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INFLAMMATION AND IMPACT OF VINCRISTINE AND ENTEROSORPTION
USE IN CHEMICALLY INDUCED COLON CARCER IN RATS

O.I. Kachur, *L.S. Fira, P.H. Lykhatskyi
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The increasing incidence of colon malignant tumors is one of the most urgent matters of
contemporary medicine. In the study of carcinogenesis of the colon the attention is paid to the state of the body’s
immune system and activation of inflammatory processes in experimental animals.

Objective. The aim of the study was to estimate the level of markers of inflammation in the serum of
experimental animals with chemically induced carcinogenesis and their dynamics in case of administration of
the cytostatic Vincristine secondary to AUT-M carbon enterosorbent.

Methods. The study was performed on white male rats. Animals were modeled for colon cancer by
administration of 1.2-dimethylhydrazine hydrochloride at a dose of 7.2 mg/kg body weight for 30 weeks. AUT-M
enterosorbent was administered intragastrically daily during 7 and 21 days after modeling of carcinogenesis at
a dose of 1 ml of suspension (corresponding to 0.2 g of drug weight) per 100 g of animal body weight. The
antitumor drug was administered to the animals with induced carcinogenesis intragastrically daily during 14
days at a dose of 0.23 mg/kg of body weight after a 21-day detoxification therapy. The activity of inflammatory
processes was evaluated by the content of pro-inflammatory interleukin 6 and anti-inflammatory interleukin 4,
C-reactive protein in the serum of experimental animals.

Results. It was established that introduction of 1.2-dimethylhydrazine hydrochloride in the rats caused
changes in the cytokine profile and the content of C-reactive protein. In the affected animals an increase in the
content of pro-inflammatory interleukin 6, C-reactive protein, as well as a decrease in the content of anti-
inflammatory interleukin 4 was evidenced in all periods of the study. AUT-M enterosorbent contributed to
normalization of these parameters. The cytostatic Vincristine had a negligible effect on development of
inflammatory processes in the studied animals.

Conclusions. In cases of induced carcinogenesis, an imbalance in the content of pro- and anti-inflammatory
cytokines, an increase in the content of acute-phase C-reactive protein was established. The positive effect of the
cytostatic Vincristine secondary to a previous detoxification therapy with AUT-M sorbent during a progressive
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development of inflammatory processes in the presence of modeled carcinogenesis was evidenced.
KEY WORDS: inflammatory processes; proinflammatory interleukins; anti-inflammatory
interleukins; AUT-M sorbent; cytostatic Vincristine.

Introduction

Malignant neoplasms of the colon are still
one of the urgent matters of contemporary
medicine. Recently the incidence of colorectal
cancer among young and middle-aged people
has been increasing constantly [1].

It is established that the transformation of a
normal cell into a malignant one is accompanied
by a homeostasis disorders and changes in all
types of metabolism. In the body of the tumour
carrier, free radical processes activate, the integrity
of plasma membranes is disturbed in cases of
destructive changes. As the cancer develops,
excessive toxins accumulate and endogenous in-
toxication intensifies. All these factors cause evo-
lution of inflammatory reaction of the body [2, 3].
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Markers of the systemic inflammatory res-
ponse in the evolution of carcinogenesis are
the acute proteins: ceruloplasmin (CP), hap-
toglobin and especially C-reactive protein (CRP),
cytokines.

C-reactive protein (CRP) is one of the most
sensitive and early markers of the acute phase
of the inflammatory process. Anincrease in the
concentration of CRP in the serum evidences
development of a pathological process and
destructive changes in the body [4]. The syn-
thesis of CRP of the acute phase of inflammation
is triggered and regulated primarily by cyto-
kines, namely IL-6, which is formed directly in
the inflammatory focus and acts as a primary
activator of genes involved in it and tumor
transformation [5].

Due to the increasing frequency and pre-
valence of colorectal cancer in modern society,
the issue of finding and researching effective
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and low-toxic cytostatics of plant origin is still
topical.

Vincristine is a herbal cytostatic, it is an
important component of the combined treat-
ment regimen for malignant neoplasms. Ho-
wever, in the present literature there are some
publications on the use of periwinkle alkaloids
in the chemotherapeutic treatment of colorectal
cancer [6].

Enterosorption therapy is one of the pro-
mising methods for control of inflammation.
AUT-M carbon sorbent with a large specific pore
area exhibits physicochemical properties of a
sorbent substance capable of binding and
excreting toxins of exogenous and endogenous
origin [7, 8].

