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CHANGES  IN  BIOCHEMICAL  AND  CELLULAR  STRUCTURE  OF  RATS  BLOOD  
UNDER  NDMA  ACTION  AND  UNDER  CYTOFAT  PREPARATION  CORRECTION 

Мақалада нитрозодиметиламиннің қан жүйесі қызметіне əсер етуі беріледі. Бұл дəрі қан, 
бауыр, бүйрек, жүрек жұмысын анықтайтын биохимиялық көрсеткіштерінің өзгеруіне 
əкелетіні дəлелденген. Эксперименталды жануарлардың организміне препарат əсері толық 
биохимиялық тұрғыдан талданған. 

В статье дается характеристика воздействия нитрозодиметиламина на кровеносную сис-
тему. Доказано, что нитрозодиметиламин в эксперименте изменяет биохимические показа-
тели состава крови, печени, почек, работы сердца. 

 
The lab rodents` biochemical and cytological parameters under the N-nitrosodimethylamine (NDMA) 

action with the application of the hepatoprotector Cytofat have been researched. The received models can be 
successfully used in ecology and pathology areas. 

Severe weakness, dysfunction of cardiovascular, respiratory systems and thermoregulation are shown 
under N-nitrosodimethylamine (NDMA) acute poisoning [9]. Moderate changes of protein, carbohydrate and 
other kinds of metabolism are also observed. Peripheral blood is characterized by transit leucopenia follow-
ing by leukocytosis; thrombocytopenia, tendency to anemia [4]. In liver cytochrom P-450 is replaced by non-
active P-420 form. [3]. Sever protein and carbohydrate dystrophy of hepatocytes with necrobiosis and cen-
trobular necrosis development, protein- building and carbohydrate function suppression, nuclear metabolism 
dysfunction, and further — liver fibrosis and chronic hepatitis development are morphologically shown 
[1,2,5,11]. According to some authors` results, oxidative and hepato-toxic effects of NDMA are more seen 
under the moderate dozes of toxicant and their doubling rather than one big doze using [2]. Acute toxic ne-
crosis with the nephritic component, membrane or serologic glomerulonephritis are observed in kidneys 
[8,10]. 

Significant circulator dysfunctions, protein dystrophy signals are observed in myocardium [6]. In-
creased level of vascular penetration is observed in all internal organs [7,9]. 

The progressive liver insufficiency symptoms (dysfunction of protein, carbohydrate and pigment me-
tabolism) are the characteristics of the chronic intoxication. The other (less shown) symptoms are: kidney 
insufficiency and decreasing of some hematology indexes. Chronic hepatitis (following by the cirrhosis), 
chronic nephrosonephritis, sometimes membrane glomerulonephritis are morphologically observed [1]. 

The analysis of cytological and morphological blood indexes shows the following: erythrocytes amount 
is 28,75 % (p <0,001) less under acute and chronic intoxication by NDMA; leucocytes amount is sufficiently 
higher — 81,94 % (p <0,001) in the second group of the animals; leucocytes amount is moderately higher — 
30,15 % (p <0,001) in the fourth group compare to the blood parameters of control rats. After preparation 
Cytofat introduction leucocytes amount got close to the control data, which is an evidence of the inflamma-
tory process decreasing. The moderate decreasing of hemoglobin — 17,12 % and decreasing of color index 
— 27,83 % are observed in the second group of the animals under the acute intoxication. The hemoglobin 
concentration and color index were not changed sufficiently in the forth and fifth groups of the animals. Af-
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ter preparation Cytofat introduction hemoglobin level got 16 % less but color index got back to normal. ESR 
is within the norm limits (Table 1). 

In the second group of the tested animals the amount of stab neutrophils in differential blood count was 
26,67 % (p <0,001) higher, the amount of segmented neutrophils 35,83 % (p <0,001) less, the amount of 
eosinophils 17,15 % (p <0,001) less, the amount of monocytes 53,57 % (p <0,001) higher, the amount of 
lymphocytes was not changed compare to the control data. In the forth group the amount of segmented neu-
trophils was 42,24 % (p <0,001) higher, the amount of eosinophils 97 % (p <0,001) higher, the amount of 
monocytes 264,27 % (p <0,001) higher, the amount of lymphocytes 26,52 % (p <0,01) less compare to the 
amount of leucocytes morphological forms of control animals blood (drawing 1). 

