Biological sciences
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Some results of cytochemical study of bottle-nosed dolphins and harp seals lymphocytes in captivity are pre-
sented. Composition of lymphocyte population by activity of nonspecific esterase (NE) and succinate dehydroge-
nase, number and strength of correlations of lymphocyte distribution parameters for activity of these enzymes and
the number of glycogen containing lymphocytes are different in healthy, sick, adapted and nonadapted to captivity
conditions dolphins. In seals during early stages of adaptation to captivity and disease were observed significant

changes of NE activity.
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Evaluation of structure of lymphocyte
population according to cytochemical signs
permits not only to determine but also to pre-
dict the state of lymphoid system because
metabolic reactions underlie immunologic
processes. T- and B-lymphocytes of a number
of land animals differ in activity of acid phos-
phatase, nonspecific esterase, dehydrogenases.
At the same time coordination of hydrolytic
and oxidation enzymes activity changing, cer-
tain correlation between lymphocytic groups
with different cytochemical characteristics are
necessary for effective development of immu-
nologic processes.

Cytochemical investigations were car-
ried out with the aim of finding possibili-
ties to evaluate structure changing of blood
lymphocyte population in cetaceans and pin-
nipeds occurring under influence of factors
that exert on lymphoid system of wild ani-
mals in captivity. It is also possible that dis-
tribution of lymphocytes according to meta-
bolic parameters will allow to consider from
different points of view long-stated question
[4] on evolutionary conditioned differences
in immunologic reactivity of sea mammals
and present-day land mammals.

Materials and methods of research

Venous blood from 41 bottle-nosed dolphins,
20 pups of harp seal kept in oceanarium (and from harp
seals kept under natural conditions) served as investiga-
tion material. Blood smears showed nonspecific ester-
ase [11], succinate dehydrogenase [13], glycogen [12].
Preparations were studied under oil immersion. Enzyme
activity was estimated “‘semi-quantitative”, counting dye
granules. Percentage of lymphocytes with different types
of reaction and glycogen-containing lymphocytes were
also determined. Sampling volume of lymphocytes was
100 cells, when determining succinate dehydrogenas ac-
tivity number of cells was 50. Statistical analysis included
determination of mean (M); standard deviation (S); varia-
tion coefficient (V); asymmetry (As); kurtosis index (Ex);
information entropy (H), information redundancy (R) and
Pirson correlation coefficients between these indexes.

Results of research and their discussion

In bottle-nosed dolphins and beluga dif-
ference among leucocytes by intensity of non-
specific esterase (NE) reaction is similar to ob-
served in man [14] and monkey [9]. Activity
of NE is highest in monocytes. Granulocytes
are esterase-negative or show diffuse staining.
Contrary to this, enzyme activity in granulo-
cytes of seals proved to be high as in mink and
polar fox [16].

In lymphocytes coloured product of reac-
tion localized in 1 to 20 granules with clear
cut borders. One of granules opposite indent
in nucleus, was larger than others. There are
two types of reactions found earlier in man,
depending on shape and size of this granule:
“paranuclear” (PN) — product of reaction that
occupied most of cytoplasm and looks like
a cap, and “granular” — product of reaction
is localized in limited sites of cytoplasm in
form of rounded and oval granules (Fig. 1).
The first reaction type is characteristic of
T-cell suppressors and of null lymphocytes,
the second reaction type is characteristic of
T-lymphocytes-helpers and partly of B-lym-
phocytes of man [6].

Product of succinate dehydrogenase (SDH)
reaction is concentrated in granules of identi-
cal size. Lymphocytic granula, in contrast to
granulocytes, are larger. Their number varies
significantly — from one to dozens of them.

In contrast to other leucocytes coloured
diffusely, PAS-positive (periodic acid — Shiff
reaction positive, i.e. containing glycogen)
lymphocytes of dolphins contain granula, most
often single, that seldom form exclusive circle
around nucleus. There also occurs a special
type reaction — in the form of large spots of
rounded or irregular shape. This fact hampers
accepted evaluation of intensity of reaction by
points. Therefore we estimated only percent-
age of PAS-positive lymphocytes.
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Fig. 1. Cytochemical reactions in bottle-nosed dolphin lymphocytes. Nonspecific esterase:
a — “paranuclear” reaction; b — “granular” reaction. PAS-reaction: ¢ — large granules
of irregular shape; d — small oval granules. Succinate dehydrogenase in small (¢)
and in large (f) lymphocytes. Oil immersion, 1000x

In seals PAS-positive lymphocytes were
found only in two cases (one cell out of 100),
while content of glycogen in granulocytes is
significant. This fact is of interest as amount
of glycogen in cells of other organs and tis-
sues of seals (skeletal and heart musculature,
liver, kidneys, brain) is great, higher than in
land mammals [5].

Analysis of estimation results of cyto-
chemical reactions in bottle-nosed dolphins
carried out in four groups of animals: healthy;
healthy adapted (kept in oceanarium for no less
than a year); healthy nonadapted (from 2 to
5 months of life in captivity) and sick animals
affected by respiratory and skin diseases. Mor-
tality among dolphins is highest during the first
six months in captivity and after a year mortal-
ity among captured animals decreases sharply
[1]. This permits to expect essential differences
in adaptive abilities among indicated groups of

animals and associated cytochemical features
of blood lymphocyte population.

