
century thanks primarily to the works of
Lobachevsky N.I. and also Boyom J., Gauss K.
and others [2] a new non-Euclidian geometry –
hyperbolic geometry of Lobachevsky - was
created [2, 5]. For this it was necessary to give up
on  the  fifth  axiom  and  to  offer  instead  of  it  the
fact that through a point out of a given line pass
at least two lines parallel to the given one.

The angular sum of a big enough triangle
constructed on three parallel lines can have as
small  as  we  please  angular  sum  (less  than  180°
(geometry of Lobachevsky) or more than 180°
(spherical geometry of Riemann)). In small
dimensionality domains such a geometry is
almost undistinguishable from Euclidian one.

Therefore, at present the statement of
Euclid has not been proved yet. It is clear that it
is possible to make infinitely many geometries as
well as logical systems. Only one thing remains
unclear  –  which  of  them  is  realized  in  the
surroundings? And aren’t some of them realized
within the frames of Euclidian geometry itself,
i.e. in geometrically small dimesion?

The purpose of the given work is to prove
the statement of Euclid as a theorem on the
ground of the old system of postulates and
axioms (synonyms). For this we formulated the
statement of Euclid in the form of a theorem:
every time when a line being intersected by two
other lines forms inside angles with them the sum
of which is equal to two right ones, these lines
are crossed from that very side from which these
angles are altered equally.

Deduction.  Let  us  assume  that  in  accord
with Euclidian axiom the distance between
crossing points A and B of a line with two other
lines a and b with inside angles α and β equal to
the sum of the two lines is 1m. Let us assume that
the lines a and b are crossed somewhere in the
point C (Picture1) and in the formed right
triangle ABC whose angles α and β are almost
right (89º 59' 59"), the apical C angle γ is one
angle  second  altered  (1").  Then  the  right  angle
side AC or BC has approximately the distance
(equation 1):

АС= 1/tg γ ≈ 2.06 x 105 м.            (1)

However, both noted above logical
reasoning and numerous other ones [2-5] are very
little applied to the deduction of the Euclid
statement as a theorem. To our opinion, the main
cause of it – is the scholastic attempts of
application purely geometric images and
premises for it.

For the Euclid’s statement deduction let us
construct a cone ABDC by rotating the right

triangle ABC (picture.1) near one of its sides and
match the central points XYZ with the point C
(Picture 2).

Let us assume that upon the condition of a
zero alteration of the inside angles of the lines
AB, AD and BD, the squared distance of the right
angles’ sides AC, DC and BC (dl)2 is equal to
[2]:

(dl)2= dx2= dy2= dz2,                    (2)

where dx, dy, dz are the differentials of the coordinates.
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Let us consider the processes really taking
course in the Dekart coordinates of the Euclidian
space. For example, light-induced reactions,
diffusion bounded processes in the shot of a

multienzyme complex, and others [6-8], in which
the number of successful collisions leading to
final products for an average time ∆t= 10-10sec is
1010, are referred to such ones.

Picture 1. When the lines a and b are less than one angle second altered the length of the right angle
side AC grows up to astronomic sizes relative to the side AB. At more than 1" alteration of the lines a
and b the length of the side AC or BC, vice versa, reduces.

Picture2. Through the three points A, B and C on a  circle  go three parallel  lines a,  b and c with the
distance of 1 m from each other. Let us assume that in every of the three inside opposite angles α, β and
ξ of the right triangles ACD, ACB and DCB a two angle seconds (2") less than 90º circle perimeter
alteration takes place. Then the sum of all the three inside angles α, β and ξ will be six angle seconds
(6") less than 360º (3), and the apical C angle of the right cone is equal γ = 6".
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Operating with these conditions the hypothetical area of the circle perimeter of the cone CABD
can be calculated from the formula (3):

(2πR)10 х 1/tgγ,  или 1010lg2πR.  1/tgγ= 0,3218 х 1010 м2,     (3)
where the cone base radius R= 0,5 м, γ= 6".

The analysis of the formula (3) points to a
flexible character of the alteration of the inside
angles of the intersection lines AB, AD and BD
with the lines a,  c and b. Because of different
geodesic flat distribution of the last, the chance of
the intersection of a, c and b in the scale of three-
dimentional space (Picture 3) is extremely
ignoble.

A great number of chemical processes
taking course while forming geometric space in
living systems are known in literature [8]. The
rate of these processes behavior is determined
exceptionally by the collision frequency of the
reacting elements [6-8].

However, in a respectively large scale of
XYZ-coordinates the chance of the particles’
collision  is  so  ignoble  that  it  can  be  taken  for1.
But changing from a three-dimensional system to
a two-dimensional system of coordinates the
collision frequency of the reacting particles
grows tenfold, and to a one-dimensional system –
100-fold [8].

It is known that diffuse reactions have got
three-dimensional distribution. For example, 10-10

mols of adenosine triphosphate (ATP), adenosine
diphosphate (ADP) and phosphate (Pi) mixture
are distributed in the body in the following
concentrations:[Pi]= 10-2mol, [АТР]= 10-3 mol

and  [АDP]=  10-5 mol  [9].  The  content  of  ADP
normally is always more than that of ATP.

From about 100 000 encoding and they are
distributed in the three-dimensional system of
coordinates in molecular ratios as 10-5 х 10-3 х 10-

2.
The analysis of the expressing genes

number depending on their specialization shows
that about 50% of all informative (template)
mRNA of an animal and human body cell is
represented by one kind of the mRNA; about
35% - by a wide range of the mRNA kind and
15% - by not more than 7-8 mRNA kinds [10].

The first mRNA fraction (housekeeping)
serves as templates for cellular protein synthesis.
The  rest  two  mRNA  fractions  are  referred  to
“luxury” genes and provide only specialized
functions.

Then, from the given above data and the
fact that the Universe is asymmetrical in itself [6,
11], one can conclude: the circle perimeter area
of the cone CABD in 0,32 х 1010 m2 (3)  in  the
three-dimensional space is distributed
asymmetrically. The change from a three-
dimensional system to a two-dimensional and
further to one-dimensional system of coordinates
is attended both with the alteration increase and
matching of the inside angles of the line
intersection with the other two lines.

dx- dy: х105 м2;
dx- dz: х103 м2;
dy- dz: х102 м2.

It is meant that the chance of the intersection of
the lines a,  c and b increases considerably with
the area volume reduction in the space of
Euclidian, but not non-Euclidian geometry.
It is also follows from the fifth postulate that: if
the lines a and b, at an intersection with a third
line, form inside angles with it, the sum of which
is less than 180º, these lines will certainly be
intersected from that very side of the line, with

which this angle sum is less than one of two right
angles.
This statement of Euclid bears purely logic
loading which has no geodesic substantiation.
For example, let us assume the line AB (Picture3)
as an X-axis, and α- and β- as the line
inclinations to the X-axis. Then, from the values
of slope ratio of the lines a and b to the X-axis
(АВ) equal to

tg α = -2,1445    and     tg β= 0,58,
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one can conclude that the lines a and b cannot be intersected as they lie in different angular
coordinates.

Picture 3. The lines a and b cannot be intersected in space because of different geodesic coordinates
of distribution.

In geometries of Lobachevsky and Riemann the squared distance between nearly points (х1, х2)
и (х1+dx1, x2+dx2) is determined by the congruence (4):

(dl)2 = δik(x) dxi dxk            (4)
where δik is a template tensor, defining the structure of geometry.

The study of the δik-dependence on the
coordinates allows proving that the space of finite
extent, but having no limits, possesses curvature.
The indexes i and k (i= k= 1, 2, 3…) exactly rest
on different disturbance values of the inside
angles of the triangle [2].

In its turn, in the introduced by us
deduction of the Euclidian statement about
parallel lines intersection (dl)2  from the point х1,
х2 to х1+dx1,  x2+dx2 also possess curvature, but
its geodesic parameters are the straight lines (5)

(dl)2 = (dx1)2 + (dx2)2,            (5)

as δik-template tensor of the Euclidian space is
exclusively defined by equal flat alteration
angles, which was to be proved.

It is important to emphasize that in the present
work the question is about a new geometry which
is really implemented in the close round us two-
and three-dimensional Euclidian space.
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EVIDENCE FOR DETERMINATION
PRINCIPLE IN TERMS OF

PHOTOSYNTHESIS
Lokhov R. Ye.

Institute of International Academy of
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Vladikavkaz, Russia

Here the concept is settled that
spontaneous chemical transformations are
realized according the determination principle. In

particular, at light quantum ( IIg ) “emission” from
the activated photosystem P680* to pheophytin,

a breakdown of IIg  into electron-positron pair
according to the law of charge parity
nonconversation takes place. A passage between

two equal spin multiplicity electron states 1S
1T   is in competition with 2CO

assimilation in 3C - and 4C - plants.

Key Words: assimilation of 3C - and 4C -
by plants; indetermination principle;
determination principle; charge parity
nonconversation; electron-positron pair.

In 1935 Yukava Kh. [1], founding on
Heisenberg indetermination principle discovery
[2], made a guess about the existence of particles
responsible mainly for internuclear forces, which
are 300 times as heavy as an electron mass.

In 1947 Powell C.F. with colleges [3]
experimentally proved the existence of these
particles-pi-mesons with mass numbers 273,3 for

+p  and -p , 264,3 for 0p ,  that  served  a  serious
argument in the affirmation of the
indetermination principle itself.

Again, in 2006, while working [4] we
stated a concept in accordance with which

spontaneous chemical transformations most often
are realized on the determination principle. In the
same year a new photosynthetic system
functioning mechanism, at the heart of which
there is the concept of light quantum breakdown (
g ) into an electron and a positive ion ( -e  and
+e ) at g  “emission” activated by Р680*

photosystem to pheophetin in accord with the law
of charge parity nonconversation [5, 6], was
offered.

The offered work contains extra arguments
for both determination principle discovery and
light quantum breakdown on the law of charge
parity nonconversation.

I. A breakdown IIg8  into three electron
masses, not four ones, happens

Photosynthesis of green plants is a
complex biological process comprising a great
number of conjugative oxidation-reduction
reactions [7,8]. Cells of higher plants and
Cyanobacteriae contain photosystems PII and PI,
photosensitive pimentos – chlorophylls (a, b, c,
d), carotenoids and phycobilines.

The photosystem P680-683 (b-pigment)
absorbs the light quantum within the field of 680-
683 nm, transiting into the state of excitement for
about 10-12 sec  [8].  The  stay  time  of  the  b
chlorophyll in the excited state is infinitesimal on
account of quick 10-15 – 10-19 sec “emission” of
the electron to pheophetin (PHEO) and further on
to the centers of primary plastochinon electronic

acceptor AQ  and secondary chinon acceptor BQ .
The electron transfer from the PII photosystem
onto plastochinons (PQ) happens for

sec100.2 6-´ (Figure 1).
The noted above sketchy description of the

photosynthesis first stage activation can be
written in the form of the following inequation:

( )å
=

D£D
1

1

i
k tt , (1)

where sec1020 9-´=D t  is  the  time  between  the  activated  and  inactivated  forms  of  the
photosystems PII and PI [9]; 1tD - the time of passage of electrons from the photosystem PII to PQ
and is equal to sec100.2 6-´ [9].
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The inequation (1) allows defining a root-mean-square time interval
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within which the relation between the energy of the system of the breakdown IIg8 into an
electron-positron pair and the time tD  remains constant (3)

//

'
kt

EtE
D
D

=D´D , (3)

where 1810497,0' -´=D E J is the energy of almost all vitally important molecules, which
biological structures consist of [10].

From the equation of the determination
principle (3) the value of ED within the interval

//
ktD  is close to the kinetic energy of the electron

verging toward light speed, that is typical of
electron tunneling in chemical and biological
systems [11-13]

12102475,0 -´=DE J (4)

From the equation 2mcE =D  we have
the value in mass units g25100275,0 -´ that is
three  times  as  much  as  an  electron  mass  (

g271091083,0 -´ ).
By extrapolation on activating the

mechanisms  of  both  the  first  and  the  second
photosynthesis stages we protract the concept

that at the light quantums “emission” from the
activated photosystem  Р680* to pheophetin and

further on to PQ a breakdown IIg8 into an
electron-positron pair which exceeds an electron
mass threefold, not four times,  according to the
law of charge parity nonconversation (5).

eveeII 150174,2826,08 £+= +-g (5)

It  is  known  [14]  that  the  formation  of  an
electron-positron pair is possible if the kinetic
energy of the electron exceeds ev610 . However,
its formation energy according (5) doesn’t exceed

ev150 (0,015%), that coincides with the green
plants absorption photoenergy in standard
conditions for one mole glucose synthesis within

the limits up to 14460 kJ/mol ( ev150 )  –
depending on the absorption wave-length [8].

II. The activation mechanism
substantiation of both the first and the second
photosynthesis stages.

The standard available energy ( 01GD ) of
an electron stream in the electron transfer chain
from  NADPH+H  to  O2,  which  represents  an
exergonic process, is equal [8]:

22
1 OHNADPH ++ ++NADPOH2 , 08,22001 -=DG kJ/mol. (6)

In this case for dissolution of two moles of
water under the influence of a positronium-ion
(2,174 +e ) from (5) up to 4 -e  into molecules О2

it will be required 440,16 kJ/mol, that is 38,4 kJ
lower than the reaction energy (7)

OHeHO 22 244 =++ -+ , 6,47801 =DG  kJ/mol (7)
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calculated from the equation (8)

0
298

01 nFEG -=D (8),

where n is  the  number  of  the  carried  over  electrons; F- Faraday number and 0
298E  - standard

electron potential equal to 1,24v.

The  remainder  of  two  water  moles  (from
(6) and (7)) synthesis energy equal to 38,44 kJ is
an energy measure of charge parity failure at the

breakdown IIg4  on pheophetin. Then, at the

breakdown IIg8  this amount will make

1548 »IIg  kJ/mol (9).

actually, we experimentally affirmed [5, 6] the dependency of four-cycle series of conversion
photon flashout from a singlet +S g

1 -state of oxygen2,174е+

OH22 2
144 OeH ++ -+ , 6,63501 =DG kJ/mol

into a triplet one with a standard emanation energy 154 kJ/mol

OH22 244 OeH +++ 6,47801 =DG  kJ/mol

that is practically coincides with literature
data  (157  кДж)  [8].  If  it  is  remembered  that  the
flush from IIg8  makes 1594,1 kJ, the total
photosynthesis effectiveness in standard
conditions makes 478,6/1594,1 as a minimum, or
about 30%, that is also coincides with the
literature data [8].