T a b l e  1  

Changes of hematology parameters under intoxication by NDMA and detoxication by Cytofat preparation 

Parameters 
 

Control 
 

Priming NDMA, 
acute 

Priming NDMA,
acute + Cytofat 

Priming NDMA, 
chronic 

Priming NDMA,
chronic + 
Cytofat 

Erythrocytes 
(* 10/12 L) 

5,56±0,03 4,00±0,04*** 4,36±0,08*** 3,96±0,08*** 4,15±0,06*** 

Hemoglobin 
(g/l) 

135,15± 
0, 48 

111,90± 
2,02 ** 

113,40±2,29* 
 

134,60±3,44 
 

133,00±2,62 
 

Color index 
(units) 

1,15±0,01 0,83±0,01 0,99±0,01 1,00±0,01 0,90±0,01 

ESR (mm/h) 3,85±0,15 4,40±009 3,6±0,2 4,40±0,28 2,00±0,05 

Leucocytes  5,87±0,16 10,68±0,01*** 8,9±0,2*** 7,64±0,34** 7,15±0,24*** 

Note: * — p<0,05; ** — p<0,01; *** — p<0,001 compare to the control animals data 

 
At introduction of Cytofat preparation in the third group of the animals the following blood parameters 

were observed: the amount of neutrophils 53,96 % higher, the amount of eosinophils10 % higher, the amount 
of monocytes 6,98 % less, the amount of lymphocytes 9,5 % less compare to the second group data. At in-
troduction of Cytofat preparation the improvement of differential blood count compare to the data of затрав-
ленных groups was observed (Drawing 1 a, b). 

Neutrophil leukocytosis with the deviation to the left is an evidence of intoxication acute form. 
Eosinopenia is the other evidence of acute damage and stress development. Relative monocytosis, most 
likely, is caused by the strengthening of immune reply to the intoxicant presence. 
 

 
a 
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b 

Drawing 1. The differential blood count of control rats and of rats toxicated by NDMA. a — acute intoxi-
cation, b- chronic intoxicatio 

Moderate leukocytosis with the neutrophilosis and nuclear deviation to the right in this group of the 
animals are the evidences of leukomoid reaction, caused by production increasing and leucocytes moving 
from bone marrow to blood. As a result, decreasing of the leucocytes amount in a bloodstream. Eosinophilia, 
observed in this group, might be caused by organism sensitization and slowing down form of allergy devel-
opment; relative lymphocytopenia might be caused by increasing neutrophilia. Monocytosis, observed in this 
group animals blood, shows strengthening of the immune processes in organism. 

Biochemical parameters data of the control group animals are given in the Table 2. 

T a b l e  2  

Biochemical parameters of control group rats blood 

Parameters Measure units Amount Parameters Measure units Amount 
 

1 2 3 4 5 6 

АLТ N mol/l 323,8±10 Cholesterol M mol/l 1,75±0,23 

Total bilirubin Mc mol /l 13,8±0,68 Triglycerides M mol/l 1,15±0,07 

Combined 
bilirubin  

Mc mol/l 3,35±0,16 Glucose M mol/l 6,4±0,3 

Alkaline 
phosphatase 

Un/l 418±31,5 a-amylase Мg/l 64,69±1,5 

Total protein Г/л 69±2,26 АcAt N mol/l 353±10,8 

Thymol turbid-
ity test  

Un/l 1±0,06 GGTP Un/l 9±0,45 

Blood urea M mol/l 4,97±0,4 LDH Un/l 450±6,8 

Uric acid M mol/l 230±0,4 КК Un/l 777±49 

Creatinine Mc mol/l 54,8±0,25    
 

Under acute Priming, the glucose amount gets 19,59 % (p <0,001) higher, under chronic Priming by 
NDMA this parameter gets 99,5 % (p <0,001) higher (drawing 2), which is an evidence of carbohydrate me-
tabolism change caused by NDMA intoxication. 
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As for the a-amylase activity change, it has decreased at 40,01 % (p <0,001) in the second group, and at 
30,06 % (p <0,001) in the forth group, which shows the carbohydrate oxidation change with their decay in 
tissues slow down. 

