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PROTEOLYTIC DEGRADATION OF POLY (ADP-RIBOSE)
POLYMERASE IN RATS WITH CARRAGEENAN-INDUCED
GASTROENTEROCOLITIS

Tkachenko A. S., Nakonechna O. A., Zhukov V. I., Gorbach T. V., Tkachenko M. O.
Kharkiv National Medical University, Kharkiv, Ukraine

The aim of the research was to study the activity of poly (ADP-ribose) polymerase in small intestinal
homogenate of rats with chronic carrageenan-induced gastroenterocolitis, as well as mechanisms of regulation
of the enzyme in this pathology. Twenty Wistar Albino Glaxo rats were divided into two groups. Animals of
group 1 (n = 10) consumed 1 % carrageenan solution for 28 days, which resulted in the development of
gastroenterocolitis confirmed morphologically. The control group consisted of intact animals (n = 10). The
activity of poly (ADP-ribose) polymerase (PARP) in the homogenate of small intestine, as well as caspase-3,
matrix metalloproteinase-2 (MMP-2) and matrix metalloproteinase-9 (MMP-9) serum levels were determined.
Obtained data were statistically processed using the Mann-Whitney U test and calculating median and
interquartile range (Me, 25th-75th percentile) with the help of the GraphPad Prism 5 application. The
development of carrageenan-induced gastroenterocolitis was accompanied by an increase in caspase-3,
MMP-2, MMP-9 concentrations in blood serum and a decrease in the activity of PARP in small intestinal
homogenates. The reduced activity of PARP in chronic carrageenan-induced gastroenterocolitis may be due to
the proteolysis of this enzyme under the action of caspase-3, MMP-2, and MMP-9.

KEY WORDS: gastroenterocolitis, carrageenan, rats, poly (ADP-ribose) polymerase, caspase-3, matrix
metalloproteinases

MPOTEOJIITUYHA JETPAJALIS MOJI (A®-PUBO3A) IIOJIMEPA3HU
LILYPIB IPU KAPATEHAHOBOMY 'ACTPOEHTEPOKOJIITI

Tkauenxo A. C., Haxoneuna O. A., ZKyxoe B. L., I'opoau T. B., Tkauenxo M. O.
XapkiBChbKUi HalllOHAILHUN MEIMYHUI1 yHIBEPCUTET, M. XapKiB, YKpaiHa

MeTtor0 OOCHiPKeHHS CTajJo BHBYCHHSA akTUBHOCTI mom (AJI®-pmbo3a) momiMepasw y TOMOTEHATi
TOHKOTO KHIIEYHWKa IMypiB 3 XPOHIYHMM KapareHaH-iHIYKOBaHHM TacTPOCHTEPOKOJITOM, a TaKOX
MeXaHI3MIB peryismnii maHoro (GepMeHTy MpH 3a3HaveHid martojorii. JBamuste mrypiB momyssmii Wistar
Albino Glaxo Oysiu po3aiieHi Ha ABi IPYITH M0 JECATh TBAPUH Y KOXKHI. TBapHHU OCITITHOT IPYNH BXKUBAIH
1 % po3umH KapareHaHy HpOTSAroM 28 JHiB, [0 NPU3BOJMIO 10 PO3BUTKY IacTPOEHTEPOKOIITY, KU OyIo
nixTBepxeHo Mopdoioriuno. KonrponbHa rpyna ckiiafanacs 3 iHTAKTHUX TBapuH. Bu3Hauany akTHBHICTD
noni(AA®-pubo3a) nomimepasu (ITAPII) y romoreHati TOHKOTO KAIICYHHKA Ta PiBHI Kaclas3m-3, MATPUKCHOT
MeTanomnpoteinazn-2 (MMP-2) i marpukcHoi Meranonporeinazu-9 (MMP-9) y cuposatii kpoBi. OTpumani
JaHI CTATUCTUYHO OOpOOJSUTUCS 3 BHKOPHCTaHHAM TecTy MaHHa-YiTHI 1 po3paxyHKy MemiaHu i
MEXKBapTibHOTO miama3ony (Me, 25-i-75-if mporeHTmii) 3a momomoroto mporpamu «GraphPad Prism 5».
Po3BUTOK KapareHaH-iHAYKOBAaHOTO TacTPOEHTEPOKOJITY CYIPOBOPKYBABCS ITJBHIICHHSIM CHPOBATKOBHX
kacnasu-3, MMP-2, MMP-9 na tii 3amwkeHHs aktuBHOCTI [TAPII y roMOoreHaTi TOHKOTO KHIICYHHUKA TBAPHH.
3umkenHs: aktuBHOCTI [TAPII npu XpoHIYHOMY KapareHaH-iHAyKOBaHOMY racTPOCHTEPOKOJITI MOXe OyTH
00yMOBJIEHO TIPOTEOJII30M 1aHOTO hepMeHTy Mix xiero kacnazu-3, MMP-2 i MMP-9.