Glucose in plants is synthesized in the dark
phase  and  is  a  predecessor  of  the  three  typical
vegetational carbohydrates – saccharose, starch
and cellulose, which are not synthesized in an
animal  body.  In  С3-plants for photosynthesis of
dextrogyrate D-(+) –glucose from the equation
(7) for 6 moles of О2 it is necessary

2612622 666 OOHCOHCO +®+ , 6,287101 =DG kJ/mol (10)

that is practically also comparable with the experimental value

2,287001 =DG kJ/mol [8].

III. СО2 assimilation competition in 3C -

and 4C - plants with 1S 1T transitions
The breakdown of ribulose-1,5-

diphosphate up to two molecules of 3-
phosphoglycerate (A and B) under the action of
ribulosediphosphate- carboxylase and the
synthesis of D– (+) –glucose and its five

derivatives in 3C -plants (11) is attended in the
dark phase of Calvin cycle. However, this
complex process is geometrically close to the
spherical electron-positive center of the
photosystem PII (Figure 1). Which objective
results could serve as the confirmation of this
concept?
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First, the transient composed by carboxy
group joining to ribulose-1,5-diphosphate
corresponds to (10-7 — 10-10 sec) lowest singlet
state (S1) by life time. The molecule in the lowest
singlet state is very quickly hydrolyzed with
formation of two molecules of 3-
phosphoglycerate, one of which – glycerate A,

contains the mark 2
14CO  in the form of carboxy

group [8, 15].
Second, the singlet-excited transition

molecule (11) suffers an intercombination
conversion in the form of hydrolyse up to two
glycerate molecules, that is attended by the

transition into a more stable state ( 1T ). The life

time of the lowest 1T -state is rather long to form
D-(+)-glucose from two glycerate A molecules.
In another situation the interaction of glycerates
A and B would lead to levogyrate )(--D -
 glucose formation, that according to

stereoselectivity is unauthorized close to the
electron-positive center of PII (Figure 1).

And third, one of structure fragments of
many oligosaccharides (for example, saccharose
and raffinose), polysaccharides (for example,
innulin) is )(--D -fructose. In temperate zone
plants but which hail from the tropics (corn,

sugar cane or ambercane) the 2CO assimilation

happens in the way of 4C -metabolism (Hatch-

Slack reaction). The 4C -plants include 2CO
into a 4C -compound and only after two

preliminary migration stages fix 2CO the same

way that the 3C -plants do. This assimilation way
leads to a  sufficient  removal  from the center  PII
in the cycle of Calvin, and thus, a long enough
time (about 10-3 sec) is needed for the synthesis
of )(--D -fructose (Figure. 1).
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          (синтез D-(+) – hexose)
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Figure 1. electron flow diagram in the model of two photosystems PII and PI: LP -
light-harvesting pigments; PHEO – pheophetin; QA – primary plastochinon; QB –
secondary plastochinon; S0 – the system energy in its main state; S1 – singlet low energy;

1S 1T  - transition from a singlet into a triplet state; РС – plastocyanin; FD –
ferredoxins (binded) and FD – soluble ferredoxins.
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Hence, physical processes conditioned by
the intersystem crossing – the transition between
the two electron states of equal spin multiplicities

1S 1T compete with chemical reactions of

СО2 assimilation in 3C - and 4C -plants.
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Materials of the Conferences

THE DYNAMICS OF CLINICAL
HEALTH OF THE COHORT GROUP

EXPOSED TO CHLORANATED
DOSES OF TCDD

Basharova GR, Karamova LM*
Bashkir State Medical University, Ufa,

Russiua
*Ufa Institute of Occupational Health and

Human Ecology, Ufa, Russia

Abstract: The data on the dynamic clinical
40-year observation of health promotion of
workers with chloracne who were involved in the
production of 2,4,5 T are presented in the paper.
The clinical picture of intoxication was
characterized by moderate cytopenia,
hypercholesterinemia, vegeto-vascular dystonia
with background chloracne signs. Postcontact
follow-up data on a closed cohort aged 23-63
years showed the disappearance of chloracne
manifestations, but there were signs of
pigmentation, proliferative formations. Mono-
lymphocytosis was found in blood samples.
There is evidence of an increase in the number of
lipids, enzyme activity, blood coagulation,
biological age. Functional disorders of the neuro-
vegetative and cardio-vascular systems are
transformed into clinically marked destructive
diseases such as IHD, infarcts, insults, tumours
that shorten the life span.

Introduction: During the past decades,
studies involving experimental, environmental
and epidemiological surveys of many scientists
as well as our own data on clinico-functional
manifestations and medico-biological
consequences of dioxins have shown these
supertoxicants to be hazardous in their impact on
health of exposed individuals and their offspring.
The toxic substances originate the development
of numerous geno-, phono- and locally specific
effects.

Most investigators (1-4) believe that due to
their cumulative characteristics dioxins produce a
long term hormone-like impact on the
development and functioning of the body
systems. Even though the contact has ceased, the
formation of a broad spectrum of clinically
manifested and subclinically multilevel health
disorders is in progress.

Materials and Methods: Enrolled in our
study is a group of individuals who were
involved in the production of 2, 4, 5 T between
1965 and 1967. All 128 workers developed
chloracne. We have been following these
occupationally exposed subjects with chloracne
manifestations since 1990.

Results and Discussion: Retrospective
analysis showed the absence of dioxin content
measurements during technological processes of
2, 4, 5 T production. According to calculations by
L.A. Fedorov (1993), dioxin content in the end
product was no less than 30-40 mg/kg (5). The
singular clinically-based medical examination
revealed chloracne in 85,3 % of workers. Long
term treatment resulted in the disappearance of
this disease signs. So, the first complex clinico-
functional examination of exposed workers was
conducted with background chloracne clinical
signs.

The majority of male patients were at the
age of 20-26 years. The mean age of the whole
cohort was 23±2,5 years. The examination
detected typical chloracne in all of them.
Moderate neutropenia, lympho and
monocytopenia were found in peripheral blood of
32-37,7 % of workers. Hypercholesterinemia was
detected in 43,8 %. Every other subject
(46,0±4,3) had vegeto-vascular disorders of
sympathico-adrenal origin. Clinically marked
diagnoses are mainly associated with vegeto-
vascular dystonia, chronic gastritis, cholecystitis,
bronchitis.

The subjects whose mean age was 38 years
were re-examined in 1984/1985. There was no
evidence of chloracne. However, numerous
pigment spots of various intensity, hyperkeratic
and papilo-like formations were found on their
back and hips. The number of cardiovascular
pathology cases with clinical formation of
hypertensive and ischemic diseases increased
significantly. Two cases of myocardial infarction
and diabetes mellitus were detected. The blood
sample was characterized by a moderate
elevation of white blood cells. The level of
activity of enzymes, autoimmune processes
tended  to  be  high.  There  was  a  distinct  trend
towards immunity suppress.
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Ten years later, between 1990 and 1995,
further investigations were carried out.
Alongside with the studies conducted between
1996 and 2006, they confirmed an elevation in
the incidence of atherogenic pathologies
including lipidemia, enzymopathy,
hypercoagulation, atherosclerotic processes in the

brain and heart vessels. Every fourth individual
aged 46-53 years was found to have CBS,
myocardial infarction and brain insult. The
increased rate of cancer was observed. There was
evidence  of  an  increase  in  diseases  in  every
subject.

Table 1. Presented is the dynamics of the cohort clinical health (in %)
Years 1966-67 1984-85 1990-95 2004-2006

         Age
Clinical signs

20-26(M=23± 2,5) 38-43(M=38±
3,3)

47-53(M=51±1,4) 63-70(M=63±2,5)

Cardiovascular: ECG-
Arterial

Hypertension

52,6±3,4
AH-40,0(20)

78,8±7,1
58,8(15,4)

100,1±0,5
56,5(31,3)

100,0±0,3
40(82,2)

Cerebral circulation
disorders

Ischemic heart
disease

- IHD   - 13,0 IHD  - 25,4
MI, CCD

CCD, IHD, MI

CNS: VVD
          NCD

46,3±4,3
16,6±2,0

56,0±5,6
encephalopathy

NCD
encephalopathy

NCD
encephalopathy

Respiration:
Ch. bronchitis

5,4±1,1 8,3±1,2 12,5±1,6 19,2±2,1

Alimentary tract:
ch.gastritis

ch.cholecystitis

21±2,4
14,4±4,1

36,6±6,0
16,8±4,0

38,7±4,5
16,7±2,3

37,2±2,4
19,1±2,8

Skin:chloracne,
eczema, dermatitis

100,0
6,0

2,0
7,0

-
3,0

-
2,6

Endocrinology:
diabetes, thyroid

gland

-

1 case
2 cases
2 cases

2 cases
2 cases

2 cases
2 cases

Others:  dental
             cancer

-
-

38,4
1,4

88,
4,7

100,0
19,2

Blood:
leukocytes
eosinophils

lymphocytes
monocytes

hypercoagulation

reduced    19,5
higher       28,9

lower   37,7  lower
32,1

no evidence

increased   11,0
higher       18,1
higher       11,0
higher       25,0

42,7±1,7

Normal
normal

higner         18,6
higner         33,8

53,4±3,7

Normal
normal

higner          20,0
higner          35,7

83,4±4,3
Biochemistry

Glucose
Cholesterin
b Lipoprotein

BLOI
Mean molecule

No evidence
No evidence

Normal
43,8

no evidence
no evidence
no evidence

increased    18,7
increased    14,4

normal
no evidence
no evidence
no evidence
no evidence

increased     25,7
increased     18,9
increased     10,0
increased      49,6
increased      10,2
reduced       -14,0
increased      77,4

increased   22,3
increased   24,4
increased    12,6
increased    56,6
increased    18,8
reduced       21,2
increased   81,25

Immunol.lymph.
B lymph.
Olyph.
Im.A
CIC

No evidence
No evidence
No evidence
No evidence
No evidence
No evidence

Reduced      50,0
Reduced      51,0
Increased     60,0
increased     13
increased     12

increased     14,0

reduced        64,3
reduced        34,3
increased      51,4
increased      17,4
increased      16,4
increased      17.0

reduced       77,0
reduced       34,6

no evidence
increased     20,0
increased     22,8
increased     19,5

Number of diseases
per person

1,0 1,4 3,7 8,0

Now that the mean age of the cohort
studied is 63 (from 63 to 70 years), it is obvious
that marked atherogenic processes and disorders

have increased with age. However, comparative
health studies of the cohort and controls matched
in age show the rate of disorders in subjects
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exposed to dioxins to be significantly elevated
over controls.

Special calculations of the cohort
biological age showed that individuals with a
history of chloracne were 18-20 years older than
their  calendar  age.  There  was  a  1,5  fold  rise  in
mortality rate compared with the general city
population. The mean age of dead people was
52,3±4,3 years.

Thus, the dynamic health follow-up of
workers exposed to dioxins in the cohort group
aged 23 – 63 years has shown that skin disorders
like chloracne disappear but pigmentation and
proliferative processes occur. Cytopenic reaction
is associated with a trend toward a decrease and
replacement by mono- and lymphocytosis. Levels
of lipids, enzyme activity, blood coagulability,
and biological age increase gradually. Functional
disorders of the neuro-vegetative and
cardiovascular systems are gradually transformed
into clinically marked destructive diseases such
as IHD, infarcts, insults, tumours that shorten the
life span.
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EDUCATION IN OPEN SOCIETY:
PROBLEMS OF VARIABILITY

Dudina M.N.
Ural State University named after Gorky A.M.

Yekaterinburg, Russia

Large-scale sociocultural transformations
of the 90-s of the XX century brought our
country to the state of openness, defined the way
to develop an open society. The law of the RF
“On education” opened unseen until then
opportunities for educational institutions’ types
and kinds diversity growth, educational programs
variability, their development terms, forms and
methods of teaching, using innovation
technologies including control-valuation
activities, alternativeness of learners’
accountancy forms. Delimitation of authorities
and competences between state and private
educational institutions, federal, regional and
municipal authorities promoted educational
democratization. More than that, not only the
teacher and the pupil, the lecturer and the student
were named the subjects of education; directly or
indirectly parents, community and business
leaders, employers turned the ones. The
“Educational loan” became brand-new and
promising opening real ways to get education for
an ample quantity of the desirous.

Lively started deregulation of education
has been intensifying since January, 2005,
opening a prospect to state educational
institutions’ share reduction; that, however,
doesn’t mean a “withdrawal” of the state from
the educational system. Its attendance is carried
out in a variety of ways, among which the
availability of national educational standards
(unfortunately, being for long in the state of
projects). On the one hand, they go on
performing regulating function (if not a dictate
concerning the “liability” of subject fields,
specialties, duration and extent of discipline
studies and their contents); on the other hand, -
protective function – from arbitrary actions in
education (including its contents and efficiency
criteria of educational process).

A standard (Eng. norm, pattern, measure,
foundation) as a notion is connected with
achieving certain norms of quality reduced to
typical markers. Let us focus our attention on
interpretation of the notion “standard” as a
measure of quality, foundation of quality, that
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goes into contradiction with a very popular idea
of a standard as a minimum, also in getting skills.

Variability - (Lat. varians,  variantis –
changing) modification, diversity, - supposes a
breakaway from the nominal  principle and, with
it, dictates widening the cognitive space, opening
the opportunity of mastering other knowledge
and skills. The idea of standard (invariant) and
variability became of current interest, first of all,
because in Soviet education there was no idea of
variability at all, but especially – in connection
with entering the European educational space,
inspired by life in the open society and priorities
of national strategy of stable development, by
Russia. Now it is certainly possible to bespeak
that the education in present-day Russia, in spite
of crisis processes and considerable difficulties of
their negotiation, is developing even at a faster
rate, having many positive results, however, not
nearly always measured and measurable in
accord with the criteria of quality connected with
the idea of standards and variability in the
context of the new educational paradigm.