The glucose amount has increased at 12,6 % (p <0,05) in the third group, at 106,87 % (p <0,001) in the 
fifth group; the a-amylase amount has decreased at 38,78 % 

(p <0,001) in the third group, at 10,97 % in the fifth group. Cytofat application does not cause changes 
in blood glucose amount, but the a-amylase activity is improved compare to the priming group. 

 

Drawing 2. Blood glucose and a-amylase amount changing under the priming by NDMA and Cytofat 
preparation correction 

According to our researches results, NDMA (chronic priming) caused increasing of: blood triglycerides 
at 18 % (p <0,001), cholesterol at 36,57 % (p <0,001). This confirms the change in lipid metabolism under 
chronic intoxication by НДМГ products. Perhaps, this is connected to the liver function damage and the fol-
lowing increasing of liver lipoprotein secretion into the plasma (Drawing 3). Using hepatoprotector Cytofat 
has caused the increasing of: blood triglycerides at 5,47 % (p <0,001), cholesterol at 17 % (p <0,01) compare 
to the control data. This confirms positive effect of the preparation. Total blood protein content in plasma is 
increased at 42,95 % (p <0,01) in the second group, at 9,7 % in the fourth group. Thymol turbidity test has 
increased at 386 % (p <0,001) in the second group and was within norm limits in the forth group. Under 
acute Priming with the previous Cytofat using the protein level in the animals blood was 39,98 % less. Under 
chronic priming with the Cytofat correction it was 3,65 % higher compare to the control animals. 

According to the experiments, the urea level in the fourth group of the animals receiving NDMA in a 
doze of 4 mg/kg, has decreased at 17,06 % (p <0,01), the significant changes were not observed in the sec-
ond group. The uric acid level has increased at 9,08 % in the fourth group of the animals, in comparison with 
the first group data, and has remained within the limits of the control group data in the second group of the 
animals. The creatinine level has been changed slightly in the experimental groups only in the second group 
of the animals, receiving NDMA (40mg/kg), compare to the control data the creatinine level has decreased at 
14,04 % (Drawing 4). 

The experiments have proved, that shown moderate dysproteinemia can be explained as an initial phase 
of protein metabolism dysfunction under NDMA influence. Unsymmetrical dimethylhydrazines (UDMH) 
(1,1-Dimethylhydrazine) products action at the various ferment systems is not specific. It can cause either 
increase or suppression of the enzymes activity. 

The mechanism of hydrazine products toxic action is based on their non-ability to inhibit of enzymes — 
transaminases, aminoxydases, decarboxylases and others. It leads to the phosphorilation, decarboxylation, 
oxidations, and other important vital processes reactions change [3]. 

The following changes in the enzymes activity have been found: transaminases activity in the experi-
mental groups was authentically higher than the control data; ALT activity in the second group was 
161,58 % (p <0,001) higher, and 101 % higher in the fourth group (drawing 5). 
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Drawing 3. Plasma triglycerides and cholesterol content changing under priming by NDMA with the cor-
rection by Cytofat 

Under detoxication by Cytofat the ALT activity was 82 % (P <0,5) less in the second group and 2,25 % 
less in the fifth experimental group of the animals compate to the control data. 

АсАТ activity was increased as well — at 58,96 % (p <0,001) in the second group of the animals, at 
303,37 % (p <0,001) in the fourth group of the animals. In the third group of the animals this parameter was 
only 50,49 % higher and in the fifth group — 64,92 % higher compare to the control animals data.It shows 
that after Cytofat receiving the transaminases activity is decreasing compare to the parameters of the priming 
animals. 

