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CONDITION OF RAT' LIVER WITH

EXPERIMENTAL IMMUNODEFICIENCY

Abstract. Aim of investigation is to determine the liver condition of

rats with experimental immunodeficiency. Immune deficiency (ID) in

rats was induced by the injection of the cytostatic cyclophosphamide.

The presence of ID was determined by lymphocytes levels (in the

blood) and lysocyme (in the serum and liver). The presence of

hepatitis was identified by the levels of biochemical markers of liver

inflammation (MDA, elastase) and cholestasis (ALP) as well as by the

level of "liver markers" (ALT, bilirubin, alkaline phosphatase - ALP)

in serum. Cyclophosphamide reduces the lymphocyte and lysocyme

levels, and increases hepatic levels of inflammatory markers and

cholestasis, and serum levels of "liver markers". Cyclophosphamide

causes the development of immunodeficiency and hepatitis.

Key words: immunodeficiency, liver,

hepatitis, enzymes.

Introduction

Immunodeficiency is an extremely common
pathological condition arising as a result of various
pathogenic factors (intoxication, radiation, viruses,
nutritional disorders, genetic defects) and is cha-
racterized, above all, by a reduction in non-specific
and specific antimicrobial protection [7, 1].

In the pathogenesis of pathological manifestations
of immunodeficiency dysbiosis plays a crucial role,
usually occurring as a result of weakening anti-
microbial protection [4, 10].

The fundamental basis of dysbiosis is overgrowth
of endogenous conditionally pathogenic, producing a
number of microbial toxins, among which intestinal
endotoxin lipopolysaccharide plays the most active
role (LPS) [12, 13]. Joint action of different microbial
toxins carries out not only the pathological effects on
physiological systems of the body, but also induces
activation of inflammatory and other protective
systems of the body [12].

As formulated in recent years, the most important
role in protecting against endogenous microbes is
played by the liver, namely its antimicrobial function
[8]. The level of the latter depends on the ability of
the liver to be a reliable barrier to gut microbes and
their toxins, and implement systemic inflammatory
response to pathogenic factors.

The purpose of this study was to determine the
condition of the liver in rats in which experimental
immunodeficiency was induced by using the
cytostatic cyclophosphamide, which is widely used in
chemotherapy of malignant tumors.

Aim of investigation

To determine the liver condition of rats with
experimental immunodeficiency.

Material and methods

Experiments were conducted on eighteen white
Wistar rats (male, 10 months, live weight 280 ± 12 g),
six of which were the control group, and 12 received
two injections of the cytostatic cyclophosphamide 50
mg/kg solution intraperitoneally with interval of two
days. Euthanasia of animals was carried out six at a
time at 7 and 14 days under sodium thiopental anes-
thesia (20 mg/kg) by total exsanguination of the
heart. We obtained serum and isolated the liver. In
whole blood we tested for leukocytes and leukocyte
formula [2]. Serum samples were tested for glucose
[5], malondialdehyde (MDA) [3], elastase activity
[3], catalase [3] and lysocyme [9] as well as the
level of "liver markers" bilirubin [5] activity of alanine
transaminase (ALT) [5] and the activity of alkaline
phosphatase (ALP) [3]. In liver homogenate MDA,
the activity of elastase, alkaline phosphatase, ca-
talase and lysozyme were tested for. Using the ratio
of catalase activity and MDA, we calculated
antioxidant-prooxidant index - API [3]. The results
were subjected to statistical analysis according to [6].

Results and Discussion

Table 1 shows the results of determination of the
content of leukocytes, neutrophils and lymphocytes in
the blood of animals injected with cyclophosphamide.
As can be seen from these figures, seven days into
the experiment the total number of white blood cells
is reduced by almost threefold, while at 14 days is
significantly increased, exceeding the rate of more
than two times. The proportion of neutrophils in the
composition of white blood cells in rats treated with
cyclophosphamide was significantly increased after
seven days, and the proportion of lymphocytes, ho-
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wever, was significantly reduced in rats after
administration of cyclophosphamide. The ratio of
lymphocytes/neutrophils, which is a measure of im-
mune deficiency [11] was significantly reduced in
rats after administration of cyclophosphamide.