A paradigm (Gr.   paradeigma  –  sample,
model) is a notion comparatively recently come
into the scholarly apparatus of pedagogy, became
widely used and connected with integral ideas of
methodological, theoretical and axiological
principles adopted by present-day academic
community as a pattern for solving theoretical
and practical problems. The paradigm approach
in pedagogy is productive in scientific search of
theoretical-methodological foundations and
practice of humanistic orientation, the process of
its conceptual-categorical apparatus’ renewal
being connected with it. So the problem area,
conditioned with the necessity and possibility to
find a position in standards and variability of
education actualizing such notions as personal
development training, multilevel education,
productivity and destructivity of educational
process, full (and flawed) academic activity,
pedagogical support, accompaniment,
freedomability and freedom advisability in
education, subtraction from education, was
opened. These and linked with them notions and
categories enrich modern education proceeding
from the methodological principles of the new
paradigm, the aim and result and also one of the
instrumental quality criteria of which is human
dimension. It is this criterion, which has put
questions of the educational values and purposes
revising necessity. To answer the question – Why

is  it  to  teach?  –  it  is  necessary  to  take  into
account not only the society and personality
wants, but also cultural possibilities associated
with the needs of its further development. These
three matrixes in the development of educational
perspective development strategy
(anthropological, social and cultural, according to
Belyayeva L.A.,  1,  p.  13),  are  of  current  interest
with a view to life globalization and integration
processes of Russia’s entering the world’s
educational space, that demanded putting the
educational system in accordance with the global
standards.

The divergences of home educational
system and European one turned out to be quite
considerable from methodological, theoretical
and especially technological positions. Nowadays
the question is about the development of lifelong
education, permanent education, 12-years school,
multilevel higher (of  the  three  levels  -
undergraduate, graduate, postgraduate)
education, about using the variety of teaching
forms, about widening of specialties’ number,
use of credit, accumulative point rating
knowledge evaluation system, about a notable
increase of students’ and school children’s
solitary work share, carrying out social and
practice oriented projects (“everything from and
for life”), and, finally, about the right of learners
to choose their teachers. Everything is aimed at
the ambition to make education mobile, and the
graduate – competitive on the labour market.

And if Russia’s entering the Bologna
process puts many questions in front of the
domestic educational system, and some of them
are being solved already, the problems of
national identity and Russian traditions
preservation, and more than that, the ones of
enriching the world’s educational space with the
best things that represent our national pride (4,5)
seem to be not less significant. In our point of
view, these are the ideas of Russian cosmism and
noospheric education which are developed by
native philosophers, naturalists and
culturologists, and which, however, are to be
developed by Russian education of the new
century as well.

Cosmism as a belief about the world and its
integrity and as a doctrine of cosmic expansion of
the mankind - an original trend of domestic
thought from the middle of the XIX century –
was a breakthrough in social human reflection,
for European thought of that time held to
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anthropocentric picture of the world outlook,
according to which the human was recognized as
Lord of Creation. The three directions of Russian
cosmism, according to Yemelyanov B.V. (3),
comprehend philosophy, science and culturology.
Penetrated with the idea of anthropocosmism,
they can be worthily represented in the universal
educational space of an open society. In the
upbringing of a modern individuality the cosmic
world outlook, which includes the recognition of
the human as a component of Space, its rational
reflecting component, is important. To
understand the fact that the human being as homo
sapiens  became real in the process of long
historical development of living matter, one of
the potent consciously acting factors of further
nature evolution, - it means to understand his
role, mission and to understand himself on this
Earth, his destination. The thinking, creating
human being is a co-author, a “direct participant
of cosmic scale and value processes”.

That  is  why a particular  interest  and place
in modern education by right can and must be
occupied by the Russian philosophy, having
included the ideas of collegiality and unity of
Solovyov V.S., Fyodorov N.F., Florensky P.A.,
Bulgakov S.N., Berdyayev N.A. And also the
carrier of its ideas – the Russian literature, having
defined the understanding of the human spirit
wholeness, sentience, the accord of perception
and morality mastering. This is “living
knowledge” through attainment of Truth, Good-
natured and Beauty in Tolstoy’s, Dostoyevsky’s,
Chekhov’s, Bulgakov’s prose; Pushkin’s,
Lermontov’s, Bryusov’s, Balmont’s,
Severyanin’s, Khlebnikov’s, Zabolotsky’s,
Pasternak’s, Tsvetayeva’s, Akhmatova’s poetry.
This is also cosmic fantasies of Chaikovsky’s,
Skryabin’s, Rakhmaninov’s. Shnitke’s music;
Vrubel’s, Nesterov’s, Rerikh’s painting.

Human day-dreams about the Earth and the
Heaven were common also among scientists
developing cosmic world outlook and noospheric
thinking. The scientific direction considers a
human being as a part of the environment and
significance of his activity after-effect in it. The
idea: the world as a wholeness – lead to the study
of anti-enthropic activity of the mankind, its
possibilities  to  regulate  the  cosmic  chaos,  hence
the confidence that “the mankind will not stay on
the Earth forever” (Tsiolkovsky K.E., 1911).
Vernadsky V.I. developed the idea of a particular
significance of human vital activity for the

biosphere and with it  - for the Space. His main
idea is about responsibility of the mankind for
everything happening and taking place on the
Earth and in Space. Long before understanding
the idea of Unity by the world’s community and
educational system Chizhevsky A.L. wrote about
Space as about a common home, where
“common blood is flowing in veins of the whole
Universe”.

The worth of Russian cosmists’ idea is in
the heuristic idea of the necessity for the people
to unite, to overcome created by the civilization
barriers between the subject and the object,
natural and artificial one. In the face of Space the
mankind appears as integral, organic whole,
directed into Eternity. Having realized the
connection with Space, the mankind must have
healthy moral attitude to it.

Such a “discovery” must and can take
place not only in Russian, but also in the world’s
educational space on the way of attainment of the
backbone culture of an individual. In the
educational process of a school, college and
higher educational institution (in the standard or
variability) there is a great opportunity to extent
space and time to percept the world and the
human in it through addressing to the history of
scientific thought, “eternal questions” solution
traditions connected with the human and his
existence. The ideas of Russian cosmism will
help answer the question: “What to teach?” in
the new way, i.e. about the substantial component
of the standard and variability of education. That
is the addressing to the fundamental notions of
cosmism – active evolution, co-evolution,
noosphere, anthropocosmism, Unity of
noospheric thinking, ecological imperative,
cosmic feeling, pantheism, noospheric ethics.
Present-day world’s educational space can
worthily value the methodological, world
outlook, axiological, ethic, culturological and
pedagogical worth of these ideas as basic ones in
the universal educational environment. The
acquirement of noospheric educational
conceptual-categorical apparatus, noospheric
ethics will allow implementing the advanced
function of pedagogy on the ways of
humanitarization of education, enriching natural
science knowledge with irrational support and
humanitarian knowledge – with rational one;
dialogue of cultures, civilizations and ideologies.
It is real in the one national educational space
through realization of standards and variability;
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in the space which inevitably will call for the
Russian language as existential foundation of
Russian culture in the capacity of the world’s one
as well.

In such understanding of the essence and
destination of the national educational space and
the role of the Bologna process, undoubtedly,
possessing heuristic sense, Russia can
productively use foreign experience and enrich it
with fundamental ideas of native idea. Russian
culture is able to enrich the world’s educational
space of an open society including the ideas of
cosmic pedagogy, which is knocking at doors,
our native educator Ventsel N.K. wrote and
called us up to “open them wide and study it
seriously”.
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Abstract: The comparative health studies
of subjects exposed to dioxin and their children
have shown that functional changes in the
cardiovascular system, arterial hypertension,
gastritis occurring in adults do not differ
significantly from the same disorders when seen
in the pediatric age group. There is evidence that
at a later age the children may develop the
diseases  similar  to  those  of  their  parents  –
ischemic heart diseases, hypertension, insults,
cancer.

Introduction: Dioxins are known to have a
high level of cumulative activity. Because of this
they are hazardous not only during contact
period. Negative processes in all bodily organs
and functional systems occur within the lifetime.

Most scientists believe that the presence of
dioxins inside the parental body has large effects
on health of the offspring. The most convincing
studies were conducted in Yusho and Yu-Cheng
(1-5). The effects of accidentally consumed rice
oil contaminated with TCDD on the regional
population health were related to reduced birth
weight, height, skin hyperpigmentation, retarded
growth and psychoemotional development,
impaired memory, hypoplasticity, abnormal
finger and toenails. In Yusho, children born to
mothers exposed to dioxin, died from cardio-
vascular pathology. However, the authors
themselves consider the results obtained to be
associated with a variety of factors. In rice oil
TCDD was not found alone, it contained a
mixture of different chemicals.

Materials  and  Methods:  We  have  been
following a closed cohort of subjects exposed to
TCDD during the manufacture of 2,4,5 T
between 1965 and 1967. The mean age of the
subjects when they developed chloracne was
23±2,3 years. During contact period and after it,
103 children were born to the families exposed to
dioxin. During a recent four year period, 2004 -
2006, a complex pediatric health study including
questionnaire on working and living conditions,
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quality of life, health self-assessment was
conducted. The individuals who wished to be
studied by physicians were offered a complex
clinico-functional examination. Thirty subjects

were clinically examined by various
hematological, biochemical, immunological
professionals.

Figure. 1. Dioxin content in subjects exposed by chlorinated doses of TCDD, in their children
and population

Results and Discussion: All the children of
the cohort are at the age of 24-39 years. Of
importance is the fact that there is a 1,2-fold
elevation in the number of female children
compared with male children. Among subjects
aged 35-39 years who were born during contact
and early post-contact period this disbalance is
2,0 (66% of females, 34% of males). Gender
disproportion of newborn babies was determined
in our previous studies (1990-1995).

According to the Republican Centre for
Ecology (6), parental TCDD mean concentration
is currently determined to be 104,2 pg per gram
of blood lipid.

TCDD concentration from 31 to 80 pg per
gram of blood lipid is found in the body of the
children, confirming the hereditary fact. The
mean level of dioxin in the pediatric group is 55
pg per gram of blood lipid that is 2 times greater
than the background index of the Russian
Federation population (6) (fig.1).

By the time of Stage I study (1990-1995),
the children born with background chloracne
during post-contact period reached the age of 15-
26 years. The mean age was 20±2,2 years. Only
every other person among them was regarded to
be healthy. (Table 1)

Table 1. Illustrates characteristics of the cohort children’s health (%)
Signs 1st child 2-nd child 3-d child 4-th child All children

Healthy 36,6 55,6 70,0 100,0 51,7
Sick,  including 63,4 44,4 5,0 - 48,3
Allergy 7,0 6,7 10,0 - 7,9
Chronic bronchitis 4,2 6,7 - - 5,3
Arterial hypertension 1,4 4,4 - - 0,8
Gastritis, ulcer 7,0 6,7 - - 7,0
Cholecystitis 1,4 - - - 0,8
Endocrine disorders 2,8 - - - 1,7
Other disorders 41,0 20,0 20,0 - 25,8
Mean number of
disorders per patient

1,5 1,0 1,0 - 1,2
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Clinico-functional health levels of children
who underwent clinically-based examination
were compared with analogous levels of their
parents who had a history of dioxin exposure
with marked chloracne. Previous diagnoses of

parents aged 26-35 years were observed. We
report here the recent diagnoses (1995-2000)
with parental age to be over 60 years. Some of
them died. (Table 2)

Table 2. Comparison of diagnoses of children and their parents exposed to TCDD chlorinated
doses

Parental diagnoses Pediatric diagnoses
Studies between 1968-1980 Studies between 1995-2004 Studies between

2004-2006
1. Hypertension. Vegeto-

vascular dystonia
Vegeto-vascular dystonia.
Hypertension.

Vegeto-vascular
dystonia. Ch.gastritis

2. Vegeto-vascular dystonia.
Ch. gastritis

Atherosclerosis of heart & brain
vessels. Cancer of larynx

Vegeto-vascular
dystonia. Ulcer

3. Vegeto-vascular dystonia.
Hypertension

Hypertension. Myocardial
infarction

Vegeto-vascular
dystonia

4. Vegeto-vascular dystonia.
Ch. gastritis

Hypertension. Encephalopathy Vegeto-vascular
dystonia. Ch.gastritis

5. Vegeto-vascular dystonia.
Ch. Bronchitis

Ischemic heart disease.
Hypertension. Ch. bronchitis

Vegeto-vascular
dystonia

6. Vegeto-vascular dystonia.
Ch. bronchitis

Hypertension. Cerebrosclerosis. Hypotheriosis.
Hypophysial
insufficiency.
Myocarditis.
Ch.bronchitis,
cholecystitis.

7. Vegeto-vascular dystonia. Ischemic heart disease. Angina
pectoris. Hypertension.

Vegeto-vascular
dystonia.

8. Vegeto-vascular dystonia.
Ulcer.

Ischemic heart disease. Angina
pectoris. Hypertension.

Vegeto-vascular
dystonia. Hypertension

9. Vegeto-vascular dystonia.
Ch.
gastritis

Hypertension. Ch. gastritis.
Ch.cholecystitis.

Vegeto-vascular
dystonia. Ulcer

10. Vegeto-vascular dystonia.
Ch.
Gastritis. Ch. cholecystitis

Vegeto-vascular dystonia.
Hypertension. Ch.gastritis. Ch.
cholecystitis

Vegeto-vascular
dystonia. Ch.gastritis

11. Vegeto-vascular dystonia.
Ch.
Gastritis.

Hypertension. Ch. gastritis Vegeto-vascular
dystonia. Ch. Gastritis

12. Vegeto-vascular dystonia Ischemic heart disease.
Hypertension. Myocardial
infarction

Vegeto-vascular
dystonia. Ch.gastritis

13. Vegeto-vascular dystonia.
Ch. cholecystitis

Hypertension. Ch. gastritis.
Ulcer

Mitral valvular disease.

14. Hypertension Ischemic heart disease.
Hypertension

Vegeto-vascular
dystonia.
Encephalopathy.

