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Abstract

Introduction: 2-AAF and DEN are well-known liver toxicants commonly used to stimulate tumors in laboratory animals.

Aim: The aim of this study was to investigate the effect of octreotide on DEN-induced and 2-AAF-supplemented hepatocarcinogenesis
in Wistar albino rats.

Materials and methods: In this study, 64 Wistar albino rats were divided into 8 groups. DEN (175 mg/kg) initiated and 2-AAF (20
mg/kg) promoted liver carcinogenesis in rats. The tumor growth inhibitor octreotide (300 ug/kg) was used. Rats were sacrificed at the
end of experiment and their liver tissues were taken for the study. SOD, GSH-Px, CAT activities, NO and MDA levels were measured
spectrophotometrically. Also, Hsp70 and 8-OHdG was measured by the ELISA method.

Results: In group 7, MDA, 8-OHdG, and Hsp70 levels were significantly increased. In addition, SOD, GSH-Px activity was significantly
reduced in this group. MDA, 8-OHdG and Hsp70 levels were significantly reduced in Group 8, which received octreotide for treatment.

Conclusion: DEN and 2-AAF cause very serious liver damage. Octreotide protects the liver from carcinogenesis, increases the activity
of cellular antioxidant enzymes and helps reduce DNA damage. Therefore, octreotide may be an inhibitor in tumor cells and may reduce
oxidative stress.
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INTRODUCTION

in cancer research. 2-AAF exhibits its carcinogenic effect
through the formation of DNA adducts, over the manufac-

Hepatocellular carcinoma (HCC) is a widespread malig-
nant tumor. Animal models are seen as very important
tools in the study of liver cancer. Because of the physiolog-
ical and genetic similarities between rodents and humans,
short lifespan, reproductive capacity and the diversity of
manipulation methods, animal models are frequently used

ture of oxidative DNA damage and reactive oxygen species
(ROS). DEN is one of the most significant environmental
carcinogens, mainly inducing tumors in the liver. DEN is
available in frequently consumed foods (salted fish, meat,
alcoholic beverages, pesticides, cigarettes). Overproduc-
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tion of ROS is an oxidant/antioxidant imbalance. If oxi-
dants are favoured, oxidative stress will occur which al-
ters and damages many intracellular molecules, including
DNA, RNA, lipids and proteins.!? There is a strong link
between hepatocarcinogenesis and oxidative stress. Ox-
idative stress plays an important role in the progression
of hepatocarcinogenesis. Oxidative stress markers such as
8-OHdG and lipid peroxidation such as MDA are generally
elevated in patients with chronic HCV infection and cor-
relate well with the viral infection and inflammation scores,
which are known risk factors for HCC.> Heat shock pro-
teins (HSPs) are a family of extremely protected proteins,
which are expressed at low levels under normal conditions,
but induced in reaction to cellular stresses, including heat
shock, hypoxia, nutrient starvation, genotoxic agents and
overexpression of oncoproteins.?> Heat shock proteins are
often named according to their molecular weight. Hsp70
is a large member of the Hsp family. Hsp70 is normally re-
tained at low levels, but can be induced under protein-dam-
aging conditions. Hsp70 is overexpressed in many human
cancer types including liver, colon, prostate carcinomas.®”
Octreotide is semisynthetic somatostatin analog used for
the management of neuroendocrine tumors. In some stud-
ies it has been shown that octreotide inhibits the growth of
many tumors such as colon carcinoma, pancreatic carcino-
ma, gastric carcinoma, hepatic carcinoma.®® We aimed to
investigate the effects of the chemotherapeutic agent oct-
reotide on the NO, MDA, Hsp70, 8-OHdG levels and SOD,
CAT and GSH-PX activities in experimentally induced he-
patocellular carcinoma by DEN and 2-AAF in rats.

MATERIALS AND METHODS

Chemicals and reagents

DEN, 2-AAF and other chemicals were obtained from Sig-
ma-Aldrich Chemical Co. (St. Louis, Missouri, USA). ELI-
SA kits are the brand of Sunredbio. 8-OH dG of kit Cat No:
201-11-0032, Hsp70 of kit Cat No: 201-11-0523

Table 1. Experimental groups and study protocol

Animals and experimental design

All rats were housed in standard cages with a 12 hour light/
dark cycle. Randomly selected 64 rats were divided into
groups of 8 rats in each group. Processing was done be-
tween 08:00 and 12:00 in the morning. In this way, the re-
sults were obtained without being affected by daily changes.
The rats were starved 12 hours before the operation. No rat
was given antibiotics. Rats were sacrificed at the end of ex-
periment and their liver tissues were taken for samples.

