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Leukocyte count decreased, relative content of neutrophils and monocytes increased, and their 
phagocytic activity was suppressed in rats with 1-methyl-4-phenyl-l,2,3,4-tetrahydropyridine- 
induced depressive syndrome at the stage of acute behavioral depression. The severity of 
behavioral depression inversely correlated with changes in the absolute neutrophil and mono- 
cyte counts. 
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We elaborated a model of dopamine deficiency-depen- 
dent experimental depressive syndrome (DS) caused 
by proneurotoxin 1 -methyl-4-phenyl- 1,2,3,6-tetrahydro- 
pyridine (MPTP) [7]. The adequacy of this model was 
proved in pharmacological experiments and in studies 
of REM sleep characteristics [4]. It is known that de- 
pression leads to immune disorders [2,3,12]. In pa- 
tients with endogenous depression, the count of leu- 
kocytes, granulocytes, and monocytes increased [11, 
14], while the total content of  lymphocytes, absolute 
number of  T and B lymphocytes [ 13], and neutrophil 
phagocytic activity decreased [9]. Previous studies on 
rats with MPTP-induced DS showed that the lympho- 
cyte count, absolute and relative contents of T lym- 
phocytes, and the absolute number of peripheral blood 
B lymphocytes decreased, while the concentration of 
circulating immune complexes increased [11 ]. We ela- 
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borated a method for estimating the severity of beha- 
vioral depression in rats [6]. To confirm the adequacy 
of MPTP-induced DS to clinical depression, we measu- 
red the contents of leukocytes, neutrophils, and mono- 
cytes and phagocytic activity of peripheral blood poly- 
morphonuclear leukocytes in rats at various stages of 
experimental DS. 

MATERIALS AND METHODS 

Experiments were performed on 78 male albino Wist- 
ar rats weighing 320-380 g and kept in a vivarium 
under standard conditions, natural light-dark cycle, 
and free access to food and water. DS was induced by 
daily intraperitoneal injections of MPTP in a single 
dose of 20 mg/kg (1 ml/kg body weight, Institute of 
Pharmacology) for 14 (series I) or 13 days (series II). 
Control rats were injected with physiological saline 
(1 ml/kg body weight). Each experimental and con- 
trol groups included 27 (series I) or 12 animals (se- 
ries II). MPTP was dissolved in physiological saline 
immediately before the experiment. The development 
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of DS was confirmed by low water intake (motivation 
state), preference for 10% sucrose (hedonic distur- 
bances), immobilization time (behavioral despair) and 
high depression index in the forced swimming test 
(biorhythm disturbances), and decreased body weight 
[1,7]. The severity of behavioral depression was scored 
as described elsewhere [6]. The state of rats during the 
last days of MPTP administration was considered as 
acute behavioral depression. 

For estimation of neutrophils phagocytic activity 
(series I), the animals were decapitated 1 day (14 ex- 
perimental and 14 control rats), 1 (7 experimental and 
7 control rats), and 2 weeks (6 experimental and 6 
control rats) after the last injection of MPTP, and the 
blood was collected. For evaluation of leukocyte, neu- 
trophil, and monocyte content (series II), the blood 
was taken from the caudal vein 1 day, and 2 and 4 
weeks after the last MPTP injection. Leukocytes were 
in a Goryaev chamber. Neutrophils and monocytes 
were counted in blood smears by routine methods. To 
evaluate phagocytic activity of neutrophils, the blood 
(0.2 ml) stabilized with 4% sodium citrate was incu- 
bated with 0.2 ml 1-day-old culture o f  Staphylococcus 
aureus (strain Zhaev) at 37~ for 30 rain. Blood smears 
were air-dried, fixed with methanol for 3 min, and 
stained by the method of Romanovsky---Giemsa. The 
phagocytic number (count of neutrophils phagocytiz- 
ing bacteria) and phagocytic index (mean number of 
bacteria per phagocyte) were estimated by microscopy. 

The results were analyzed by parametric unpaired 
Student's t, nonparametric unpaired Mann--Whitney 
tests, and ONE-WAY ANOVA followed by Student-- 
Newman--Keuls multiple comparison test (Primer 
software). Correlation between the severity of  DS and 
changes in phagocytic activity of neutrophils or con- 
tents of leukocytes, neutrophils, and monocytes was 

estimated by nonparametric Spearman rank correlation 
and linear correlation tests (Statgraphics software). 

RESULTS 

In series I, there were no statistically significant dif- 
ferences in the severity of behavioral depression be- 
tween experimental rats decapitated 1 day, 1 and 2 
weeks after the last injection of MPTP (5.440.7, 6.6+ 
1.1, and 7.7:L-0.9 points, respectively). No differences 
were also found between the corresponding control 
groups (1.4i-0.8, 1.3i-0.7, and 1.7i-0.6 points, respec- 
tively). The severity of behavioral depression in MPTP- 
treated rats was much higher than in the control (p<0.01, 
Mann--Whitney test). 

Phagocytic activity of neutrophils decreased in 
MPTP-treated rats at the stage of marked behavioral 
depression. These animals had lower phagocytic num- 
ber and phagocytic index compared to the control (Fig. 
1, a, b). The phagocytic number also decreased 1 week 
after the last injection of MPTP. In addition, this pa- 
rameter at the stage of marked behavioral depression 
was lower that 2 weeks after the last injection of MPTP 
(F(2.24)=7.98, p<0.01, ONE-WAY ANOVA). The pha- 
gocytic number in control rats did not vary at differ- 
ent periods of  examination. The dynamics of changes 
in the phagocytic index was similar in MPTP-treated 
and control animals (F(2.24)=8.74 and F(2.24)=8.65, 
respectively, p<0.01): 1 day after the last injection of 
preparations, this parameter was higher than 1 and 2 
weeks later. 