Table 2 presents data showing biochemical para-
meters of serum in rats which were administered
cyclophosphamide. This data show that immune

deficiency significantly increases the level of glucose,
inflammatory markers, MDA and elastase, but signi-
ficantly reduces the activity of protective enzymes:
catalase and lysocyme. It can be said that immune
deficiency causes the development of systemic inf-
lammation [4, 10, 12].

Table 3 shows that administration of cyclo-
phosphamide increases levels of inflammatory mar-

Òàble 1

The content of neutrophils and lymphocytes in the blood of rats with immunodeficiency

(M±m, n=6)

Parameter Control 
Immune 

deficiency Day 7 

Immune 

deficiency Day 14 

Leukocytes, g/L 14,0±2,3 
4,5±1,2  
р<0,01 

29,0±6,4 
р<0,05 

Neutrophils, % 27,4±3,0 
37,3±2,5 

р<0,05 

39,6±2,2 

р<0,05 

Lymphocytes, % 55,6±2,7 
46,2±0,9 

р<0,01 

38,6±3,2 

р<0,01 

Lymphocytes/neutrophils 2,03±0,12 
1,24±0,09 

р<0,01 

0,97±0,08 

р<0,001 
Note: In Tables 1-5: р – relative to the contro 

 

Òàble 2

Biochemical parameters of serum of rats with immunodeficiency (M±m, n=6)

Parameter Control 
Immune 

deficiency Day 7 

Immune 

deficiency Day 14 

Glucose, mmol/L 6,95±0,46 
8,03±0,29 
р<0,05 

8,60±0,42 
р<0,05 

MDA, mmol/L 0,99±0,06 
1,31±0,12 

р<0,05 

2,21±0,08 

р<0,01 

Elastase, mkat/L 0,26±0,01 
0,32±0,02 

р<0,05 

0,34±0,01 

р<0,05 

Catalase, mkat/L 0,28±0,02 
0,22±0,01 

р<0,05 

0,20±0,02 

р<0,05 

Lysocyme, U/L 85±2 
51±5 

р<0,001 

45±5 

р<0,001 

 

Òàble 3

The level of markers of inflammation and cholestasis in rat liver with immunodeficiency

(M±m, n=6)

№ Group MDA, mmol/kg 
Elastase, 

mkat/kg 
ALP, mkat/kg 

1 Control 110,0±12,0 0,45±0,01 7,10±0,78 

2 
Immune deficiency  

Day 7 

167,8±11,1 

р<0,05 

0,58±0,04 

р<0,05 

9,56±0,96 

р>0,05 

3 
Immune deficiency 

 Day 14 

228,9±9,5 

р<0,01 

0,66±0,02 

р<0,01 

9,30±0,96 

р>0,05 
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kers in the liver (MDA and elastase) and cholestasis
(ALP), which indicates the development of hepatitis.
In favor of this evidence "liver markers" in serum are
also indicative (Table 4). All three markers were
significantly elevated in rats in which immu-
nodeficiency was modeled.

We considered that the development of hepatitis
in rats treated with cyclophosphamide, is the result of

significantly (3, 5 - 6 times) reduction in nonspecific
immunity, as evidenced by determining the activity of
lysocyme (Table 5).

Thus, the investigation we conducted studying the
liver when modeling experimental immunodeficiency
give reasonable grounds for recommending the use
of hepatoprotector drugs in patients with immuno-
deficiency, particularly during chemotherapy of

Òàble 4

The level of "liver" markers in the serum of rats with immunodeficiency (M±m, n=6)

Òàble 5

Activity of lysocyme and catalase in rat liver with immunodeficiency (M±m, n=6)

№ Group Bilirubin, µmol/L 
ALT,  

µkat/L 
ALP, µkat/L 

1 Control 4,17±0,27 0,33±0,01 1,20±0,33 

2 
Immune deficiency  
Day 7 

4,03±0,14 
р>0,5 

0,44±0,03 
р<0,05 

2,34±0,33 
р<0,05 

3 
Immune deficiency 
 Day 14 

5,58±0,54 
р<0,05 

0,46±0,03 
р<0,05 

3,22±0,52 
р<0,05 

 

№ Group Lysocyme, U/kg 
Catalase, 

mkat/kg 

1 Control 83±20 6,27±0,10 

2 
Immune deficiency  
Day 7 

25±12 
р<0,05 

6,16±0,06 
р>0,3 

3 
Immune deficiency 
Day 14 

14±6 
р<0,01 

6,18±0,08 
р>0,3 

 malignant tumors.