The research is aimed to evaluate the level
of inflammation markers in the serum of experi-
mental animals with chemically induced car-
cinogenesis and their dynamics with intro-
duction of the cytostatic Vincristine secondary
to AUT-M carbon enterosorbent.

Methods

The study was performed on 76 white male
rats. The initial body weight of animals was
200-250 g. Simulation of carcinogenesis of the
colon was carried out by subcutaneous weekly
injection into the interscapular area of asym-
metric 1.2-dimethylhydrazine (1.2-DMG, made
by SIGMA-ALDRICH CHEMIE company, Japan)
for 30 weeks. The carcinogen 1.2-DMG was
previously diluted with isotonic sodium chloride
solution, dose 7.2 mg/kg [9].

After modeling of the cancer process for 30
weeks, the affected animals underwent ente-
rosorption therapy for 21 days. AUT-M carbon
sorbent was administered intragastrally daily,
daily dose 1 ml of suspension (corresponding
to 0.2 g of net weight of the drug) per 100 g of
body weight of the animal [10].

The anticancer drug Vincristine was ad-
ministered intragastrically daily at a dose of
0.23 mg/kg of animal body weight for 14 days,
starting immediately after 7-month modeling
ofthe cancer process and 21-day enterosorption
therapy. The dose of cytostatics was chosen
according to the instructions for use of the drug
and taking into account sensitivity of the ani-
mals (recalculation was carried out according
to Yu. R. Rybolovlev, 1979) [11].

The experimental animals were divided into
4 groups: group 1 - the control involved the
animals administered with isotonic sodium
chloride solution, group 2 - the animals affected
by 1.2-DMG, group 3 - the animals affected by

1.2-DMG, managed by AUT-M enterosorbent
for 21 days after a 30-week carcinogen admi-
nistration, group 4 - the animals administered
with the cytostatic Vincristine for 14 days after
enterosorption therapy.

Euthanasia of animals was performed by
bloodletting under thiopental-sodium anes-
thesia monthly for 7 months and on the 14®
and 21t days of administration of the AUT-M
enterosorbent after carcinogenesis modeling,
as well as on the 14t day after administration
of the cytostatic Vincristine. The serum was
used for studies.

All manipulations with experimental rats
were performed following the rules in accor-
dance with the European Convention for the
Protection of Vertebrate Animals Used for Re-
search and Other Scientific Purposes [12].

To study the development of inflammatory
processes in cases of induced carcinogenesis
of the colon the concentration of proinflamma-
tory and anti-inflammatory interleukins in the
serum of rats was determined by the ELISA test
[13]. The content of C-reactive proteins was de-
termined by immunoturbidimetric method [14].

The obtained experimental results were
statistically processed by the method of va-
riation statistics using a standard package of
Statistica 6.0 statistical program [15]. The stan-
dard deviations, variance and other statistical
parameters were determined, and the statis-
tically significant differences were determined
using Student’s t-test. The differences were
statistically significant at p<0.05.

Results

Inflammatory reactions of the body are a
non-specific part of the defense, the formation
of which prevents the spread of the pathogen
and is realized by attracting granulocytes,
macrophages and lymphocytes to the site of
inflammation. The first stage of such reactions
is associated with the activation of pro-inflam-
matory cytokines. They provide chemotraction
of the inflammatory cell [16].

In the dynamics of 1.2-DMG administration,
the content of pro-inflammatory cytokine IL-6
in the serum of affected animals probably (p <
0.05) increased during the 1t month of 1.2-DMG
administration (by 62% compare to the control
group). Intermediate results point to similar
changes: in 5 months of DMG affection (in-
creased by 182%) and in 7 months (by 251%) of
adenocarcinoma modeling (Fig. 1).

The corrective dose of the AUT-M sorbent
helped to reduce the content of IL-6 in the
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Fig. 1. The level of IL-6 in the serum of rats in the dynamics of the affection by 1.2-DMG and after adminis-
tration of AUT-M sorbent and cytostatic Vincristine, %.