K/IFIO90BI CJIOBA: racTpOeHTEpOKONIT, KapareHaH, mypu, nom (AJld-pubosa) mnomimepasa,
Kacrasa-3, MaTPUKCHI MeTaJonpoTeiHa3n
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Lenbto paboThl cTano uzydeHue akTuBHOCTH noiu (AJld-pubo3a) — monumMepasbl B TOMOT€HATE TOHKOTO
KUIIEYHUKAa KpBIC C XPOHUUECKUM KappardHaH-MHIYLUPOBAaHHBIM TacTPOIHTEPOKOJIIUTOM, a TakKxke
MEXaHH3MOB PEryISILUK JAaHHOTO (hepMEHTa NpH yKa3aHHOW maronoruu. J{Baauars Kpeic momymsiuu Wistar
Albino Glaxo Osl1n pas3aeseHbl Ha ABE TPYIIBI IO JAECiITh 0cobeil B Kaxkaol. JKMBOTHBIC OMBITHOM TPYIIIbI
ynorpebssiin 1 % pactBop KapparMHaHa B TedeHHMe 28 mHEW, 4YTO TPUBOAWIO C  Pa3BHTHIO
racTPOIHTEPOKOJINTA, MOJATBEPKAECHHOr0 Mopgonorniyecky. KoHTposbHas rpymma cocTosula U3 MHTaKTHBIX
KUBOTHBIX. Onpenensuin aktuBHOCTH nonn (A/1d-pubo3a) — nomumepassl (ITAPII) B romoreHare TOHKOTo
KUIIEYHHKa ¥ YPOBHU Kacmaspl-3, MaTpUKCHOI MertamnonporenHassl-2 (MMP-2), marpuxchHoit
MeTauonporenHassl-9  (MMP-9) B celBoporke KpoBU. IlomyueHHble  JaHHBIE  CTaTUCTHYECKHU
o0OpabaThIBaICh C HCHOJNB30BaHUEM TecTa MaHHa-YUTHH W pacdeTa MeIuaHbl W MEXKBapTHIHLHOTO
quanasoHa (Me, 25-i-75-it mponeHTmnm) ¢ mnomompio npuiaokeHus «GraphPad Prism 5». PasButne
KapparMHaH-UHIYIUPOBAHHOTO TaCTPOIHTEPOKOJHMTA COMPOBOXKIAJIOCH MOBBIIIEHHEM Kacnasbl-3, MMP-2,
MMP-9 B CBHIBOPOTKE KpOBM W CHIKeHHEeM akTuBHOcTH IIAPII B romoreHare TOHKOrO KHIIEYHHKA
KUBOTHBIX. CHmkeHue aktuBHoctd ITAPII  npm  XpoHMuUeckoM  KapparuHaH-UHIyIHPOBAaHHOM
racTPOIHTEPOKOJIUTE MOXKET OBITH 00YCIIOBJIEHO POTEOIN30M JITAHHOTO (DepMeHTa MOA JeHCTBHEM Kacasbl-
3, MMP-2 u MMP-9.