Dose and experimental groups

The system consists of short-term dietary exposure to
2-AAF, which suppresses the growth of almost all normal
hepatocytes from a single dose of genotoxic carcinogenic
DEN (Table 1).1°

Biochemical evaluation

Liver tissues from the rats were first weighed, placed in
1.15% KClI solution, and homogenized for 35 minutes at
12,000 rpm. The resulting homogenates were placed in al-
iquots, centrifuged for 30 minutes at 10,000 rpm and the
supernatants were analyzed for MDA, NO levels and CAT,
SOD and GSH-Px activities. The concentration of lipid per-
oxidation (total MDA expressed in terms of nanomolar per
kilogram of protein) was determined using the Ohkawa
method with simple modifications.!! Protein measurement
was made according to the Lowry method.!? SOD activity
was determined according to the Fridovich method.!?

The CAT activity was spectrophotometrically measured
by the extinction of H202, at 230 nm.'* GSH-Px activity
was measured spectrophotometrically at 340 nm by an en-
zymatic reaction initiated by the addition of H20: to the
reaction mixture containing reduced glutathione, nicotine
adenosine dinucleotide phosphate (NADPH) and glutathi-
one reductase.'®

The determination of nitrite, the steady last product of
NO radicals, is most frequently used as a measure of NO
generation. The nitric acid measurement was performed

Groups N Chemicals (7, 8 and 9 days) Treatment (16.23., and days)
Group 1: Control 8 Olive oil -

Group 2: Olive oil 8 DMSO - -

Group 3: DMSO 8 - - -

Group 4: OCT 8 - - OCT

Group 5: DEN 8 DEN - -

Group 6: 2-AAF 8 - 2-AAF -

Group 7: DEN+AAF 8 DEN 2-AAF -

Group 8: DEN+AAF+OCT 8 DEN 2-AAF OCT

DMSO: dimethyl sulfoxide, DEN: diethyl nitrosamine, 2-AAF: 2-acetylaminofluorene, OCT: octreotide
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using the Griess procedure for the detection of nitrite lev-
els.16

Statistical analysis

Statistical analysis was done with Statistical Social Science
Package (SPSS) version 22.0. The data were at first tested for
normal distribution using the Kolmogorov-Smirnov test
and were found to be normal (p>0.05). One-way analysis
of variance test was used for statistical analysis of biochem-
ical data between groups. Multiple comparisons among the
groups were made using Tukey’s Honestly Significant Dif-
ference test. The data were expressed as means + SD. Statis-
tical significance was described as (p<0.05)

RESULTS

DEN and 2-AAF caused significant changes macroscopical-
ly as shown in Fig. 1. In Table 2, values of SOD, CAT, GSH-
Px, MDA, NO, 8-OHdG and Hsp70 were given in the liver
tissue. There was a significant increase in MDA (3.07£0.85),

8-OHdAG (3.45+0.15) and Hsp70 (154.86+44.17) levels in
group 7. Group 8 showed a significant decrease in MDA
(2.21£0.17), 8-OHAG (2.95+0.09) and Hsp70 (67.9 £18.97)
levels. CAT (55.4+20.2), GSH-Px (1.25+0.2) activity was
significantly reduced in group 7 when compared with
Group 1

(CAT: 116.5+32, GSH-Px: 3.11+1.00). CAT (99.75+12.8)
and GSH-Px (2.2+1.00) activities of Group 8 increased
compared to CAT (55.4+20.2) and GSH-Px (1.25+0.2) ac-
tivities of Group 7. SOD activity of Group 8 (4.21+1.32)
increased compared to Group 7 (3.81£0.91).

DISCUSSION AND CONCLUSION

Hepatocellular carcinoma is one of the most common
cancers. DEN initiates the preneoplastic liver lesion while
2-AAF is the trigger.! Nitrosamines are widely accepted as
carcinogenic compounds, but require metabolic activation
to perform their cytotoxic and carcinogenic activities. DEN
is a nitrosamine compound that induces hepatic carcino-
genesis. It has also been shown in other studies that DEN

Group 1. Macroscopic view.

Group 5. Macroscopic view.

Group 7. Macroscopic view.