Notes: * - statistically significant difference between the parameters of the control group animals and the animals affected by
1.2-DMG; ** - statistically significant difference between the parameters of the carcinogenic animals and the animals admin-
istered with enterosorbent; *** - statistically significant difference between the parameters of carcinogenic animals after
enterosorption therapy (for 21 days) and the animals administered with cytostatics (for 14 days); * - statistically significant
difference between the parameters of carcinogenic animals (in 7 months) and the animals administered with cytostatic (for 14

days) secondary to enterosorption therapy (for 21 days).

serum of the affected animals. It was established
that IL-6 probably decreased in the serum by
138% (p<0.05) after a 14-day sorbent therapy,
the maximal changes were evidenced in 21 days
of sorbent management (decreased by 168%)
compare to the same group of the affected
animals.

Cytostatic correction performed for 14 days
leads to a slight decrease in IL-6 in the serum
of rats. The studied parameter decreased by
186% in comparison with the affected animals.

Toxic affection of the animals during 30
weeks causes an imbalance of the cytokine
profile in their body. The functional antagonists
of pro-inflammatory IL-6 include anti-inflam-
matory IL-4. This cytokine has an antitumor
effect; itis a strong growth factor for B-lympho-
cytes, which promotes their differentiation,
activation and reproduction [17].

Statistically significant differences in the
content of IL-4 were found later after beginning
of 1.2-DMG administration. The rate decreased
by 29% in 5 months of carcinogenesis modeling.
After a 30-week DMG affection, the content of
IL-4 in the serum of the rats decreased by 45%
compare to the control (Fig. 2).

After a 21-day detoxification therapy, the
level of IL-4 increased by 30% compare to the
group of animals with no detoxification therapy.

In the group of animals undergoing cyto-
static therapy, an increase in the content of
anti-inflammatory IL-4 by 35% was evidenced
compare to the animals with carcinogenesis.

With administration of 1.2-DMG into the
experimental animals, changes of acute phase
proteins activity were evidenced. Thus, the
content of CRP was likely to increase starting
the third month of carcinogenesis modeling
and exceeded the level of control in 1.5 times.
A similar trend was proved in the subsequent
affections, in 5 months after the beginning of
the experiment, the content of CRP increased
in 1.73times, in 7 months -in 2.1 times compare
to the control rats (Table 1).

The obtained results may indicate an
intensification of the inflammatory process in
the body of experimental animals affected by
1.2 DMG.

The detoxification therapy (for 21 days with
the AUT-M sorbent) contributes to the probable
decrease on this parameter in the serum of the
affected animals. In 21 days of administration
of this sorbent, the content of CRP decreased
in 1.6 times compare to the group of affected
animals.

During the chemotherapy treatment of the
affected animals (with previous sorbent cor-
rection), a slight increase in the CRP content
was evidenced. In 14 days of Vincristine admi-
nistration, the parameterincreased in 1.3 times
compare to the animals modeled for colon
carcinogenesis for 30 weeks.

Thus, a 30-week DMG affection of the rats
caused an imbalance in the content of pro-
inflammatory and anti-inflammatory cytokines
with further development of inflammatory
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Fig. 2. The content of IL-4 in the serum of rats in the dynamics of the affection by 1.2-DMG and after ad-
ministration of AUT-M sorbent and cytostatic Vincristine, %

Notes: * - statistically significant difference between the parameters of the control group animals and the animals affected by
1.2-DMG; ** - statistically significant difference between the parameters of the carcinogenic animals and the animals admin-
istered with enterosorbent; *** - statistically significant difference between the parameters of the carcinogenic animals after
enterosorption therapy (for 21 days) and the animals administered with cytostatics (for 14 days); # - statistically significant
difference between the parameters of the carcinogenic animals (in 7 months) and the animals administered with cytostatics
(for 14 days) secondary to enterosorption therapy (for 21 days).

processes that was confirmed by an increase
in early marker of inflammation in the serum:
C-reactive protein and interleukin 6. The use of
sorption therapy had a positive effect on
inflammation in the body of rats throughout
the experiment. No significant side effects after
administration of the cytostatic Vincristine were
evidenced.