15. Vegeto-vascular dystonia.
Arterial hypertension.

Encephalopathy Vegeto-vascular
dystonia. Ch.gastritis

16. Vegeto-vascular dystonia.
Ch. gastritis

Hypertension. Ch. gastritis Vegeto-vascular
dystonia. Ch.gastritis
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17. Vegeto-vascular dystonia.
Ch.
Gastritis. Arterial
hypertension.

Hypertension. Ch. gastritis Vegeto-vascular
dystonia. Ch.gastritis.
Ch. cholecystitis.

18. Vegeto-vascular dystonia.
Arterial hypertension.

Ischemic heart disease.
Hypertension. Myocardial
infarction

Erythema nodosum.
Ulcer. Arterial
hypertension

19. Vegeto-vascular dystonia.
Arterial hypertension.

Vegeto-vascular dystonia.
Hypertension. Ch.gastritis

Vegeto-vascular
dystonia. Ch.gastritis

20. Vegeto-vascular dystonia.
Ch.
Gastritis. Arterial
hypertension.

Vegeto-vascular dystonia. Ch.
bronchitis

Vegeto-vascular
dystonia.Ch.bronchitis
Arterial hypertension

21. Hypertension. Ch. gastritis. Ischemic heart
disease.Hypertension. Ch.
gastritis.

Vegeto-vascular
dystonia. Ch.gastritis
Arterial hypertension

22. Hypertension. Ch. gastritis.
Arterial hypertension.

Hypertension. Ch. gastritis. Ch.
cholecystitis

Vegeto-vascular
dystonia. Ulcer. Arterial
hypertension

23. Vegeto-vascular dystonia.
Arterial hypertension. Ch.
pyelonephritis

Ischemic heart disease.
Hypertension.

Vegeto-vascular
dystonia.Ch.bronchitis
Arterial hypertension

24. Vegeto-vascular dystonia.
Arterial hypertension.

Ischemic heart disease.
Hypertension. Ch. gastritis.

Vegeto-vascular
dystonia. Ch.gastritis
Arterial hypertension

25. Vegeto-vascular dystonia.
Arterial hypertension.

Ischemic heart disease.
Hypertension. Myocardial
infarction

Vegeto-vascular
dystonia. Arterial
hypertension.

26. Vegeto-vascular dystonia.
Arterial hypertension.
Ch.gastritis

Ischemic heart disease.
Hypertension. Ch. gastritis.

Polyvalent allergy

27. Vegeto-vascular dystonia.
Arterial hypertension.

Ischemic heart disease.
Hypertension. Myocardial
infarction

Vegeto-vascular
dystonia. Ch. Gastritis

28. Vegeto-vascular dystonia.
Artwerial hypertension.
Ch. gastritis.

Ischemic heart disease.
Hypertension. Ch. gastritis.

Vegeto-vascular
dystonia. Ch.gastritis.
Ch. bronchitis

29. Vegeto-vascular dystonia. .
Arterial hypertension.Ch.
gastritis.

Ischemic heart disease.
Hypertension

Vegeto-vascular
dystonia. Ch. Gastritis

30. Vegeto-vascular dystonia
Arteria Hypertension. Ch.
gastritis

Hypertension. Ch. gastritis Vegeto-vascular
dystonia. Ch. Gastritis

Comparative analysis showed that parental
diagnoses established in young life (matching in
age with the children) were not different from
pediatric ones. It is reasonable to suggest that in
later life the children will develop the same
diseases as their parents have.

Questionnaire information on health
revealed that 51,1% of respondents considered
themselves to be “practically healthy” and 48,9%
were “sick”, respectively. The most common
complaints were headache – 58,4%, dizziness –
42,2%, bitter taste in the mouth – 26,6%.
Analysis of the answers to the question “What
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troubles you?” revealed that 21,1% of subjects
had cardio-vascular disease, 18,4% - the neuro-
system disorders, 14,3% - digestive disorders,
11,9% - respiration disorders, 4,3% - endocrine
disorders.  Of  importance  is  the  fact  that
hypertensive disease, arterial hypertension,
vegeto-vascular dystonia of hypertensive type,
neuro-vascular dystonia constitute the group of
cardio-vascular and nervous system diseases. It
should be noted that the rate of cardio-vascular
pathology accompanied by hypertension is about
3 times (2,8) higher among the children of the
exposed parents than among the general adult
population of the Republic of Bashkortostan. Our
previous studies (7) showed cardio-vascular,
atherogenic effects of dioxins on parents enrolled
in our closed cohort we have been following
since 1968.

Thus, our comparative studies have shown
that the children of subjects who had chloracne
have the same health disorders as their parents.
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CREATIVENESS (“TVORCHESTVO”) AND
CREATIVITY: AN ANTHROPOLOGICAL

THEORY
Petrova V.N., Petrov A.

University RAE
Moscow, Russia

As of today there is neither a theory of
creativeness (“tvorchestvo”) nor a united
platform treating and defining the notion of the
“creativeness (“tvorchestvo”), “creativity” and
“creative thinking”. We have been developing an
anthropological theory of creativity for seven
years, and this is a qualitative research.

The basic developmental principles of this
theory are: non-contradiction, lack of theoretical
foundation, practice-centered character;
accumulation of sufficient quantity of unspecified
ties; shifting over, integrity, formalized nature
and interrelationships of all positions, critical
attitude to other theories.

The basic notions of the anthropological
theory of creativity are:

Creativeness (“tvorchestvo”)  –  this  is  a
goal-oriented processing of information while the
memory of attention is inactive.

Thinking – this is a goal-oriented
processing of verbal information while the
memory of attention is active.

Creativity – which is a goal-oriented
processing of verbal information with active
memory of attention; formation of creativity
patterns.

Attention – which is a specific link within
the chain of information delivery to man.

Logic – this is interrelationship of parts of
human memory.

Memory of attention – stores information
relating to how attention should behave in each
and every individual situation.

Inner world –  is  a  world  within  which  a
human being is thinking and creating.

The anthropological theory of creativity
has a definite aim: to separate such notions as
“thinking” and “creativity”. We believe that there
can be no thinking in creativity and there can be
no creativity in thinking; “thinking” is working
with the products of creativity while creativity is
“working” with the products of thinking.

Ways of information processing: it is
non-verbal in creativeness (“tvorchestvo”) and
verbal in thinking. Unlike thinking, creativeness
(“tvorchestvo”) creates no new information, but
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is processing the available information in a better
way in terms of quality.

Basic stages: preparatory (material
gathering), “black box” (creative process),
acquisition of a product of creativeness.

Criteria for a product of creativeness:
integrity; a lot of latent information; impersonal
character or neutrality; intransigence and
equivalence.

We single out two ways of entering into a
creative process: a spontaneous creativity (you
cannot say when it will happen), compulsory
creativity (planned entrance into a creative
process). The spontaneous and compulsory
creative activities do differ only in particular
ways of entering, while being identical.

Creativity functions with no memory of
attention participating in it. That is why creative
process is not lasting long in terms of time (the
utmost concentration of attention leads to human
over-tension). Creativity needs a foundation to
process information. Creativeness
(“tvorchestvo”) is not an accidental but, rather, a
definite-goals-achieving process with three ways
managing the attention that can be singled out,
namely: the memory of attention, direct control,
artificial instruments (for example,
contradictions).

The future creator will need: to have a
desire  to  find a  resolution to an issue creatively;
to have a theoretical idea about creativity; to have
special skills of entering into creativity state
(which can be done with the help of a system of
special training or exercises); to get ready for the
upcoming creative process (gathering
information) and oriented toward the upcoming
process rather than its results.

We have developed a specific creativity
teaching-learning “technique” to this end.

So, creativeness (“tvorchestvo”) and
thinking are different spheres of human intellect
and, accordingly, the notion of “creative
thinking” is incorrect. We believe that
creativeness (“tvorchestvo”) is not an activity. It
is instructive to understand the nature of a
creativeness (“tvorchestvo”) as of a perfect
mechanism which is functioning invariably and
nothing else is needed to be introduced into it. It
is creativity that needs further development.
Quality and skills of a creative person can be
improved ad infinitum. Creativity does not

require much concentration of attention and it is
used  to  design  a  style  and  form  to  present  the
content. Further advancement of creativity would
need special teaching-learning methods. But
more importantly, it is necessary to understand
the nature of creativity and creative process
which is represented by our anthropological
theory of creativeness (“tvorchestvo”) and
creativity.

We use a special “technique” in teaching
creativeness (“tvorchestvo”) which we have
developed to this end. Basically, it aims to shape
learner’s idea about creativeness (“tvorchestvo”).
We describe this “technique” of entering into
creative process as follows. We advise you to
select a rectangular area (a picture) and, within
your inner world, concentrate your attention on
all that area (without examining the picture and
distracting your attention by other thoughts).
Wait until the area becomes unstable (starts
“trembling”).  As  a  rule,  this  takes  several
seconds. Now begins the most complicated
phase. Release the area, let it go, but without any
reaction to it (your attention does not change, as
if nothing has happened whatsoever). If this is
done properly, a creative product comes up. A
learner, having received sufficient information
about the state of creativeness (“tvorchestvo”),
will be able to shape his/her own (non-verbal)
way of entering into a creative process.

A peculiar property of such a “technique”
is manifested in its being verbalized. This
“technique” has a shortcoming, i.e. it is verbal,
and due to this factor this “technique” should be
commented upon intensively. First attempts of
many individuals to perform it will fail. That is
why it is important to present comments and
individually solve the problems relating the
performance. Exercises and training are needed
to facilitate and ensure their entrance into the
state of creativeness (“tvorchestvo”).

Practice has shown that it is irrational to
teach the “technique” outright to enable an
individual to enter into the state of creativeness
(“tvorchestvo”). This can be done a little bit later.
From the beginning, it is necessary to explain
what creativeness (“tvorchestvo”) is, what the
inner world means and is, and get individuals to
realize that a creativeness (“tvorchestvo”) is a
different “area” within the inner world and that it
is not thinking.
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Formation of creativeness experience will
result in accumulation of patterns of creativeness
(“tvorchestvo”) and creativity.

The article is admitted to the International
Scientific Conference “Modern problems of
science and education”, July, 7-14th 2007,
Croatia (Pool), came to the editorial office on
15.05.07

ON FORMATION OF PROFESSIONAL
ACTIVITY STANDARDS IN THE SPHERE

OF CONSUMER SERVICES
Rudnik S.Yu.

Khakassia State University named
after Katanov N.F.

Abakan, Russia

In our publications we repeatedly raised
the problem of competence set formation which
is the foundation of service specialties. Today,
when all the professional communities found
their position in the necessity and demand of
creating Professional Activity Standards, it seems
to be necessary and sufficient for us to carry out
the selection of competences making up the
foundation of Professional Activity Standards in
the Sphere of Consumer Services. During three
years  in  Khakassia  State  University  on  the  basis
of Service Technology College, we study the
problems concerning the formation of
competences which are necessary for our
graduates of service specialties (hairdresser,
technologist-esthetist). On the basis of the carried
out work we marked a range of such
competences necessary for a successful
professional activity of the above denoted service
specialties specialists. Thus, we described the
following competence groups with their typical
features: professional psychological competences
(group of competences combining professional
socially oriented features characterizing the
personality of the specialist); professional
polycultural competences (group of competences
responsible for the introversiveness of the
specialist in the international professional
medium, the ability to transpose the international
experience into his ethnic sphere); and finally, on
the third place we’ve put professional
competences proper responsible for the quality

and the possibility of own knowledge and skills
using in a concrete professional (or professional
pedagogical) situation. Such an order was defined
by us from the position of understanding a)
entering the speciality (profession), i.e.
theoretical justification of the given individual
opportunity to master the given speciality
(profession); b) the availability of talents for
mastering the given speciality (profession) in the
wide professional diapason; c) the ability to study
the skills necessary for being in the speciality
(profession).

Analyzing the experience of the scientists
dealing with the problems of competence
approach in teaching (Khutorskoy A.V.,
Kolomiyets B.K., Zeyer E.F., Bordovsky G.A.,
Bozadzhiyev V.L., Zimnyaya I.A. and others) we
came to the conclusion that the choice of
competences determines the contents of the
standard in education, the consequence of which
can  and  should  be  the Standard of Professional
Activity.

Besides, it seems to be important for us the
observance of succession in professional
competence formation. So, it becomes evident
that the Standard of Professional Activity for
service specialties in Higher Professional
Education should be universal and successive for
the group of specialties of secondary professional
education: 2312 “Cosmetics and Visage”, 2304
“Hairdressing”, 2301 “Organization of consumer
services”.

In our opinion, the Standard of Higher
Professional Education in the sphere of consumer
services should contain a range of distinctive
substantial peculiarities. We quote here a
fragment of the standard elaborated by us.

1.1. Qualification characteristics of a
graduate

The  Bachelor  of  Services  should  be  ready
to fulfill the following kinds and tasks of
professional activity:

1.1.1. The sphere of professional activity
The sphere of professional activity of a

Bachelor of Services involves working in service
offices of different fields’ and forms’ of property
firms, in state agencies of federal and municipal
value, teaching of service technologies at
secondary professional and general professional
institutions of various forms of property.

1.1.2. Professiogram
The description of occupations which a

Bachelor of Services can master:
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Manicurist of II skill-category,
Cosmetologist of III-IV skill-category,
Hairdresser of III-V skill-category, Make-Up
Designer, Podiatrist, Secretary to the Manager
(Administrator of Beauty Salon)

The description of specialties which a
Bachelor of Services can master:

Technologist-Esthetist, Hairdresser-Stylist,
Ministration Organizer on the service shop floor.

The description of positions which a
Bachelor of Service can occupy:

Manager  of  the  service  office  and  its
branches, Vocational Training Schoolmaster
(according branches), Master of Industrial
Training (by specialties and professions)

1.2. Competences of a Bachelor of Service
1. professional psychological

competences:
honesty, prudence, ability to compromise,

consistency, creativity, accuracy, duty
performance, ability to work in team,
employability,  wish to learn constantly,
educability, psychological stability,
communicativeness.

2. professional polycultural competences:
ability to take from the international space

and adapt to one’s own professional activity new
and advanced methods of labour organization in
the sphere of consumer services, readily integrate
into the international community widening one’s
own proper professional competences.