De Ritis coefficient, which shows the proportion of transaminases, is equal to 2 under chronic intoxica-
tion by NDMA and is equal to 1,6 under correction by Cytofat, which is an evidence of cardiac muscle dam-
age because of the chronic intoxication. Under acute intoxication this coefficient is equal to 0,6 in the forth 
group and to 0,83 in the fifth group, which is an evidence of sever functional liver condition and acute hepa-
titis development. Acute hepatitis is accompanied by sharp increasing of ALT and АсАТ activity, where the 
АсАТ activity is increased but is usually lower than the ALT activity. The ALT activity becomes to increase 
at the продромальной phase, when the other signs of the disease are not shown yet. De Ritis coefficient 
АсАТ/ALT <1. 

 

 

Drawing 4. Total blood protein content changing and the Thymol turbidity test result under Priming by 
NDMA with the correction by Cytofat 
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Alkaline phosphatase in the fourth group has increased at 30 %, and its change was insignificant in the 
fifth group (Drawing 6). 

GGTP level in the fourth group of the animals was 8,9 % less, and was 10,1 % less in the fifth group. 
LDH and KK activity change took place under various pathological conditions, including the sever forms of 
intoxication [4]. After the first experiments the signs of cardiac muscle damage had been found. That is why 
we have carried out the research to determine above mentioned enzymes activity change in the fourth and 
fifth groups of the animals. 

 

 

Drawing 5. Aминотрансфераз activity under toxication by NDMA and detoxication by Cytofat 

According to our experimental data, LDH activity is increased at 22,53 % in the fourth group, at 
11,33 % in the fifth group. KK activity in the fourth group is 27 % higher, in the fifth group — 8,6 % less 
compare to the control data. 

It should be noted that under the chronic intoxication by NDMA the moderate changes in cardiac mus-
cle happen, such as blood serum LDH and KK activity increasing, which show the initial stages of myocar-
dial infarction. 

Total bilirubin and combined bilirubin content in blood serum of the animals under chronic intoxication 
is not changed significantly, but it is changed significantly under acute intoxication: total bilirubin concentra-
tion in the second group has increased at 211,24 %, in the fourth group has decreased at 7,39 %; combined 
bilirubin in the second group has increased at 204,49 %, and in the fourth group has decreased at 10,45 % 
(p < 0,001) compare to the control data. 

After Cytofat introduction total bilirubin has increased at 162,72 % (p < 0,05) in the third group and has 
decreased at 2,89 % in the fifth group; combined bilirubin has increased at 205,05 % (p < 0,01) in the fifth 
group and has decreased at 4,48 % compare to the control data level (Drawing 7). 

 

Drawing 6. Alkaline phosphatase, LDH, KK, GGTP activity change under toxication by NDMA and de-
toxication by Cytofat 
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Drawing 7. Blood bilirubin content change under Priming bу NDMA and correction by Cytofat 

These data confirm liver pigment metabolism damage under intoxication by NDMA, the degree of this 
function damage id higher under acute intoxication compare to chronic intoxication. Cytofat application as a 
medical remedy has normalized these parameters. 

Thus, according to the biochemical blood research results, it is possible to conclude, that under acute in-
toxication by NDMA liver damage takes place in general, which is confirmed by transaminases activity in-
creasing, thymol turbidity test, bilirubin in kidneys, that is also confirmed by hypoproteinemia and decreas-
ing of creatinine level. 

The moderate increasing of glucose level and a-amylase activity decreasing under acute intoxication by 
NDMA, is perhaps connected to the liver dysfunction as well. 

Under chronic intoxication there was observed: the transaminases, alkaline phosphatase, laktatdehydra-
henasa and total protein activity increasing; urea, kreatininphosphokinasa, γ-glutamiltranspeptidasa level de-
creasing. That confirms cardiac muscle and liver dysfunction, and the moderate hypoproteinemia can be ex-
plained as an initial phase of protein metabolism damage. 

Glucose level increasing and a-amylase activity decreasing is perhaps connected to pancreas dysfunc-
tion and blood insulin level decreasing. 