Discussion

The search for effective methods of correc-
tion of oncological pathologies is topical issue
of contemporary medicine. The use of low-toxic
and affordable drugs is important. Our research
on the efficacy of cytostatic Vincristine secon-
dary to enterosorption therapy in cases of
simulated carcinogenesis is proved by reduced

Table 1. The content of C-reactive protein in the serum of rats (mg/l) with induced oncogenesis
and after administration of cytostatic Vincristine secondary to detoxification therapy, (M+m)

Animal group/duration of dimethylhydrazine affection Serum

Control, (n=6) 2.45+0.18

1 month, (n=7) 2.78+0.21

2 months, (n=7) 3.15+0.29

3 months, (n=7) 3.66+0.34*

4 months, (n=7) 4.12+0.38%*

5 months, (n=7) 4.25+0.39%

6 months, (n=7) 5.10+0.49*

7 months, (n=7) 5.25+0.50* a

7 months of DMG + AUT-M (for 14 days), (n=7) 4.55+0.40 %

7 months of DMG + AUT-M (for 21 days), (n=7) 3.80+0.36** B

7 months of DMG + AUT-M (for 21 days) + 4.01£0.16* 8

Vincristine (for 14 days), (n=7) I
<

Notes: * - statistically significant difference between the parameters of the control group animals and the animals affected by H

1.2-DMG; ** - statistically significant difference between the parameters of the carcinogenic animals and the animals admin- A

istered with enterosorbent; *** - statistically significant difference between the parameters of the carcinogenic animals after M

enterosorption therapy (for 21 days) and the animals administered with cytostatic (for 14 days); * - statistically significant E

difference between the parameters of the carcinogenic animals (in 7 months) and the animals administered with cytostatic (for 9

14 days) secondary to enterosorption therapy (for 21 days). m
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inflammatory manifestations and control of the
studied parameters.

In cases of induced pathological process, a
violation of the cytokine profile is observed, as
the content of the pro-inflammatory cytokine
IL-6 increases, the content of the anti-inflam-
matory cytokine IL-4 decreases.

The obtained results point to an imbalance
of the cytokine profile with an advantage
towards IL-6. It is established that IL-6 is one of
the main inducers of the acute phase response
in inflammatory process. Obviously, these
changes may evidence of development of chro-
nic inflammation and tumor progression [18].

The system of immunoregulation in the
body of the tumor carrier along with the cyto-
kine cascade is followed by changes in the
content of CRP. In cases of cytokine profile
imbalance in the affected animals, an increase
in the CRP content was evidenced. It is estab-
lished that CRP is an acute marker of inflam-
mation, so the results point towards develop-
ment and progression of inflammatory pro-
cesses [19].

Therefore, it has been established that the
affection of the experimental animals with 1.2-
DMG for 7 months leads to an imbalance of the
cytokine profile, an increase in the content of
acute phase CRP proteins. No significant side
effects of the cytostatic Vincristine are evidenced
that proves a positive effect of detoxification
therapy with the AUR sorbent during the pro-
gressive inflammatory process in cases of
modeled oncological process.

Conclusions

Along-term increase in the content of pro-
inflammatory interleukin 6 in addition to re-
duced production of anti-inflammatory inter-
leukin 4, as well as an increase in C-reactive
protein in the rats affected with 1.2-dime-
thylhydrazine hydrochloride for 30 weeks that
evidences development of inflammatory
processes in the carcinogenesis body.

After detoxification therapy with AUT-M
carbon sorbent a decrease in inflammatory
processes activity in the animals with expe-
rimental carcinogenesis was present. This is
proved by a decrease in the content of pro-
inflammatory interleukin 6, C-reactive protein
and an increase in the content of anti-inflam-
matory interleukin 4.

The positive effect of Vincristine, a cytostatic
drug of plant origin, on the activity of inflam-
matory processes in the rats in cases of experi-
mental carcinogenesis has been established. It
has been experimentally proved that this
cytostatic has no side effects obviously as a
result of previous enterosorption therapy.
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PO3BHTOK 3AITAJIBHUX ITPOLECIB V IITVPIB 13 IHAVKOBAHHUM
KAHIEPOTEHE3OM TOBCTOI KUIIKH ITIC/I1 3BACTOCYBAHHSA
OUTOCTATHKY BIHKPUCTHUH HA TJII EHTEPOCOPBIII

0.1. Kauyp, N.C.®ipa, N.r.Jinxaubkuii

TEPHOIMLIbCbKMA HALIOHAIbHNIA MEAVMYHWIA YHIBEPCUTET IMEHI I. . TOPEAYEBCHKOIO,

TEPHOIML/Ib, YKPAIHA

BcTyn. [Ipo6emMa 3p0CMaHHA 4acmomu po38umKy 3/08KICHUX NYX/AUH MO8CcmMoi KUWKU - 00HA 3 Halibinbw
aKmyansHux y meduyuHu. O6’eKmoM yeazau npu 8UBYeHHI KOHYepo2eHe3y moecmoi KUWKU € CMAH iMyHHOI
cucmemu Op2aHI3My ma aKkmueayis 3ananbHUX npoyecie 8 ekcnepuMeHmanbHUX MeapuH. llepcnekmuesHuM €
npoeedeHHsA Ximiomepanii pOCAUHHUMU npenapamamu Ha mai eHmepocopyiliHoi Kopekyii.