Conclusions

1. Administering cyclophosphamide causes the
development of immunodeficiency, as evidenced by a
significant decrease in the number of lymphocytes
and lysocyme activity.

2. The result of the immune deficiency is the
development of hepatitis and systemic inflammation.

3. It can be considered necessary to prescribe
hepatoprotectors in patients with immunodeficiency
conditions.
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ÑÒÀÍ ÏÅ×²ÍÊÈ Ó ÙÓÐ²Â Ç
ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÈÌ ²ÌÓÍÎÄÅÔ²ÖÈÒÎÌ

Â.Ë. Âàñþê, Ò.Î. ²ëàùóê

Ðåçþìå. Ìåòîþ äîñë³äæåííÿ º âèâ÷åííÿ ñòàíó ïå÷³íêè
ó ùóð³â ³ç åêñïåðèìåíòàëüíèì ³ìóíîäåô³öèòîì. ²ìóíî-
äåô³öèò ó ùóð³â áóâ ñïðîâîêîâàíèé ââåäåííÿì öèòîñòàòèêà
öèêëîôîñôàíó, ÿêèé øèðîêî âèêîðèñòîâóþòü ïðè õ³ì³î-
òåðàï³¿ çëîÿê³ñíèõ ïóõëèí. Ïðî ðîçâèòîê ³ìóíîäåô³öèòó ï³ä
ä³ºþ öèêëîôîñôàíó ñâ³ä÷èòü çíèæåííÿ â êðîâ³ ð³âíÿ ë³ì-
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ôîöèò³â òà ë³çîöèìó. Â ïå÷³íö³ ï³äâèùóºòüñÿ ð³âåíü ìàðêåð³â
çàïàëåííÿ, à â ñèðîâàòö³ êðîâ³ - ð³âåíü "ïå÷³íêîâèõ"
ìàðêåð³â, ùî âêàçóº íà ðîçâèòîê ãåïàòèòó.

Êëþ÷îâ³ ñëîâà: ³ìóíîäåô³öèò, ïå÷³íêà, ãåïàòèò, ôåð-
ìåíòè.

ÑÎÑÒÎßÍÈÅ ÏÅ×ÅÍÈ Ó ÊÐÛÑ Ñ
ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÛÌ ÈÌÌÓÍÎÄÅÔÈÖÈÒÎÌ

Â.Ë. Âàñþê, Ò.À. Èëàùóê

Ðåçþìå. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå ñîñ-
òîÿíèÿ ïå÷åíè ó êðûñ ñ ýêñïåðèìåíòàëüíûì èììóíîäå-
ôèöèòîì. Èììóíîäåôèöèò ó êðûñ áûë ñïðîâîöèðîâàí
ââåäåíèåì öèòîñòàòèêà öèêëîôîñôàíà, êîòîðûé øèðîêî
èñïîëüçóåòñÿ â õèìèîòåðàïèè çëîêà÷åñòâåííûõ íîâîîáðà-

___________

çîâàíèé. Î ðàçâèòèè èììóíîäåôèöèòà ïîä äåéñòâèåì
öèêëîôîñôàíà ñâèäåòåëüñòâóåò ñíèæåíèå â êðîâè óðîâíÿ
ëèìôîöèòîâ è ëèçîöèìà. Â ïå÷åíè ïîâûøàåòñÿ óðîâåíü
ìàðêåðîâ âîñïàëåíèÿ, à â ñûâîðîòêå êðîâè - óðîâåíü
"ïå÷åíî÷íûõ" ìàðêåðîâ, ÷òî óêàçûâàåò íà ðàçâèòèå ãåïàòèòà.

Êëþ÷åâûå ñëîâà: èììóíîäåôèöèò, ïå÷åíü, ãåïàòèò,
ôåðìåíòû.
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