3. professional competences proper:
professional knowledge, abilities and skills

corresponding to the qualifying characteristics,
professional rivalry, competitive ability,
intelligent professional speech, educability.

The competences serve as the foundation
for creating the Standard of Professional Activity,
which will allow the graduate to orientate in
labour market and be prepared to continue the
education on the second (Magister) stage of the
Higher  Professional  Education  as  well  as  in  the
sphere of supplementary and After-Higher-
School Education, and the employer, in his turn,
will be able to make the selection of
professionally mature specialists.

The article is admitted to the International
Scientific Conference “Problems of the
international integration of national educational
standards”, Paris-London, April, 20-27th 2007г.,
came to the editorial office on 20.03.07

ON PROJECTING AND PRACTICAL
APPLICATION OF INTELLECTUAL

TEACHING SYSTEMS AT SPECIALIST
TRAINING IN THE AREA OF
INFORMATION SECURITY

Rukovishikova S.N., Gritsyk V.A.
Stavropol State University

Stavropol, Russia

In recent years some directions of
innovation development have appeared. The
powerful innovation motivation emerged as the
result of manifestation and development of new
scientific achievements and technologies able to
elevate educational work onto a brand new stage.
Such achievements are present-day computer
technologies, the use of which can be considered
as a means to change the education quality.

The intellectual teaching systems use and
creation experience available allows us to draw a
conclusion that at present-day education
development level it is necessary to use such an
intellectual teaching system which could
“manage” students’ education in terms of
solution of problem situations which they meet in
their future professional activity.

The main intellectual teaching system
structure component is an intellectual multimedia
system where the multimedia integrates various
data into one medium, and the processing and
keying the multimedia data is performed with the
help of artificial intelligence software.

An intellectual multimedia system consists
of  teaching  system  units,  multimedia  and
intelligent database, interface and administrative
system. The intellectual teaching system
functioning peculiarities lie in the fact that its
foundation is composed of three interacting
against each other modules: the-object-to-study
module, the-current-status-of-the-student module
and the feedback module. The three mentioned
modules perceive and analyse the student’s
actions, and namely:

- the-object-to-study module analyses the
student’s actions in terms of the object’s work
efficiency;

- the-current-status-of-the-student module
evaluates  the  action  in  terms  of  the  student’s
standard of knowledge;

- the feedback module considers the action
to define the level of the feedback.

The considered scheme of intellectual
teaching system allows not only controlling the
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standard of students’ knowledge and acquired
skills, but simultaneously promotes their
cognitive activity and guarantees the educational
process individualization.

The article is admitted to the International
Scientific Conference “Modern problems of
science and education”, Moscow, 2007, came to
the editorial office on 13.03.07

INTEGRATION PROCESS AS CONDITION
OF PROFESSIONAL COMPETENCE

FORMATION
Shekikhacheva N.I.

Pedagogical College of KB State University
Nalchik, Republic of Kabardino-Balkaria, Russia

Integrative comprehension of real
processes and phenomena in the field of
pedagogy covers a wide enough range of
problems.

In the new millennia the foundation of the
educational process for Russia and “its
integration into the world’s educational space
should be formed by the mankind development
concept as the part of the society and nature
interaction process; humanity, forming a need to
be life-time educated”.

One of the current problems of
professional education is the problem of
continuous education system creation.

In the materials of the international
symposium “Secondary education for Europe”
(Bern, 1996) a general opinion that if we want to
give the younger generation a chance to success,
then it is important to define the key
competences, is fixed.

The Kabardino-Balkaria multiversity,
created 10 years ago and being converted into
Bologna system includes also a pedagogical
college. The becoming and development of the
hierarchical structure of this higher education
institution increases the flexibility of general
cultural, professional and scientific training of
specialists taking into account changing demands
of economics.

Within the frame of the multiversity the
continuous subjects teaching is practiced,
mathematics being among them. The
requirements of national educational standards of

all professional education levels are taken as the
foundation to make the content.

To provide the education content
continuation “horizontally” on the level of higher
professional education we offer using an
approach, at which the content is considered to be
the academic information consisting of academic
elements’ combination.

It takes into account home and foreign
experience of Higher School development and
the international education classification accepted
by UNESCO, meets the need to form the national
educational standard within the frame of the
world’s community.

Projecting the academic process while
training a future Mathematics teacher. The
predominant objects of the pedagogical process
are:   the  competence  formation  trajectory,  the
academic process, the methodical teaching
system.

The competence formation trajectory
figures a project of an academic process
developed within the integration system
“Pedagogical College – University”. One of the
main parameters of arithmetic reasoning is
operational efficiency, flexibility, criticism, the
ability to review a situation and to find the ways
out of crisis situations.  These traits suppose the
availability of the following skills in students:

- logical and algorithmic cogitation;
- modeling of processes of problems

solution;
- optimal solution method evaluation;
- rational solution method selection;
- present-day information technologies

application.
The result of such professionalization is

the motivation growth with higher education
programs study, the solidarity of general,
secondary and higher education, and the
integration principles realization.

The trajectory of the future teacher
professional becoming is divided into three
portions: academic training, general educational
development and student teaching.

To essentially signified characteristics of
the developed technology of a Mathematics
teacher training in a pedagogical college under
the conditions of regional educational concept we
refer the need of practice:

- scientific – practical activity skills and
the educational process correction.
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In the foundation of the projecting activity
lie the ideas of simulation of such an educational
process, such a system functioning trajectory,
which inevitably leads to the planned results.

New professional tasks, one of the most
actual ones of which is the organization of
activity under permanently changing conditions
in such a way, so that the graduates’ knowledge
had an advanced professional trend.

To  be  competent  means  to  be  able  to
mobilize the knowledge and experience
available, one’s own mood and will to solve a
problem under specific life circumstances.
Competence is directly proportional to activity, to

acknowledged attitude of a human to his own
education.

The solidarity of general, secondary and
higher education and realization of integration,
consistency and fundamentality principles.

The article is admitted to the International
Scientific Conference “Problems of the
international integration of national educational
standards”, Paris-London, April, 20-27th 2007 ,
came to the editorial office on 02.03.07
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METALS FRACTURE MICRO MECHANISM  AND PLASTIC ZONES
FORMATION AT THE CRACK TIP

Klevtsov G. V., Klevtsova N. A., Frolova O.A.

Orenburg State University, Orenburg, Russia

Fracture micro mechanisms, plastic zones formations and local stress state at the crack tip in
materials possessing a BCC-lattice structure and FCC-lattice structure were studied by the X-ray
diffraction method. Specimens were tested under single, cyclic and impact- cyclic fracture modes.
It was shown two plastic zones are formed under the ductile fracture in plane stress state condition
(PS). One plastic zone is formed under the brittle fracture in plane deformation condition (PD).
Generalizing scheme of plastic zones formation at the crack tip according to load ratio R is
presented.
Under single and cyclic fracture modes in plane stress state condition (PS) and plane deformation
condition (PD) martensitic transformation after crack propagation is possible. Character of
martensitic phases distribution in plastic zones under the fracture surface is connected with fracture
micro mechanism and local stress state at the crack tip.

Introduction
Today, requirements to both

structural materials and techniques for
evaluation of material reliability and quality
are very high. A special attention is spared to
elaboration of new, physical grounded
criterions of mechanical behaviour of
materials.  Elaboration  of  new,  physical
grounded criterions of strength and plasticity
is  possible  only  on  the  basis  of  physics,
material science and fracture mechanics that
is within the limits of new scientific direct  –
fracture micromechanics. Using of ideas and
methods of micro mechanics for study the
nature of strength and fracture is connected
with local methods of fracture investigation.
X-ray diffraction analysis is one of these
methods allowing investigate plastic zones
under the fracture surface,  determine the
depth of these zones, crystalline structure
distortion, phase transformation and also
phase  distribution  within  plastic  zones.
Plastic  zones  forming  at  the  tip  of
propagating crack are binding link between
structure and mechanical properties of metal
and also characterize the behaviour of
material under loading condition. A local
stress state at the tip of propagating crack
influences on the crystalline structure
distortion, and, consequently, on martensitic

transformation taking place during both
deformation and fracture. And the distortion
of crystalline structure and, in particular,
martensitic  transformations  at  the  crack  tip
influence on kinetics and fracture
mechanism. However, martensitic
transformations in plastic zones at the crack
tip are studied not enough. Results of
complex investigation of the interrelation
between local stress state, local heating at the
crack tip, plastic zones formation,
distribution of martensitic phases within
plastic  zones,  and,  also  fracture  micro
mechanism are presented.

Materials and experimental
techniques

Materials employed in this study were
steels having Body-Centered Cubic Lattice
(BCC)  structure:  carbon  steels  -  Steel  15
(0.15 %C), Steel 20 (0.18 %C), Steel 40
(0.39 %C), Steel 45 (0.45 %C), St 3 (0.2
%C), medium-alloyed steel 15X4MФА (0.15
%C, 2,75 %Cr, 0.8 %Mo, 0.6 %Mn, 0.4
%Ni) and materials with Face-Centered
Cubic Lattice (FCC) structure: aluminum
deformed alloys - D16 (4.5 % Cu, 0.6 %Mn,
0.2 %Si, 1,5 %Mg, 0.12 %Zn, 0.23 %Fe),
AK6 (2.22 %Cu, 0.6 %Mn, 0.9 %Si, 0.6
%Mg, 0.5 %Zn, 0.7 % Fe, 0.1 % Ni),
austenitic steels – H32T3 (0.03 %C, 32.1
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%Ni, 3/2 %Ti), H26T3 (0.035 %C, 26.6
%Ni, 3.18 %Ti), H26X5T3 (0.03 %C, 4.2
%Cr, 26.0 %Ni, 2.7 %Ti), 40Г18Ф (0.42
%C, 17.96 %Mn, 0.09 %Cr, 1.22 %V),
40X4Г18Ф (0.43 %C, 18.0 % Mn, 4.2 %Cr,
1.41 %V), 03X13AГ19 (0.03 %C, 19.35
%Mn, 13.5 %Cr, 0.74 %Ni, 0.17 %N),
07X13H4AГ20 (0.06 %C, 21.87 %Mn, 14.86
%Cr, 4.89 % Ni, 0.14 % V), 110Г13Л (1.06
% C, 15.18 % Mn, 0.2 %Cr, 0.4 %Ni).

Carbon steels  were subjected to
following treatments i) steel 15 and steel 20 –
annealing ii) steel 40 – hardening
+intermediate tempering, iii) steel 45 –
annealing + hot-rolling iv) St 3 - hot-rolling
v) 15X4MФА – hardening + high tempering
vi) D16 – hot-rolling + quenching + aging.
Austenitic steels were solution heat treated
by heating at 1100 oC (40Г18Ф, 40Х4Г18Ф),
1050 oC (110Г13Л), 1150 оС (other steels)
followed by water quenching. After
quenching steels H32T3, H26T3, H26Х5Т3,
40Г18Ф, 40Х4Г18Ф were subjected to an
aging treatment both at different temperature
and aging time. The steels 03Х13АГ19,
07Х13Н4ФГ20 and also steel 110Г13Л were
used after quenching. After all heat treatment
specimens were tested under static, impact,
high-speed impulse, cyclic and also impact-
cyclic loading conditions  at the temperature
interval ranging from -196  to +150 oC. The
fracture surfaces of all specimens were
observed by macro and micro fractography.
Both plastic zones depth under the fracture
surface, change of the crystalline structure
distortion and martensitic transformations
within plastic zones were determined by X-
ray diffraction method employing improved
by authors chemical etching technique [1].

For determination of the material
local stress state at the crack tip improved by
authors criterion hmax/t was used [2, 3], where
hmax – maximum plastic zone depth under the
fracture surface, t – sample thickness. If the
fracture occurs under i) a plane deformation
(PS) the ratio hmax/t <10-2; ii) a plane stress
state (PS) the ratio hmax/t >10-1; iii) transition
from PD to PS  the ratio 10-2 <hmax/t <10-1.

Plastic zones and material local stress
state under simple loading conditions. Plastic
zones forming at the crack tip under simple
loading  conditions  in  PD  and  PS   are
distinguished by both form and size that
effect on both fracture mechanism and crack
propagation resistance. Moreover, under
investigation of plastic zones formation
during fracture ought to take in consideration
next circumstances. In first, during some
materials fracture (for instance, in materials
with FCC – lattice during combined
fracture), besides limited values of material
local stress condition, the transition from PD
to  PS  at  the  crack  tip  can  be  realized  [4].
Second, according to many experimental data
[1-4], two plastic zones i) lowly deformed
macro plastic zone hy and ii) highly deformed
micro plastic zone hyh distinguishing by size
and degree of crystalline lattice distortion are
formed at the crack tip during fracture under
PS and also sometimes under transition from
PD to PS. Elaborated by authors the scheme
of  plastic  zones  formation  under  the  plane
stress state is shown in Figure 1 [1, 2].

Thus, during fracture of materials
having both BCC-lattice structure and FCC-
lattice  structure  under  PS  condition  two
plastic  zones  i)  hy and  ii)  hyh are formed at
the crack tip. The ratio hmax/t>10-1. The
ductile fracture in a micro-void coalescence
manner is observed.

Only one plastic zone hy is formed at
the crack tip when the fracture occurs under
PD condition. The ratio hmax/t < 10-2.
Materials having BCC-lattice structure are
fractured under PS condition  always by
cleavage (transcrystalline fracture) or
intergranular mechanism; materials having
FCC-lattice structure – by intergranular
mechanism or combined mechanism, but
intergranular mechanism or cleavage is
predominate. Such fracture mechanisms
cause lower level of crystalline structure
distortion (determined on diffraction line
width) in plastic zone as compared with
ductile mechanism. In case when material
fracture occur under transition state from PD
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to  PS  the  ratio  10-2 <hmax/t <10-1.   Lowly
deformed plastic zone depth hy under the
fracture surface is much lower then under PS
condition. Still to distinguish micro and
macro zones is difficult because of small size
of these zones. Mainly materials with FCC-
lattice structure fracture in transition state
from PD to  PS,  and,  as  a  rule,  by  combined

mechanism. Under combined fracture
mechanism crystalline structure distortion on
the fracture surface commensurable with
crystalline structure distortion in highly
deformed plastic zone under ductile fracture.
Apparently, low materials fracture energy
under combined fracture mechanism is
conditioned by little micro plastic zone size.