K/TIOYEBBIE CJIOBA: racTpoHTEPOKOJINT, KapparuHaH, Kpbichl, nonu (AJlP-pubo3a) — nmomumepasa,
Kacrasa-3, MaTPUKCHBIE METaJUIONPOTEHHAZBI

INTRODUCTION OBJECTIVE

Poly (ADP-ribose)-polymerase (PARP) is a Nowadays the activity and role of PARP in
fairly large protein consisting of 1014 amino  the development of chronic carrageenan-
acid residues, which is involved in the induced inflammation of the gastrointestinal
regulation of a number of intracellular functions  tract have not been studied, therefore the aim
[1], including DNA repair, cell proliferation and  of the research was to study the activity of
differentiation, apoptosis, necrosis, gene PARP in small intestinal homogenates of rats
expression [2], and the degradation of PARP  with chronic carrageenan-induced gastroen-
occurs under the influence of various terocolitis, as well as the mechanisms of its
intracellular proteases such as caspases, regulation.
calpaines, granzymes, cathepsins, and matrix
metalloproteinases [3]. MATERIALS AND METHODS

The role of PARP in the development of Twenty female white WAG rats, which were
inflammatory processes seems to be quite  kept in standard conditions of the vivarium,
controversial. PARP has been shown to regulate  were used in the experiment. The animals were
the expression of certain pro-inflammatory  randomly divided into 2 groups. Group 1
proteins, in particular, tumor necrosis factor-a  consisted of animals exposed to the food
(TNF-a) and inducible NO-synthase (iNOS). It  additive A-carrageenan for 4 weeks (n = 10).
has been known that inflammation results in the ~ Group 2 served as a control group and included
development of oxidative stress, which is ten intact animals. Long-term  oral
accompanied by DNA damage. In response to  administration of A-carrageenan led to the
oxidative damage to DNA, PARP activation development of chronic gastroenterocolitis
occurs, which in turn potentiates upregulation  confirmed morphologically [5, 6].
of the nuclear factor kappa-light-chain-enhancer All experimental procedures were performed
of activated B cells (NF-xB) whose action in accordance with the provisions of the
mediates the expression of proinflammatory  European Convection for the Protection of
factors [2, 4]. Thus, PARP is considered to  Vertebrate Animals used for Experimental and
exert pro-inflammatory effects, however, taking  other  Scientific Purposes and Directive
into account the pleiotropic effects of this  2010/63/EU on the protection of animals used
enzyme, it is important to note that the impaired  for scientific purposes adopted on September
delicate balance of PARP inside the cell in the 22, 2010.
direction of both hyper- and hypoactivation can Laboratory animals were removed from the
make the pathological process more severe. experiment by decapitation. Fragments of small

intestine were taken immediately after
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decapitation. They were perfused with a cooled
saline solution. Powdered and shredded small
intestine was used to prepare a homogenate in
0.25 M Tris-HCI buffer (pH = 7.4) containing
0.32M  of sucrose. After 15-minute
centrifugation at 3,000 rpm. (1,200 g), the
supernatant was obtained in which the PARP
activity was determined using the method based
on the electrophoretic separation of poly-ADP-
ribosylated histone proteins from nuclei
followed by the quantitative determination of
poly-ADP-ribose in them [7]. Caspase-3 blood
serum concentrations were measured using
ELISA kit manufactured by eBioscience
(Vienna, Austria). The content of matrix
metalloproteinase-2 (MMP-2) and matrix
metalloproteinase-9 (MMP-9) in blood serum
was determined using ELISA kits produced by
Quantikine  (Minneapolis, USA). The
Awareness Technology Stat Fax 303 Plus
Microstrip Reader was used to register the
optical density of solutions.
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The statistical processing of the data
obtained in our research was carried out using
the GraphPad Prism 5 application. Median and
interquartile range (Me, 25th—75th percentile)
were calculated. To assess the differences in
quantitative characteristics between
independent groups, the Mann-Whitney U test
was used. The results were statistically
significant at p < 0.05.