No significant change was ob- DEN caused significant damage to DEN+2-AAF  caused significant
served in the livers of Group 1 the liver. damage to the liver.
animals.
Figure 1. Macroscopic presentation of liver tissue of some groups.
Table 2. Mean+SD values of oxidative stress parameters of experimental groups
Liver Ti Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
iver Tissue
v Mean+SD  Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD  Mean+SD  MeantSD
SOD (U/mg protein) 2.46+0.6 2.78+0.8 2.81+0.81 442424 4.16+1.56 5.48+2.48 3.81+0.91 421+1.32
CAT (U/mg protein) 116.5+32.6  87.06+31.8 75.05+32.80 95.9436.1 52.8+18.9 62.3+£16.57 55.4+20.2 99.75+12.8
GSH-PX (U/mg protein) 3.11£1.00 1.25+0.2 2.04+0.75 1.8+0.47 2.1+1.0 2.04%0.75 1.250.2 2.2+1.00
MDA nmol/mg protein 2.21+0.17 2.46 +0.12 2.41+£0.40 2.16 £0.33 2.74+0.24 2.29+0.35 3.07+0.85 2.16+0.65
NO (U/mg protein) 0.39+£0.037  0.38%0.030 0.38 £0.033 0.41£0.044  0.424+0.038  0.43+£0.049 0.47+0.028 0.42+0.042
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Table 3. Mean+SD values of experimental groups Hsp70 and 8-OHdG

Liver Tissue Group 1 Group 2 Group 3 Group 4 Group § Group 6 Group 7 Group 8
v u Mean+SD Mean+SD Mean+SD Mean+SD Mean=SD Mean=SD Mean+=SD  MeanSD
8-OHdG (ng/ml ) 2.95+0.09 2.95+0.05 3.03+0.13 3.224+0.207 3.36+0.11 3.42+0.22 3.45+0.15 3.30+0.14
Hsp70 (ng/ml) 67.9+£18.97  68.19+£18.31 91.41+1534 67.65+27.34 129.95+55.97 117.45+42.41 154.86+44.17 103.67+33.93

increases lipid peroxidation and that an increase in lipid
peroxidation product may result in a tumor.!” The discus-
sions on octreotide’s treatment in hepatocellular carcinoma
are still ongoing: octreotide has been shown to inhibit car-
cinoid tumor cells in several clinical trials and in various
experimental models. Animal tumor model studies have
shown the inhibition of somatostatin and tumor growth in
human tumor cell lines. Furthermore, some studies have
demonstrated that octreotide possesses antiproliferative
anti-lipid peroxidation properties.!31% MDA is the last ma-
jor product of lipid peroxidation; it is mutagenic and car-
cinogenic. The manufacture of MDA and its reaction with
DNA to form mutagenic adducts provides a connection be-
tween lipid peroxidation.?’ Previous studies have reported
that 2-AAF and DEN increase MDA levels. We observed
that our study increased MDA levels more when given with
DEN + 2-AAFE 2!

Octreotide has been determined that cardiomyocytes
increase the antioxidant capacity by activating the Nrf2
pathway. As shown in Table 2, we observed that octreotide
reduced MDA levels. This was concordant with the previ-
ous study. This may be due to the fact that octreotide is a
free radical scavenger. SOD, CAT and GSH-Px are signifi-
cant endogenous antioxidant enzymes. SOD catalyzes the
breakdown of superoxide anion into H20: and oxygen;
CAT and GSH-Px are the enzymes playing role in the re-
duction of H20: to water.??

Indeed, an important feature of tumor inducers such
as DEN and 2-AAF stimulates the production of ROS.
These enzymes reduce or clear ROS. For example, SOD is
an important antioxidant defense in almost all living cells
exposed to oxygen.? In one study, DEN and 2-AAF deter-
mined that SOD activity increased in rat liver cells.** We
think that SOD activity increases in Group 6 and Group
8 are the response to free radicals produced by DEN and
2-AAF excessively. There are many studies on the reduc-
tion of CAT and GSH-Px activities in DEN and 2-AAF in-
duced groups. However, the activity of these enzymes has
increased in the treatment groups (Vitamin C, L-carnitine,
blueberry).2>-26

Octreotide may have triggered these enzymes at low dos-
es. NO reacts with peroxy and oxyradicals generated pend-
ing the process of lipid peroxidation. NO is known to inhib-
it the repair of DNA damage to proteins. NO is a biological
reporter in physiological and pathological disorders. ROS
species cause more than 20 oxidative base damage prod-
ucts in DNA. N-nitroso compounds cause single-strand
breaks in DNA in liver cells.”” The 8-OHdG is highly sen-
sitive among the bases that are exposed to this challenge.