MeTa pgocnif>keHHs - oyiHUMU pigeHb MapKepie 3anaseHHs 8 cuposamyi Kposi ekcnepumMeHmanbHuUX
MBAPUH i3 XiMIYHO iHOYKOBAHUM KOHYepo2eHe30M ma ix OUHAOMIKY hpu 88edeHHIi yumocmamuka BiHKpucmuH

Ha mai 8y2neyeso2o eHmepocopbeHmy AYT-M.

MeToan pocnipkeHHs. JocnidxeHHs npogodunu Ha binux wypaxcamysx. TeapuHam modenosanu pak
moecmoi KUWKU wasxom eeedeHHs 1,20umemunziopasuH 2i0poxnopudy 8 003i 7,2 M2/kK2 MOCU Mifa NPOMsA20M
30mu muicHis. EHmepocopbeHm AYT-M egodunu iHmpaz2acmpanbHo wjodeHHo 8npodosxc 21i 0obu nicas
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MOOeN8aHHS KaHYepozeHe3y 8 003i 1 M 3asucy (ujo gionosidae 0,2 2 yucmoi macu npenapamy) Ha 100 2 macu
mina meapuHu. lMpomunyxauHHUL npenapam egoousu MeAPUHAM 3 iHOYKOBAHUM KOHUepO02eHe30M 8Hympill-
HbOWMYHKOBO W00eHHO npomsaz2oM 14-mu OHig y 003i 0,23 M2/k2 Macu mina nicas 21-0eHHoi demokcukayitiHoi
mepanii. AKmugHiCMb 30NaALHUX npoyecie oyiHeanu 3a 8MiCMOM npPo3anaabHO20 iHmepaelkiHy 6 ma
npomusanansHoz20 iHmepelikiHy 4, CheakmugH020 npomeiHy 8 cuposamuyi Kposi ekcnepumeHmManbHUX MeapuUH.

Pe3ynbTaTn. BcmaHosneHo, ujo 88edeHHs wypam 1,20umemusn2iopasuH 2i0poxa0pudy Cynpo8ooHyeMecs
3MIHOK YUMOKiH08020 npodinto ma emicmy CpeakmugHo20 npomeiHy. B ypaxceHUx meapuH cnocmepizanu
36in16WeHHA 8MiCMy NPo3anane6HO20 iHMepAelikiHy 6, CpeakmueH020 NpomeiHy, 0 MAaKOX 3MeHWeHHS eMicmy
npomu3ananeHo20 iHmepnelKiHy 4 8 yci mepmiHuU 00cnidxHeHHSA. 3acmocysaHHA eHmepocopbeHmy AYT cnpusno
HopMani3ayii Yux nokasHukie. BeedeHHs yumocmamuka BiHKpUCMUH He3HAYHO 8N/AUHY/0 HA PO38UMOK
3ananbHUX npoyecia y 00C1idHY8AHUX MBAPUH.

BUCHOBKW. 30 ym08 iHOYyKOBOHO020 KOHUepo2eHe3y 8CMaH08/1eHo JucbanaHc y emicmi npo- ma
npomu3sananbHUX YUMOKkiHig, 36ins6WeHHs eMicmy 20cmpopa3oeo2o C-peakmugHo20 npomeiHy. BiomidyeHo

no3umuesHul enaug yUMOCMAMUKQa BiHKpucmuH Ha mai nonepedHsL0 NposedeHoi demokcukayiliHoi mepanii

copbeHmom AYT nid Yac npozpecyroyo20 po38UMKY 30NAALHUX NPOYECi8 30 yMO8 3M00e/1080HO20 KaHYepo2eHe3y.
K/TKOYOBI C/10BA: 3ananbHi npouecy; npo3sanasbHi iHTepnekiHu; NnpoTusananbHi iHTepnenkiHm;
cop6eHT AYT-M; umtoctaTuk BiHKpUCTUH.
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