RESULTS AND DISCUSSION

It was established that the development of
chronic carrageenan-induced gastro-
enterocolitis was accompanied by a decrease in
the activity of PARP in small intestinal
homogenates. In animals of group 1 whose
representatives had been administered with
carrageenan solution, the activity of PARP was
3-fold reduced compared to the control group

(Fig. 1).
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Fig. 1. The activity of poly (ADP-ribose) polymerase in small intestinal
homogenates of rats with carrageenan-induced gastroenterocolitis

Among the proteases that are potentially
capable of participating in the proteolytic
degradation of PARP, we have selected MMP-
2, MMP-9, and caspase-3. The four-week oral
intake of the food additive A-carrageenan was
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found to cause the upregulation of caspase-3
whose level statistically significantly exceeded
the same parameter of the control group (p <
0.001) more than 38 times (Fig. 2).
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Fig. 2. Caspase-3 blood serum levels in animals with carrageenan-induced gastroenterocolitis

The comparison of the content of
metalloproteinases in blood serum of rats with
carrageenan-induced gastroenterocolitis and
their serum levels in healthy animals allowed us
to find out that the disease was accompanied by
a significant increase in both MMP-2 and
MMP-9 serum levels (p < 0.01). For instance,

we found a 1.5-fold increase in serum MMP-2
concentrations in animals from group 1
compared to the control animals (Fig. 3).

At the same time, the concentration of
MMP-9 was statistically significantly 3.7 times
higher (p < 0.01) in blood serum of rats with
gastroenterocolitis (Fig. 4).
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Fig. 3. Matrix metalloproteinase-2 blood serum concentrations in
animals with carrageenan-induced gastroenterocolitis
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Fig. 4. Matrix metalloproteinase-9 blood serum levels in rats
with carrageenan-induced gastroenterocolitis

Taking into account the reported data on the
involvement of MMP-2, MMP-9, and caspase-3
in the degradation of PARP [3, 8], the observed
decrease in PARP activity might be explained
by the cleavage and inactivation of this enzyme
by caspase-3 and metalloproteinases. However,
we presume that the effect of MMP-2 and
MMP-9 on the breakdown of PARP in
carrageenan-induced inflammation is less
pronounced compared to caspase-3, since only
a slight elevation of blood metalloproteinases is
observed in the animals from group 1 against
the background of considerable activation of
caspase-3.

The involvement of PARP in the regulation
of the expression of proinflammatory factors
makes it possible to explain the early decrease
in the activity of inducible NO synthase [9, 10],
one of the reasons of which is probably the
abnormal PARP-dependent regulation of NF-
kB. As a result, NF-xB-mediated expression of
inducible NO synthase is affected.

Nowadays, there is no doubt that chronic
inflammation is connected with malignant
transformation of cells. It has been known that
the prolonged oral exposure to carrageenan
results in the development of not only chronic
inflammation but also gastrointestinal tumors
[11]. We assume that the PARP deficiency may
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serve as one of the factors of tumor
transformation, since a decrease in the PARP
activity reduces the reparative DNA ability,
which is the cause of malignancy.

CONCLUSIONS

1. Chronic gastroenterocolitis developed due
to a 4-week consumption of carrageenan is
accompanied by a decrease in the activity of
PARP and elevation of MMP-2, MMP-9 and
caspase-3 in blood serum of animals.

2. Reduction of the PARP activity in chronic
carrageenan-induced gastroenterocolitis can be
explained by proteolysis of this enzyme
under the influence of caspase-3, MMP-2 and
MMP-9.

3. Diminished DNA reparative abilities in
case of PARP deficiency may serve as one of
the factors of malignization in chronic
carrageenan-induced intestinal inflammation.

PERSPECTIVES OF FURTHER
RESEARCH

It is promising to study other proteolytic
enzymes that can participate in the degradation
of poly (ADP-ribose) polymerase in chronic
carrageenan-induced gastroenterocolitis,
affecting the rate of DNA repair, apoptosis, and
cell proliferation in this way.
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