In series II, the count of leukocytes decreased, 
while the relative contents of neutrophils and mono- 
cytes increased in MPTP-treated rats at the stage of 
marked behavioral depression (6.5+0.88 vs. 0.3+0.2 
points in the control, p<0.01, Mann--Whitney test) 
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Fig. 1. Phagocytic number (a) and phagocytic index (b) in rats with depressive syndrome 1 day (1), 1 (2) and 2 (3) weeks aRer the last injection 
of preparations. *p<0.001 and **p<0.05 compared to the control (Student's t test); *p<0.05 compared to the parameter 1 day after the last injeclion 
of MPTP (Student--Newman---Keuls test, ONE-WAY ANOVA). Here and in Fig. 2: control (light bars) and MPTP (dark bars). 
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Fig. 2. Content of peripheral blood leukocytes (a), neu~'ophils (b), and 
monocytes (c) in rats with depressive syndrome 1 day (1), 2 (2), and 
2 (3) weeks after the last injection of preparations. */o<0.001 and 
",o<0.01 compared to the control (Student's t test); "p<0.05 compared 
to I day aAer the last i n j ~  of MPTP; ~ compared to previous 
period (Student--Newman~Keuls test, ONE-WAY ANOVA). 

(Fig. 2, a, b). Two weeks after the last injection of 
preparations, the count of leukocytes and absolute and 
relative contents of neutrophils and monocytes in ex- 
perimental rats surpassed the control (Fig. 2, a-c). 
Four weeks after the last injection of preparations, 
there were no differences in these parameters between 
MPTP-treated and control animals. Changes in the 
content of immunocompetent cells in experimental 
rats attested to normalization of immunological para- 
meters 4 weeks after the last injection of MPTP (Fig. 
2). In control animals these parameters did not vary. 

The severity of DS was inversely related to the 
phagocytic number in experimental and control rats 
(Table 1). Moreover, the severity of DS in control 
animals inversely correlated with the phagocytic in- 
dex. In experimental rats, the severity of DS inversely 
correlated with the absolute content of neutrophils and 
monocytes. The leukocyte count and relative contents of 
neutrophils and monocytes were also characterized by 
high rank correlation coefficients (insignificant, p>0.05). 

Regression analysis revealed an inverse linear cor- 
relation between the severity of DS and phagocytic 
number in MPTP-treated rats (linear correlation coef- 
ficient -0.56, p<0.05). The coefficient of linear corre- 

lation between the severity of behavioral depression 
and absolute contents ofneutrophils and monocytes in 
these animals was -0.55 (insignificant). An inverse li- 
near correlation between the severity of DS and ph- 
agocytic number or phagocytic index was also found 
in control rats (linear correlation coefficients -0.83 and 
-0.80, respectively, p<0.01). 

Despite the fact that the phagocytic number de- 
creased only in rats with DS, an inverse linear corre- 
lation between the severity of behavioral depression 
and phagocytic number was typical of both MPTP- 
treated and control animals. The phagocytic index 
changed similarly in these rats. Our findings indicate 
that changes in phagocytic activity of aeutrophils are 
related to the effects of  some common factors. It is 
known that stress leads to depression and changes 
immunological parameters [3,8,11]. Repeated admin- 
istration of preparations probably serves as a stress 
factor [5]. Therefore, experimental stress can change 
the phagocytic activity of neutrophils. However, the 
interrelation between these variations and depression 
can not be excluded, because severe depression was 
shown to be accompanied by low phagocytic activity 
of leukocytes [9]. Phagocytic activity of blood cells 
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decreases in rats with experimental depression caused 
by removal of the olfactory bulb [10,15]. Moreover, 
MPTP can change phagocytic activity in rats. 

The count of leukocytes, granulocytes, monocytes, 
and platelets increases in patients with severe depres- 
sion [14]. It is believed that high content ofmonocytes 
is associated with immune dysfunction during depres- 
sion. After antidepressant therapy, the content of mono- 
cytes progressively decreases. Here we studied changes 
in the total content of monocytes and neutrophils. In 
our experiments, the relative content of  these cells was 
elevated at the stage of marked behavioral depression. 
Furthermore, their relative and absolute contents also 
increased 2 weeks after the last injection of MPTP. In 
rats with DS, the count of leukocytes was low at the 
stage of marked behavioral depression, increased 2 
weeks after the last injection of MPTP, and then re- 
turned to normal. Therefore, changes in immunologi- 
cal parameters depend on the stage of DS. 

Our findings and published data [1] indicate the 
development of secondary immune deficiency and low 
immune resistance in rats with MPTP-induced DS. 
These signs are typical of clinical depression. There- 
fore, this experimental DS corresponds to clinical de- 
pression. The search for new antidepressants and stu- 
dies of their effects can be performed on the model of 
MPTP-induced DS. Furthermore, this model of  DS 
holds much promise for studying changes in immuno- 
logical parameters at various stages (including the ear- 
ly period) of depression. 

This work was supported by the Russian Founda- 
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