Statistic values of lymphocyte distribu-
tion between groups of bottle-nosed dolphins
reveal differences (P =0,99). Sick dolphins
differ from healthy ones by lower mean ac-
tivity of SDH (18,60 + 0,32 and 21,40 + 0,25
phormazan granules per one lymphocyte, re-
spectively), by higher variation coefficient,
asymmetry and excess of lymphocytes distribu-
tion according to this value. They have higher
number of PN lymphocytes (36,0 + 1,1 % con-
trary to 31,0 + 0,8 % in healthy ones). Variabil-
ity of relative number of PAS + lymphocytes is
high: 4-63 % in healthy animals and 5-76 % in
sick ones; mean values being 24,4 + 0,8 % and
22,6 + 1,0%, respectively. In healthy adapted
bottle-nosed dolphins number of lymphocytes
containing glycogen (26,7 +£1,0% ) is higher
than in nonadapted ones (19,9 + 1,3 %).
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Fig. 2. Correlations of lymphocyte distribution parameters according to NE and SDH activity
and number of PAS-positive lymphocytes in different groups of dolphins

Significant differences were revealed by
correlation analysis (Fig. 2, shows correlations
authentic at P = 0,95).

Highest correlation level of distribution fea-
tures of lymphocytes is in healthy nonadapted ani-
mals. Correlation trend corresponding to processes
that develop at lymphocyte activation: increase of
enzymatic activity of lysosomes and mitochondria
is accompanied by decrease of glycogen amount
[8]. Intensified correlation between values of acid
phosphatase and dehydrogenases activity was ob-
served in some professional diseases [15].

During first months of captivity there devel-
ops a state in nonadapted bottle-nosed dolphins
considered to be a pre-existing disease caused by
increasing microbial contamination [3]. Judging
by presented data, significant shifts in immune
system are characteristic of this state manifesting
themselves in intensifycation of accompanying ac-
tivation processes of lysosomal and mitochondrial
enzymes and utilization of lymphocytic glycogen.

To find NE in blood smears of seals two
kinds of procedure were used: long (21 hrs)
and short (2 hrs) periods of smear incubation
in a reaction mixture. Two types of cells are
distinguished among lymphocytes of seals, as
in bottle-nosed dolphins and belugas too: those
with paranuclear and those with granular re-
action. When incubation period is short, part
of lymphocytes show negative response and
part of them show a positive response to NE
(T-cells, supposedly). Relative number of the
last ones in pups (aged about a month) that fin-
ished suckling, was 59,0 = 4,3 %, that is close
to value obtained for mature humans — 61 %
[7]. On day 3 after being placed into ocean-
arium, pups showed an average decrease of
esterase-positive lymphocytes comparing with
intact animals. Value decreased still more by
day 10 of animal’s stay in oceanarium when
they survived their transportation by helicopter
and were learning to feed on fish (Table).

Percentage of esterase-positive lymphocytes
in harp seals in various periods of their life in oceanarium

Period of life in oceanarium, days
Seal number
3 10 18
1 23,0£4,3 7,0+3,8 54,0£5,0
2 14,0£3,5 33,0+4,7 65,0+4.,8
3 36,0+£4,8 29,0+4,5 74,0+4.4
4 41,0+4,9 26,0 +4,4 73,0+4,5
5 34,0+£4,8 20,0+£4,0 49,0+5,0
6 59,0 +4,9 25,0+43 76,0 £4.3
7 58,0+4,9 14,0£3.5 52,0£5,0
M=£m 37,9+5,8 220+1,1 63,3 +4,0
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On day 18 value increased reaching lev-
el in animals living in their natural environ-
ment. It is characteristic that while differ-
ences among individual cases on days 3 and
10 have low statistical authenticity (seals
Ne 3, 4, 5) and in one case (Ne 2) there was
an increase in count of esterase-positive
lymphocytes, differences among observed
cases on days 10 and 18 were authentic in
all cases (P =0,99). By that time seals ac-
tively fed on fish, grew accustomed to room
and baths where they stayed. After birth
there occurs a sharp increase in number of
NE+ lymphocytes in man [10], that is as-
sociated with formation of immune system,
differentiation of T-cells. High number of
NE* lymphocytes in pups of harp seal during
the first month of life seems to reflect those
processes. On other hand, they show a high

similar in their esterase reaction patterns
to null lymphocytes and lymphocytes-sup-
pressors. This agrees with view on inferior
immunity of seal pups [2].

Having had pneumonia, a pup of harp seal
showed changes in NE activity in lymphocyte
population (Fig. 3). Number of lymphocytes
showing paranuclear reaction to NE increased
on recovery from 23,0 +4,3 % to 70,0 + 4,6 %,
and the mean number of esterase-positive gran-
ules decreased from 5,93 + 0,54 to 4,15 + 0,39,
i.e. their values approached their level in
healthy wild pups of seals.

Conclusion

Thus, cytochemical features of lymphocyte
population and, particularly, their correlating
relationships can be used for development of
quite sensitive criteria to evaluate the state of

percentage of lymphocytes (53,0 + 1,9) lymphoid system of seals and dolphins when
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Fig. 3. Distribution of harp seal lymphocytes according to number of esterase-positive granules:
a —in active phase of disease; b — a week after start of antibiotic treatment; ¢ — 4 months
after disease signs disappeared; d, e — after subsequent 2 and 6 days; 6 — n overall distribution
of lymphocytes in 12 wild healthy pups. On axis X — number of NE* granules,

on axis Y — % of lymphocytes
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adapting to captivity and when sick. Revealed
peculiarities of blood lymphocytes composi-
tion by cytochemical features can be used to
control flow of dolphins adaptation to captivity
and its correction by drugs affecting function
and metabolism of lymphoid cells. Degree of
approximation of cytochemical parameters and
correlations between them in adapting animals
to those in healthy dolphins adapted can be
used as indicator of adaptation level.
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