Figure 1. Scheme of plastic zones formation at the crack tip (a) and under the fracture surface
during crack propagation (б) under plane stress state when the ratio hmax/t > 10-1

hy – the depth of lowly deformed macro plastic zone; hyh - the depth of highly deformed micro
plastic zone

The change of material local stress
state at the crack tip as was shown in author’s
works, effect both on plastic zone depth
under the fracture surface and level of
crystalline structure distortion within this
zone. For determination crystalline structure
distortion the ratio β/β0 where  β is  a
diffraction line width obtained by X-ray
diffraction of plastic zones, β0 - diffraction
line width obtained by X-ray diffraction of
nondeformed metal has been used [1-4]. It
was shown, when the fracture is not
accompanied by phase transformations in
plastic zones, the relations between ratio
hmax/t and ratio β/β0 are described by general
curves independence from material class and
also kind of simple loading condition. The
ratio β/β0 ≤ 2.0 under PD condition; β/β0 =
2.0-2.1 under transition from PD to PS; β/β0
≥ 2.1 under PS condition during fracture. It’s

impossible to determine such correlation
between ratio β/β0 and stress state at the
crack tip if martensitic phases or deformation
twin are formed on the austenitic steels
fracture surface.

Plastic zones formed under cyclic
loading.  According  to  Rice’s  theory  [5]  two
plastic zones i) monotonic plastic zone (or
yield zone) hy and ii) cyclic plastic zone (or
reverse deformation plastic zone) hyh are
formed at the fatigue crack tip under cyclic
loading condition. In recent author’s works
was shown [1-4] the relation between cyclic
plastic zone depth hyh and applied maximum
stress intensity factor Kmax and  also  the
relation between monotonic plastic zone
depth hy and applied stress intensity range
∆K = Kmax-  Kmin are independent of material
class, loading conditions and also load ratio
R=Pmin/Pmax. These relations are described by
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general curves to a good approximation to
equations [1]: hy = 0.0354(Kmax/σ0.2)2 and hyh
= 0.0012(∆K/σ0.2).

Plastic zones formation general
scheme under different values of load ratio R
and also applied stress σ, including plastic
zones formation under compression loading
is offered by authors.

In most cases material fracture took
place under transition state from PD to PS
when the criterion 10-2 <hmax/t <10-1 or under
PS condition when the criterion hmax/t >10-1.
In case fatigue fracture the general relation

between hmax/t and β/β0 is not discovered [1-
4].  Therefore  may to  state  using  of  the  ratio
β/β0 as a criterion of the material local stress
condition at the crack tip is not possible.

Obtained results have been served
basis for elaboration of new scientific direct
– X-ray fractodiagnoctics. Due to X-ray
fractodiagnoctics knowing plastic zones
depth  under  the  fracture  surface  and  also
change of crystalline structure in these zones
loading parameters causing the fracture can
se determined.

Figure 2. General scheme of plastic zones formation at the crack tip under different values of
load ratio R and also applied stress σ (for case when ∆σ = const). Local stress state
corresponds to bond between PD condition and transition from PD to PS

Regularities of martensitic phase
distribution in plastic zones under different
types of austenitic steels fracture.  In
austenitic Fe-Ni steels where take place γ→α
martensitic transformation during
deformation and fracture, for example,
quenched steel H32T3, fractured in PS
condition by ductile mechanism α-martensite
quality within micro plastic zone hyh is about
constant in spite of monotonic change of
crystalline distortion through the depth from
fracture surface. Quantity of α-martensite
decreases quickly under traverse in lowly
deformed plastic zone hy.  Described

distribution of α–martensite within highly
deformed micro plastic zone is conditioned
by two main factors i) deformation level and
ii) material local heating at the crack tip
during the fracture. Deformation is favorable
for the martensitic transformation. The local
temperature at the crack tip prevents from
martensitic phase formation. After crack
propagation layers on and near the fracture
surface cool down to the test temperature and
cooling martensite can be formed in ones.
Apparently therefore there is a gap between
α–martensite distribution and crystalline
distortion gradient.
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In plastic zones of quenched Fe-Mn
and Fe-Cr-Mn  austenitic steels, for example,
steel 03Х13АГ19 fractured at temperature -
1960C  by  brittle  or  combined  (brittle  +
ductile) mechanisms, α- martensite and also
ε- martensite are formed. ε- martensite is
brittle phase apparently. Therefore the strong
material local heating is not occur under
present steels fracture. Fracture takes place in
transition  state  from  PD  to  PS.   Quantity  of
a-martensite decreases from the fracture
surface to the depth of plastic zone in
agreement with the crystalline structure

distortion  change  in  one.  Quantity  of  ε-
martensite increases from the fracture surface
to the depth of plastic zone, and, as a role,
maximum quantity is discovered on the some
depth from the fracture surface where
deformation less then fracture surface.

Aged Fe-Ni steels, for example, steel
H32T3, fractured by brittle intergranular
mechanism  in  PD  condition  or  near  PD
condition under low temperatures impact
test.  In  this  case  quantity  of a-martensite
decreases from the fracture surface to the
depth of plastic zone (Figure 3).

Figure 3. Relation between diffraction line width (311)Кα (1, 2), α-martensite quantity (3)
and distance from the fracture surface of aged steel H32T3 tested impact under -196 0С;
1– diffraction line width (311)Кα; 2- nondeformed metal diffraction line width (311)Кα; 3- α-
martensite quantity; Light and dark spots – specimen 1; combined spots – specimen 2

By this means under the ductile
fracture of austenitic steels in plane stress
condition (PS) after crack propagation line
superficial layers cool down and possible the
martensitic transformation in one. Under the
brittle fracture in plane deformation
condition (PD) after crack propagation line in
superficial layers possible the martensitic
transformation induced the change in the
local  stress  state  from  PD  to  PS.  Such
martensitic phases distribution in plastic

zones is typical for all single fracture modes
(static, impact and high-speed impulse tests).

Under cyclic test regularity of α-
martensite and ε-martensite  distribution in
plastic zones as well as under single fracture
modes although plastic zones formation
character is differ in nature (4). Quantity of
α-martensite under cyclic fracture surface
decreases progressively from the fracture
surface to specimen depth. Maximum ε-
martensite quantity under fracture surface is
occurred where deformation less than on the



Technical sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

147

surface. When the fatigue crack length
increases (increase Kmax) the plastic zones
depth increases too. Consequently, the local
stress state changes to plane stress state. By
this means quantity of ε-martensite under
fracture surface is likely to decrease.

Relying on such experiments, it may
be inferred that character martensitic phases
distribution in plastic zones under the
fracture surface is not depends of mode and
load speed of austenitic steels specimens,
except that depends of the fracture micro
mechanism and the local stress state
materials at the crack tip. Load speed
influence on intensity of martencitic
transformation in plastic zones only. Under
cyclic test of austenitic steel martencitic
transformation intensity on fracture surface
low than under single fracture modes.

This investigation was carried out
with the financial support of Russian Fond
Base Researches (№ 06-08-96904р_офи).
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Materials of the Conferences

ANALYSIS OF STRESS AND STRAIN
STATE OF PLATES AND SHELLS WITH
DUE CONSIDERATION OF MATERIALS
DAMAGEABILITY THANKS TO TIME-

DEPENDENT DEFORMATION AND HIGH-
TEMPERATURE HYDROGEN

CORROSION
Belov A.V., Polivanov A.A., Popov A.G.

Kamyshin Technological Institute
Branch of Volgograd State Technical University

Kamyshin, Volgograd Region, Russia

The most important problem of energy and
petrochemical as well as aircraft engineering
development is the creation of new generation
arrangement rendering possible realization of
strict operating practice of exploitation (high
temperature, pressure, speed, environmental
aggressiveness, etc.) and providing high
reliability and specified life. For designing such
constructions the elaboration of design
complexes rendering possible to carry out the
investigation and behavior simulation of such
constructions taking into account the attack of
non-steady temperature, force field and
degradation of mechanical-and-physical
properties of their materials. The specified
complexes including quite a number of basic
intersystems should operate from mathematical
models describing the evolution of stress and
strain state of the constructions under the
conditions of their near-real exploitation loading.
In this connection the elaboration of system
concept of construction of such design complexes
both from methodological point of view and from
the position of construction of integrated
functional design of interdependent models
rendering possible to solve complex problems
passing from their simple statement to a more
complicated one becomes of the current interest.
System approach oriented integrated studies
meant for a large variety of important
engineering problems are carried out by the
authors, among them:

- computing and valuation of loading capacity
of non-uniform sandwich shell structures used
in energy and petrochemical engineering,
working in conditions of complex thermo-
force loading, causing development of

irreversible deformations, damageability of
materials due to creeping and attack of
aggressive media;

- design of optimal from the viewpoint of
resistant durability, life duration and materials
consumption of the structures as applied to
concrete activities;

- valuation of wide class remaining life of
highly stressed and dangerous from the after-
effect viewpoint of failure of the structures
(body frame of chemical reactors, parts of gas
turbines and electric power installations,
variators and other products of heavy-duty
production) being at present time in use.

In the work presented here the concept of system
approach to investigation method development
and simulation of thermo-visco-elastic-plastic
stress and strain state of non-uniform sandwich
shell structures with account of materials
damageability due to creeping and hydrogen
corrosion.
At that the models determining the structures
behavior and integrated into a complex are
constructed with due consideration of present-day
state of theoretical research and experimental
data on fullness and adequacy of the considered
physical and mechanical processes description. If
necessary the models are complicated on account
of their correlation. For this a hierarchic approach
to the formation of model system realizing the
principle “from simple to complex” is used, when
the next difficulty level is reached after detailed
enough study of a more simple model. Hence, a
multilevel architecture of more and more
complex models every one of which correlates
the previous ones including them as special
cases.
The developed in such a way method of solving a
complex problem on valuation of durability,
toughness and life time of quasistatically loaded
sandwich envelopes of rotation according to the
correspondent parameters’ predetermined values
allows performing accounting in various
statements. Let us consider every of the possible
problem statements in a more detailed way.

1. Thermo-elastic statement of the problem.
Here a linear dependence of stresses on
strains is intended, the dependence of a
material properties on temperature comes



Technical sciences

EUROPEAN JOURNAL OF NATURAL HISTORY

149

into account by means of definition of
mechanical properties of the material for
different fixed values of temperatures. The
construction failure is not intended.

2. Thermo-elastic-plastic statement of the
problem.  In  this  case  the  material  behavior
law is supposed to be linear only within the
proportional limits, and for irreversible
deformations development modeling the
following things can be used:

- simple straining process theory (theory of
small elastoplastic deformations) – in case
of steady thermo-force loading;

- theory of nonisothermal processes of
elastoplastic deformation of solid body
elements in the path of flatness (theory of
flow with isotropic hardening) – in case of
non-steady thermo-force loading with the
possibility of loading history investigation.
Depending on loading conditions and
mechanical properties of envelope
materials for its bearing resistance
valuation the use of one of the three
sudden fracture criteria is possible: the
Rankin, Tresca-Guest or Huber-MIses one.

Besides, stress and strain structures’ calculations
performing is possible also taking into account
high-temperature hydrogen corrosion. To do it
the methodology is enriched with a generalized
model of hydrogen-containing medium attack to
the construction.

3. Thermo-visco-elastic-plastic statement of
the problem ignoring materials
damageability at creeping.  Here,  in  addition
to the previous problem statement, the
deformation adaptability in time due to the
envelope materials’ creeping is intended; it
comes into account by means of introduction
of creep strains into constitutive equations.
At that, one of either prompt or long-term
strength criteria can be used as the envelope
fracture criterion.

4. Thermo-visco-elastic-plastic statement of
the problem inclusive materials
damageability at creeping.  In  the  specified
problem statement it is supposed that the
creep strain development will be attended
with damage accumulation in the envelope
material that finally can lead to its fracture
as  well.  At  that,  the  scalar  parameter  of
damageability wС is accepted as a measure
of the material damageability in the process
of creep strain development.

To describe the process of damage accumulation
in a material due to creeping the kinetic
damageability equation of Rabotnov Yu.N. is
used.
As the equivalent stress one of the criteria of
long-term strength - Johnson, Kats, Sdobyrev,
Trunin or Lebedev-Pisarenko – can be used. The
choice of a creep rupture strength criterion
describing the material’s damageability process
at creeping most adequately depends on the kind
of stress state, stress level and availability of
enough test data.
The process of damage accumulation in the
material of the studied shell is calculated by
means of successive solutions of the kinetic
damageability equation in every loading step.
The investigation of the damage accumulation
process in the shell element lasts until achieving
a preset limit value close to the unit by the wС*

parameter. It is the condition of the shell’s local
fracture (i.e. fracture process beginning).

5. Thermo-visco-elastic-plastic statement of
the problem inclusive materials
damageability at creeping with fracture
propagation stage investigation. The
problem solution in such a statement
supposes the shell’s fracture propagation
stage  investigation.  To  do  it  for  a  first
approximation the method offered by
Kachanov L.M. and based on fracture front
edge (the surface demarking the destroyed
and yet undestroyed areas of the material)
stroke study is used. The moment, at which
the front edge stroke speed increases sharply
(ten  and  more  times  as  much)  or  when  in
separate most loaded points intolerably large
deformations exceeding 5% are
accumulated, is accepted as the total fracture
time. The fracture front edge stroke speed is
defined as the ratio of fracture front edge
stroke to the period of time during which
this stroke takes place.

Thus, the authors have developed the sandwich
envelope structures’ behavior modeling and
research methodology which allows describing
the following kinds of its stress and strain state:

- thermo-elastic;
- thermo-elastic-plastic inclusive and exclusive

hydrogen corrosion;
- thermo-visco-elastic-plastic ignoring materials

damageability at creeping;
- thermo-visco-elastic-plastic inclusive

materials damageability at creeping;
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- thermo-visco-elastic-plastic inclusive
materials damageability at creeping and
hydrogen corrosion;

- thermo-visco-elastic-plastic inclusive
materials damageability at creeping and
hydrogen corrosion with damageability areas
propagation kinetics.