Triglycerides and cholesterol increasing was observed in lipid metabolism, which is an evidence of liver 
lipid metabolism dysfunction Cytofat normalizes the basic functions of an organism under NDMA action. 
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КЕЙБІР  ОМЫРТҚАЛЫ  ЖАНУАРЛАРДЫҢ  ӨКПЕ  ҚҰРЫЛЫСЫНЫҢ  
МОРФОЛОГИЯЛЫҚ  ЖƏНЕ  АНАТОМИЯЛЫҚ  ЕРЕКШЕЛІКТЕРІ 

В статье рассматриваются морфологические и анатомические особенности строения легких 
некоторых позвоночных животных. В частности, исследованию подверглись легкие 
земноводных, рептилий и млекопитающих. В результате проведенного морфологического 
исследования авторами утверждается, что в легких животных в наибольшей степени 
выражены секреторные функции. В статье дифференцируются виды эпителиальной 
выстилки, определяются специфические особенности секреторных структур, 
представленных одноклеточными бокаловидными клетками, а также сложными 
бронхиальными железами различного типа. 

There are considered morfological and anatomical particularies of the lungs’ construction of some 
vertebrates in this article. Authors approve, that in easy animals sector functions are to the greatest 
degree expressed. Also in clouse features structures of lungs and iron various type are classified. Au-
thors approve, that in easy animals sector functions are to the greatest degree expressed. 

 
Ағзаның көптеген физиологиялық маңызды мүшелер жүйелері арасында ең жетекшісі тыныс алу 

жүйесі болып табылатындығы белгілі, ол алмасу процесінің күрделі циклінің орталық буыны болып 
табылады. Жануарлар онтофилогенетикалық дамуында тыныс алу жүйесінің əр түрлі өзгерулері 
корреляциялы өзгертулердің күрделі тізбегі арқылы басқа мүшелердің зат алмасуына жəне бүкіл 
ағзаның зат алмасуларының қайта құрылуына əкеледі. Сонымен қатар өкпе сыртқы орта əсерін 
алғашқылардың бірі болып сезеді, ол олардың қалыпты да кең ауқымды морфофункционалды 
өзгергіштігін жəне əр түрлі патологиялық жағдайда ағзаның қорғаныштық-тосқауылды реакциясына 
белсенді қатысуымен негізделеді. 

Сондықтан тыныс алу жүйесін əр түрлі əдістерді қолдана отырып, дамудың əр түрлі деңгейіндегі 
жануар өкпелерін жəне оның секреторлы құрылымдарын жан-жақты зерттеудің үлкен теориялық 
жəне тəжірибелік маңызы бар. 

Жануарлар таксономиялық топтарының кейбір өкілдерінің өкпелеріндегі функционалдық 
ерекшелігі мен құрылымдық дифференцировканы салыстырмалы зерттеу де көптеген мағлұматтарды 
береді. Бұл бағытта зерттеулер жүргізу онтофилогенетикалық даму процесі кезінде өкпенің 
өзгеруінің жолын ашуға, сонымен қатар тыныс алу жүйесінің ауруларының себебі мен патогенезін 
терең түсінуге мүмкіндік береді [1–5]. 

Көптеген ғылыми жұмыстар негізгі назарды жануарлардың əр түрлі топтары арасында туыстық 
байланыстың орнығуы үшін тек өкпенің макроморфологиялық ерекшелігіне аударды. Кейінгі 
зерттеулерде негізінен медициналық тəжірибе тапсырмалары, əсіресе кеуде хирургиясы ескерілді. 
Сонымен бірге өкпені зерттегенде негізгі назарды жеке топографиялық вариация сұрақтарына, 
өкпенің бөліктік жəне сегменттік анатомиясына, сонымен қатар адамның өкпелік тамыры жəне 
бронхтық ағаштың топографиясына бөлді [6, 7]. 

Одан басқа адам өкпесінің зертханалық жəне кейбір үй жануарларының патологиялық-
морфологиялық зерттеулері аз емес, онда бұл мүшенің жəне оның жеке морфологиялық 
компоненттерінің əр түрлі аурулар кезіндегі тұрақтылық жəне реактивтілік дəрежесі ескерілді. 
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