At developing this methodology the following
was used: the linearized by the method of
additional strains correlations of the theory of
nonisothermal processes of elastic-plastic
straining of solid body’s elements in the path of
flatness; kinetic equations of materials’
damageability at creeping and hydrogen
corrosion.
Using the developed methodology a range of
applied problems on stress-strain analysis of
single- and multilayer envelopes of rotation at
various loading conditions, and that is:

- uniformly heated up three-layer cone shell
rotating with constant angular velocity;

- double-layer spherical shell with various
banding and loaded with intrinsic pressure;

- thin double-layer envelope of rotation with an
irregular shape of meridian in the form of a
vessel at its internal pressure loading;

- double-layer rotation shell representing an
axial compensator loaded simultaneously with
intrinsic pressure and shifting motion of its
end faces;

- uniformly heated up cyclic plane dependent
upon high-temperature hydrogen from one of
the sides.

The article is admitted to the International
Scientific Conference “The newest technological
decisions and the equipment”, May, 14-16th
2007, Moscow, came to the editorial office on
23.04.07

SECONDARY POWER SOURCES WITH
CAPACITORS IN POWER CIRCUIT

Magazinnink L.T.
Ulyanovsk State Technical University

Ulyanovsk, Russia

Single-phase secondary power sources
(SPS), due to their little specific gravity (kg/kW)
and quick response, got wide spread occurrence
within  the  limits  of  power  from  tens  of  W

(household audio- and video facilities) to some
kW (electronic voltage stabilizers, plasmatron ion
source feed elements of moderate capacity,
electric arc welding devices, etc.) [1].

One of significant disadvantages of a
“classical” SPS is a low phase factor (Fp) equal to
0,3…0,4 and conditioned by impulse character of
the consumed current from the system.

For the purpose of the Fp increase an active
filter on the input of the invert circuit is used,
which is sometimes called the Fp adjuster. For the
filter power key control a range of well known
firms ("Micro Linear", "Simens", "Motorolla")
have developed special electronic chips providing
quasi-continuous character of the line current and
Fp increase up to 0,86 with simultaneous invert
circuit constant-voltage regulation [2].

In [1,3] a modified algorithm of active
filter control and the scheme of the algorithm
realization are offered, that provides the Fp
increase up to 0,95 and more meeting the hardest
demands of the IEC (IEC-1000-3-2).

Notice  that  the  SPS  power  part
complication connected with the active filter
application is made up with the fact that together
with the Fp increase and invert circuit out voltage
stabilizing treatment the filter condenser capacity
value decreases by about 60 %.

Further  SPS  updating  in  terms  of  specific
gravity decrease and loss enhancement, for
example, has the following limitations:

- because of the invert circuit out voltage
unbalance the power isolating transformer is
performed gapped in the heart and is used
only in the incremental hysteresis loop, that
makes the bicyclic invert circuit bridge
network be non-effective compared to a
single-pulse one, and, finally, leads to the
transformer mass-volume showings increase;

- the invert circuit out voltage line-locked
frequency increase allows reducing the
transformer and smoothing inductor frames,
however, the power transistors’ losses
increase at that. The last especially matters for
powerful SPS.

The switching on the capacitors in series
into the power transformation primary circuit
allows excluding the invert circuit out voltage
continuous component, and also, in some cases,
reducing commutative losses in power
transistors.
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Two SPS networks with condensers in the
invert power circuit are considered below: a half-
bridge and full-bridge ones.

The half-bridge network provides a push-
pull transformer work mode with a total absence
of continuous component in the voltage curve. It
allows using the heart without air isolation and
with high degree of hysteresis loop
rectangularity. Hence, the transformer frames and
its losses can be reduced (at the same frequency)
two-fourfold compared to the networks [2]
without condensers.

The indisputable advantage of this network
is the invert power circuit simplicity (push-pull
mode is provided by only two power transistors).
Respectively, the controlling system is also
simplified.

The bridge network provides a push-pull
transformer work mode and, respectively, its full
use. The quantity of power transistors and outlets
of the invert circuit controlling system in this
network is twice as many, however, there is only
one commutating capacitor and its band
capacitance is eight times as much against the
total capacitance of the capacitors in the half-
bridge network.

Reduction of the compared versions to one
and the same load gives absolutely identical both
gain and rectified voltage regulation
characteristics of the invert circuits. Voltages
across power transistors in both versions are also
identical and equal to the voltage of the invert
circuit input; however, the current amount
through the bridge invert circuit is twice as little.
Hence, the total “installed capacity” of the power
transistors in both networks is equal.

Conclusions:
1. Including capacitors into the power

transformer primary invert circuit gives an
opportunity to apply the heart of this
transformer without air isolation, with little
field current and using on a complete
hysteresis loop, that allows reducing its
mass-volume showings essentially.

2. In permanent output the current through
invert circuit transistors has an intermittent
nature, i.e. the transistors’ commutation is
currentless, losses are minimal, that allows
increasing the line-locked frequency and,
respectively, decreasing mass-volume
showings of the SPS.

3. The two considered SPS networks with
capacitors in the power circuit are identical

on their voltage regulation characteristics,
however, the bridge network (excepting the
low power SPS) are preferable against the
half-bridge one.
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TRANSISTOR CHOPPERS FOR
ELECTRIC-ARC WELDING

Magazinnik L.T.
Ulyanovsk State Technical University

Ulyanovsk, Russia

A disadvantage of native and foreign secondary
power sources (SPS) designed for electric
welding is the fact that current amplitude in the
invert circuit power transistors of the specified
SPS designed for electric welding units is great
and makes about one third of the load current
output, i.e. in the electric arc. The specified
disadvantage is explained by the fact that in order
to stabilize the electric arc “combustion” and its
easy “ignition” the denoted devices designers
have to make the matching transformer
secondary voltage greatly overstated compared to
the arc voltage and equal to about 100V.
At the same time it is known that in practice the
arc voltage does not exceed 25V when welding in
the air, and when welding in СО2 and argon the
arc voltage is considerably lower. The described
disadvantage, i.e. voltage uprating, leads, first -
to cost and power excursion of the invert circuit
transistor; second - to their losses increase.
For this essential fault elimination a new SPS
network [3] is offered, in which the matching
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transformer is provided with a supplementary
secondary winding with an in-series capacitor,
that has allowed imposing the “ignition” function
and that of electric arc stabilization in the field of
low currents on a supplementary power source
and reducing the voltage of the matching
transformer main secondary winding up to 35V
and, in such a way, reducing the invert circuit
transistor current amplitude almost thrice.
The device performed according the offered
network is characterized by the following voltage
regulation characteristics:

1. The main power source voltage regulation

characteristic ( 1U  chart 1) – is typical of the
system closed in current. The characteristic
is  depicted  perfectly  stiff.  Really,  it  has  a
little inclination conditioned by the supply

main impedance and internal impedance of
the device itself.

2. The supplementary power supply voltage

regulation characteristic ( 2U chart 1) at

load currents крн II £ linear and hard, as
the  capacitor doesn’t manage to charge
during the time of the τ half cycle to
auxiliary secondary winding voltage
excursion and that is why (if neglecting
significant losses in the capacitor) doesn’t
influence the amount of half- period average

voltage 2U . At dI  > крI (chart 1) the
capacitor charges up to the voltage
excursion during the time t1 <  τ (chart  2).
The rectified voltage amplitude in the

capacitor at крd II =

c
I

dti
c

U кр
m

tt ×
»×= ò

0

1  ,                                                    (1)

as during the time τ the load current is reputed to be invariable (τ ≈ 10-5 с).

By analogy, the voltage excursion in the mode I > крI
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As the voltage excursion mU  in the compared modes is identical, the expressions (1) and (2) can be
equated:
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But in concordance with the chart 1

)()(1 //
1 tt dtd UUt = , where dU  is  the  half-

period average voltage. Thus,

)()( // tdtdtкр UUII = , from which

constUIUI tdtdкр =×=× )()(t at any t < τ.

So,  in  the  field крI  < I  < min.рабI the
supplementary power supply has got a
hyperbolical voltage regulation characteristic

with load constant power: constIUP ddd =×=
,  that  is  ideally  suited  for  the  electric  arc  in  the
air.

At I  > min.рабI the supplementary supply is
locked as its voltage is lower than that of the

main source, and, finally, at maxII = the voltage
of both sources verges towards the null tight
under the influence of the current feedback
within the system of the invert circuit control.
From the quoted diagrams one can see that in the
field of operating load currents (welding) the
supplementary source, i.e. diode bridge, is
locked. At the same time relatively high open
circuit and small current voltage provides an easy
“ignition” and the arc maintenance at small
currents.
In the known secondary power sources the
secondary winding voltage of the matching
transformer, as it is shown above, ≈ 100 V.
In the offered device voltage is lowered up to 35
V, it means that at the load current equal to those
of the specified devices, the voltage excursion in
the invert circuit transistors will be 100/35 ≈ 2,85
times  as  little,  that  is  rather  vital  as  the  power
transistors or solid-state compound modules,
first, make up an essential part of the total cost of
the device; second, the reduction  in current
reduces losses. Notice, that the losses in the
secondary power source are ignorable as it is
switched on only for short time. Thus, the offered
device doesn’t trail the known one in the sense of
generality,  and,  at  the  same  time,  possesses
essential advantages in the mode of welding in
the air: the 2 invert circuit current of the
transistors is lowered almost three-fold compared
to the current (voltage excursion) in the known
devices, and the conditions of the electric arc
“ignition” are even somehow improved as the
electrode contact with a weldment is attended by

a forced energy discharge accumulated in the
filter capacitor.
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EFFICIENCY OF MODELING
NUMERICAL METHODS USE FOR

ANALYSIS OF TEXTILE EQUIPMENT
WORK INTENSITY

Nazarova M.V., Bereznyak M.G.
Kamyshin State Institute

Branch of Volgograd State Technical University
Kamyshin, Volgograd Region, Russia

In recent time in connection with stiff
competition of textiles at fresh stock fabrics
manufacturing in domestic market of Russia the
problems of accelerated development of
production cycles and performing express-
monitoring of textile equipment work intensity
for providing optimum performance of its work
and obtaining high quality fabrics have become
ones of the current interest.

The work intensity valuation of textile
equipment is carried out with the help of special
means of measurement using tensometry method.
The advanced native weaving machinery work
intensity measuring device is express-diagnostic
tools of various modifications.

The thread tension is known to be the main
parameter characterizing the tools’ and machines’
work intensity. In textile production activity
threads are affected by stretching forces and
frictional ones taking place between the thread
and guiding devices of the machines and tools. If
the parameters are preset rationally the
deterioration of physical and mechanical
properties of the thread doesn’t occur. Only
insignificant decrease of thread linear density on
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account of trash removal and   thread elongation
decrease as the result of their extension because
of  axial  forces  action  are  observed.    Thus,  the
production cycle should be organized in such a
way  that yarn and plies were subject to different
on direction and scale tensile loads as less as
possible.

In this investigation for valuation of work
intensity of weaving machinery the express
diagnostic tool of the firm “Metrotex”, into
which a stretch tester designed for running thread
stretch measuring and applied for the diagnostics,
processing equipment setup, stretch values
nominal deviations elimination is included, is
used. The result of thread tension measuring with
the help of this installation is an experimental
diagram of thread tension dependence on time.

For the weaving machinery work intensity
valuation and the subsequent analysis of the
process it is necessary to modify the experimental
diagram into a mathematical model. The
advanced methods for the equipment potential
stress valuation and obtaining mathematical
models are numerical methods of modeling.
These methods were not in use earlier in
connection with a large amount and
computational complexity. Nowadays, in the
context of powerful and effective software
support appearing, the application of the
specified methods, which allow achieving the
result visually and quickly, became possible. At
the orientation on the new process variables it
will allow estimating the subsequent change of
the equipment work intensity effectively.

For getting mathematical relations the
numerical methods of modeling over
interpolation polynomials of Stirling, Lagrange,
Newton, Bessel and Chebyshev were used in this

work. The subject matter of these methods lies in
the substitution of one function, which most often
is known only empirically, with another one of a
more simple form. In this case the opportunity of
substitution of the experimental diagram or
oscillogram, describing the dynamics of thread
tension change through time, by mathematical
models was considered.

Obtaining mathematical models with the
help of the above mentioned methods is
associated with a great amount of calculations
and it is practically impossible without using a
computer. That is why, algorithms of
computerized analysis of mathematical models,
describing the dependence of thread tension on
time in different processes of weaving
production, were developed for these methods’
effective using. The realization of the developed
algorithms was performed on the basis of
Mathcad program.

The efficiency estimation of the obtained
mathematical models was carried out in the
tabular processor Excel by means of computation
of relative quadratic standard error for all
argument values.

In table 1 the results of efficiency
estimation of the obtained mathematical models
are quoted.

Note  –  the  most  accurate  values  are
underlined and marked.

The analysis of the table 1 data allows
making the following conclusions:

1. At weaving production activities it is
preferable to use the considered in this paper
numerical modeling methods as they allow
obtaining the mathematical models which
reflect the real process with a high enough
accuracy (δ < 10%);

Table 1.  Relative quadratic standard error indexes δ ( % ) for different weaving production activities.

Activity Stirling
polynomial

Newton
polynomial

Lagrange
polynomial

Bessel
polynomial

Chebyshev
polynomial

Reeling 1,45 0,87 1,45 2,41 11,03
Warping 6,58 6,58 6,59 7,45 7,53

Dressing 7,10 7,10 7,10 7,60 14,27

Weaving 2,76 2,37 2,37 4,82 37,22
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2. The most effective method for mathematical
modeling of 25 tex linear density cotton yarn
reeling process on reeling machine М-150-2
is the method with use of Newton

polynomial, the relative quadratic standard
error at the interpolation step h=2 makes δ  =
0,87 %;

P x( ) 0.5 0.0815u×- 0.51 u2
×+ 0.4 u3

×- 0.15 u4
×+ 0.0215u5

×- 0.000555u6
×- 0.000393u7

×+ 0.0000246u8
×-:=

3. The most effective method for mathematical
modeling of 35,7 tex linear density cotton
yarn warping process on warping machine
СП-180 is the method with use of Stirling
and Newton polynomials, the relative

quadratic standard error at the interpolation
step h=2 makes  δ  =  6,58 %;

The mathematical model obtained with use of
Stirling polynomial:

P x( ) 10.3 35.99 u×+ 92.5 u2×- 90.72 u3×+ 44.45 u4×- 11.99 u5×+ 1.81 u6×- 0.14 u7×+ 0.00456u8×-:=
The mathematical model obtained with use of Newton polynomial:

P x( ) 10.3 35.99 u×+ 92.5 u2×- 90.72 u3×+ 44.45 u4×- 11.99 u5×+ 1.81 u6×- 0.14 u7×+ 0.00456u8×-:=
4. The most effective method for mathematical

modeling of 18,5 tex linear density cotton
yarn dressing process on slashing machine
ШБ-11/180 is the method with use of
Stirling, Newton and Lagrange polynomials,

the relative quadratic standard error at the
interpolation step h=4 makes  δ  =  7,10 %;

The mathematical model obtained with use of
Stirling polynomial:

P x( ) 8 0.18 u×- 3.53 u2
×- 0.11 u3

×+ 0.72 u4
×+:=

The mathematical model obtained with use of Newton polynomial:

P x( ) 4.88 7.81 u×- 13.13 u2
× 5.67 u3

×-+ 0.72 u4
×+:=

The mathematical model obtained with use of Lagrange polynomial:

P x( ) 4.88 1.95x×- 0.82x2
× 0.0886x3

×-+ 0.00282x4
×+:=

5.  The most effective method for mathematical
modeling while manufacturing sheeting
cotton fabric art. 262 on textile machine
СТБ-2-216 is the method with use of
Newton and Lagrange polynomials, the
relative quadratic standard error at the

interpolation step h=40 degrees (the shaft
angular deflection of the machine tool
station) makes  δ  =  2,37 % .

The mathematical model obtained with use of
Newton polynomial:

P x( ) 0.25 2.32 u×- 0.019 u7
×- 0.001 u8

× 0.95 u5
×-+ 3.13 u4

× 6.03 u3
×-+ 6.12 u2

×+ 0.17 u6
× 0.000027u9

×-+:=
The mathematical model obtained with use of Lagrange polynomial:

P x( ) 0.25 5.79 10 -2
× x×- 3.83 10 -3

× x
2

×+ 9.41 10 -5
× x

3
×- 1.22 10 -6

× x
4

×+ 9.24 10 -9
× x

5
×-

4.21 10 -11
× x

6
× 1.14 10 -13

× x
7

×- 1.67 10 -16
× x

8
×+ 1.03 10 -19

× x
9

×-+

...:=
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VEGETATIVE REACTIONS TO
VESTIBULAR IRRITATION AT SKI

JUMPING PRACTICE
Chinkin A.S., Husnullina R. I.

Kama state institute of physical culture

There were surveyed vestibular reactions
of ski jumpers in sportsmen groups of   9,11,14
and 17 years (96 persons), having sports
qualification from beginners (9-years) up to
masters of sports of Russia (17-years). Control
groups included children of the same age who are
not going in for sports (58 persons). A functional
condition of the vestibular analyzer was judged
by the size and duration of the vegetative
reactions arising in reply to vestibular irritation -
rotary test of I.Vojachek.

Researches have shown, that sportsmen's
pulse of all age groups after rotary test increases,
but at children groups of 11 and 14 years which
are not going in for sports, decreases. Thus the
least increase of pulse at sportsmen group and
least decrease of pulse at control examinees in
age group of 17 years have been revealed.
Reactions of systole pressure upon vestibular
irritation at sportsmen group and their control
contemporaries also have essential distinctions.
The systole pressure has increased in age groups
of 14 and 17 at sportsmen groups, and it has
decreased at control examinees. In age groups of
9 and 11 years the reaction of systole pressure
mainly decreases both at trained, and at control
examinees. Hence, in all age groups of control
examinees negative reaction of systole pressure
on the vestibular irritation, gradually weakening
from age to age and achieving a minimum level
by 17 years.

Diastole pressure in reply to rotary loading
in all researched groups has changed in the
opposite direction to the change of systole
pressure. The different reactions of systole and
diastole pressures  on rotary test has essentially
influenced on expressiveness of changes of pulse
pressure: at control examinees it has decreased in
all age groups, and at sportsmen of advanced
ages  has  essentially  increased.  As  a  whole,  the
age changes of pulse pressure in reply to rotary
loading repeats changes of systole pressure, but it
is more expressed. The negative orientation of
changes of these parameters at control
examinees, no less than changes pulse, is

connected, obviously, with weak activation
sympato-adrinale system at vestibular irritation.
The proper response testifying to greater stability
of vestibular sensory system to irritants,
prevalence of sympathetic influences (Kurashvili
A.E., Babijak V.K., 1975 is; Janov J., etc. 2000).

At studying vestibular stability by
technique of Lozanov-Bajtchenko in both groups
of examinees of 9 years it has been revealed that
it is essential below, than in other age groups.
The increase of vestibular stability is observed in
age groups of 11 and 14, however at sportsmen
group it was considerably above, than at their
contemporaries from control groups. At the same
time the average indices of researched sportsmen
groups and control examinees of 17 years in
essence do not differ. It means, that the tendency
to rapprochement of parameters of sportsmen and
control examinees down to their full alignment
by 17 years is observed at comparison of all
vestibular-vegetative reactions. It is obvious, ski
jumping practice accelerate functional becoming
of the vestibular analyzer, promote development
of physiologically expedient orientation of
vegetative reactions to vestibular irritation, but
provide, finally, only usual or a little above usual
level of its stability to angular accelerations. We
shall note, however, that such conclusion fairly
only in the event that the estimation of vestibular
stability is carried out on size of vegetative
reactions. It, probably, is connected by that the
level of achievements in ski jumping, unlike
cyclic kinds of sports, does not depend directly
on development of vegetative functions. Thereof
vegetative reactions to vestibular irritation, no
less than vegetative functions, at even enough
qualified ski jumpers, not so considerably differ
from parameters of unexercised persons.

 At ski jumping the main role is played
with receptors of muscles of a neck, the impellent
device  and  impellent  sensory  system as  a  whole
in preservation of balance and optimum
aerodynamic position of a body in flight and in
maintenance of greater range of a jump. These
structures reach greater functional perfection with
improvement of professional skill of sportsmen,
than vegetative bodies, and they also reach much
greater stability to forcing down influences of
vestibular irritation. On our data, the vestibular
irritation causes increase in force of a brush at
sportsmen group of 17-years, does not render
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negative influence on kinesthetic sensitivity
whereas at control examinees these parameters
worsen. Also that is remarkable, intergroup
distinctions do not decrease on these parameters
with the years, and tend to increase.

The article is admitted to the International
Scientific Conference “Innovative technologies
in medicine” July, 8-15th 2007, Spain, came to
the editorial office on 15.05.07
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Materials of the Conferences

MODERN CONCEPTS OF MONEY FLOWS
CONTROL ON BASIS OF ACCOUNTING

INFORMATION
Khakhonova N.N.

RSEU “RINE”

In foreign theory of money flows control
the concept of Total (complex) money control
(TMC), the founder of which is A. King, has
lately formed and actively been developing. The
system of Total (complex) money control
represents the extension of the concept of TQC –
Total quality control, which has become the ideology
of the modern business. the main idea of the TMC is
controlling the flows of money in the course of
adoption of every decision by every manager.

For Russian enterprises and organizations not
money flows control but treasury management is
indicative. The treasury management means
financial resources and their channels control in the
process of formation and behavior, distribution and
secondary distribution, and also using; it is a
conscious and purposeful action on economic
contacts conditioned by mutual settlements between
economic agents, currency circulation for getting
optimal eventual outcome of the managing.

The money flows control should be carried
out in the frames of an enterprise fiscal policy which
is understood as a general financial ideology which
the enterprise follows. The task of the fiscal policy is
constructing treasury management effective system
which provides the achievement of strategic and
tactical targets of the enterprise activity.

The strategic and tactical aspects of the fiscal
policy are closely interfacing: the adequate choice of
strategy creates favourable opportunities for tactical
tasks solution.

Really, the rates of strategic development and
business solvency of an enterprise to a great extent
are defined by how cash flows are synchronized
against each other in time and terms of volume as a
high level of such synchronization provides
accelerated realization of the chosen business
purposes.

Undoubtedly, rational formation of money
flows promotes line balance and provides increase in
production and realization of outputs. At that, any
payment discipline violation has an adverse effect on
productive supplies formation, performance level,
finished commodity realization, the position of an

enterprise in the market, etc. Even in the enterprises
successfully operating in the market and generating
enough value of returns a pay inability can appear as
a consequence of imbalance of different kinds of
money flows in time.

On the other hand, this money flows control is
an important factor of an enterprise’s capital turnover
acceleration. It is accounted for operating cycle
duration reduction, more economical use of the
inhouse and lessening of need in borrowed sources
of cash. Consequently, the performance efficiency on
a business entirely depends on the money flows
control system organization.

The money flows control as the one of
financial flows’ component should be one of the
most important business lines of a financial manager.
Founding on the research of foreign and Russian
authors, let us carry out the adaptation of the
scientific idea development to the system of money
flows control in Russian enterprises and
organizations, and try to introduce the authors
approach to the money flows control concept
realization conditions and comprehension. In our
opinion, the money flows control involves the
accounts and cash resources control in the course of
business transaction performance, flow-of-funds
analysis and prognostics, cash resources optimal
level determination, cash resources budget
preparations, etc.

The essence of the money flows control
defines the formation and functioning of this
management class as a system.

The money flows control system is a form of
interaction and control relations development
realization, expressed, first of all, in management
laws and principles and also in purposes, functions,
structure, methods, process and mechanism of
control.  The given system is created for the
performance of short and strategic projects of an
enterprise, financial responsibility and business
solvency retention, more rational use of its assets and
sources of funds, and also business function
financing facility cost minimization.

First all, let us specify the basic components
of the research – the object and the subject.

The object of the money flows control is a
thing where the cognitive and other activities are
aimed at – it is a system of finance-economic
intercourse appearing in the process of cash flows
and financial instruments. Therefore, the objects of
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control, in the author’s opinion, should be not only
money flows but also financial (cash) resources, and
also the cost and the capital structure.

The subject of the money flows control is
fixed in experience and involved in the process of
human practical activity sides, properties and
relations of the objects studied with a certain purpose
under given conditions and circumstances.
Respectively, we think it is necessary to consider an
enterprise’s money flows, which can function in
different levels bearing an interconditioned character,
to be the subject of control:

1) at the level of an economic unit in the
whole;

2) by activity kinds (operating, investing,
financial);

3) by segments of an enterprise’s activity;
4) by business processes;
5) by organizational units of an enterprise;
6) by responsibility centers;
7) by separate commodity lines and business

transactions.
The mechanism of money flows control is

created and purposefully changed by the people who
perform the regulatory activity of the total aggregate
of functions, forms, methods, levers and incentives to
achieve its highest efficiency in concrete economic
conditions.

Actual money flows control in market
conditions is possible only on the ground of effective
accounts which is the data base to define the strategy
and tactics of both internal and external control. The
development and performance of management
solutions are based on planned, standard, process,
discount and analysis information. From the
management view point the accounts should be
considered as an information system involving fiscal,
management and strategic accounting. It is the
accounting data that make up the data base for the
money flows analysis which, in its turn, allows
planning the cash flow for the coming period more
rationally.

Within the system of fiscal accounting the
information reflecting the state and cash flow of an
enterprise for an accounting period and necessary for
the performance of the current management is
formed. It is represented in a generalized form on the
accounts of business accounting and can be itemized
by analytical findings attraction. The fiscal
accounting data are the most exact and available for
the data users.  However, in the aggregate form this
information is not complete, operative and sufficient

to accept policy decisions and, in this connection,
should be performed by other information forms.

Within the system of fiscal accounting the
information about the money flows of separate
organization departments, responsibility centers,
different kinds of activity and concrete operations
having provoked the cash flow is formed and used in
day-to-day management as a rule.

The fiscal and management accounting data
for effective money flows control are evidently
insufficient. it is explained by the fact that the given
accounting systems operate generally with the
information about actually performed economical
and financial services.

The 90-s became the time of business struggle
go-go modification of terms in the world’s
economics, the new strategic thinking being more
and more associated with business globalization and,
finally, with passing to a new model of economic
growth. The change from a traditional industrial
economy to resilient economics, especially in
industrially advanced countries, requires the creation
of suitable discount-analytical provision of policy
decisions taking in the field of money flows control
on the basis  of  the system approach.  The discount-
analytical provision in the microlevel is the
foundation for policy definition of a firm and for the
definition of alternative approaches to the
management practice. The solution of the given
problem is the formation and development of
strategic accounts as a whole (and money flows in
particular).

The strategic accounts represent a global
model of information technology which provides the
administrators and specialists of an enterprise with
the proprietary information for taking effective
decisions and also provide the investing public with
the information for an enterprise activity assessment.
In the strategic accounts system the information
about opportunity costs and business struggle,
marketing policy of a firm, financial and money
risks, inflationary expectations, etc. It is the money
flows strategic accounts system that should be the
information basis for the strategic management
performance.

The foundation of management is the
availability of operating and exact accounting
information based on the bookkeeping and
managerial accounting. The composition of such
information is rather diverse: movement on accounts
and in the booking office of an enterprise,
earnings/receivables and payables of an enterprise,
tax payments budgets, credit accommodation and
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redemption organization plans, payments of interest,
procurement activities requirements demanding
prepayment, and mush of the sort. The information
itself arrives from different sources; its acquisition
and  collation  should  be  tried  and  tested  with
particular care as lagging and errors at the
information delivery can lead to severe effects for the
company as a whole. At that every enterprise defines
the form of delivery, information acquisition
frequency and flow of documents scheme.

The importance and value of the money flows
control at an enterprise is difficult to overestimate as
not only soundness of an enterprise at a definite time

period, but also its further development capability
and financial success achieving for a long-term
prospects depend on its quality and effectiveness.

The article is admitted to the International
Scientific Conference “Actual problems of
science and education”, Economic sciences,
Cuba, March, 19-30th 2007г., came to the
editorial office on 15.02.07