It is the most common oxidative DNA damage indicator.
In our study, DEN and 2-AAF increased the level of 8-OH
dG.28 Nakae et al. reported that the level of 8-OHdG, which
reflects oxidative damage to DNA, increased significantly
with DEN in a dose-dependent manner in liver DNA.?

The accumulation of ROS in cells has been shown to ad-
versely affect cells. In response to ROS, which may lead to
oxidative stress, it is not surprising that the highly regulat-
ed proteins called “heat shock proteins,” protect the cells
by increasing the level of expression. However, this com-
ment was developed with the addition of the Hsp70 fami-
ly. Therefore, it has been suggested that the cytoprotective
effects of Hsps may be due to the protection of DNA breaks
in response to ROS-induced stimuli. Hsp70 is normal-
ly kept at low levels. However, it can be stimulated under
conditions that damage the protein. Hsp70 is expressed in
many types of cancers such as breast, colon, liver, prostate
and esophageal carcinomas.*

Hsp70 levels increased significantly in group 5 and
group 7. However, OCT did not significantly reduce Hsp70
levels. Nevertheless, in our study, cells leading to tumor
growth also support the idea that Hsp70 levels (Table 3)
may increase and that OCT partially reduces DNA breaks.
After administration of DEN and 2-AAF, liver lipid perox-
idation levels were confirmed to be elevated and found to
alter some antioxidant parameters. At the dose we gave it
(300 pg/kg), octreotide has a positive effect on the antiox-
idant defense system. In summary, octreotide may also be
an inhibitor in tumor-bearing cells and may be a factor in
reducing oxidative stress. More work needs to be done to
understand this.
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3KCNepPUMeHTaIbHOW KPbICUHOI MoAeNnu ¢ NeYEHOUHbIM
KaHLeporeHe3om

Bemup Vucan!, Eprion Benre Kypyram?

I Qaxynvmem meduvunckux nHayx, Yuusepcumem Mapoun Apmynxy, Mapoun, Typuyus

2 Kagpedpa meduyumckoti 6uoxumuu, meduyunckuii paxynvmem, Yuusepcumem Cymuy Vmam, xamnyc Ascap, Kaxpamanmapac, 46050, Typuyust

Appec ans koppecnoHaeHuun: Bemnp Yican, @akynbTeT MeIUIMHCKMX HayK,, YHUBepcuTeT Mapnun ApTynky, Mappaun 47200, Typuus; E-mail:
velidunsal@gmail.com; Ter.: (0482) 213 40 02

[ata nonyyeHus: 19 uosi6ps 2018 ¢ flata npuemkm: 30 urons 2019 ¢ fata ny6nukaumm: 31 mapra 2020

O6pasel, uuTnposaHusa: Unsal V, Kurutas EB. Investigation of the effects of octreotide agent on oxidative stress, 8-hydroxy de-
oxyguanosine in experimental hepatic carcinogenesis rat model. Folia Med (Plovdiv) 2020;62(1):70-5. doi: 10.3897/folmed.62.e47735.

AGCTpaKkT

BeepeHue: 2-AAF 1 DEN AB/IAIOTCA TOKCUMYHBIMY ar€HTaMM, 4aCTO MCIIOIb3yeMbIMI /IS CTUMY/IALIUM PasBUTIUSA OLYXO/HU y 1abo-
PaTOPHBIX )KMBOTHBIX.

Lensb: Iennio fanHoro uccaenosanus 6bu10 usydenue At DEN-nxgynpoBanHoro 1 2- AAF-06aBlIeHHOT0 KaHIleporeHesa y
KpbIc-anbbuHocoB Wistar.

Matepuanbl n metoabl: B sTom ncciegoBannu 64 Kpbichl muHuy Bucrap 6bumn pasgenenst Ha 8 rpymmn. DEN (175 mr / kr) uH-
myuuposai, a 2-AAF (20 Mr / Kr) cTUMy/IMpoBas Ne4€HOYHbI KaHIIepOreHe3 Yy KpbIC. VICIO/Mb30Bamy MHIUOUTOP POCTa OIIyXO/IN
okrpeorus (300 ur/kr). Kpbic ymMepIB/iAim B KOHIIE SKCIIEPYMEHTA 1 MX TKaHY IIeYeHY MCIIONb30Ba/IN JI/IA TeCTUPOBaHuA. Vamepamm
crekTpodoroMerprdeckyio aktuBHOCTh SOD, GSH-Px 1 CAT, a taxoke yposau NO 1 MDA. Kpowme Toro, Hsp70 u 8-OHdAG usmepsinu
metomom ELISA.

Pesynbratbl: B rpymnme 7 yposuun MDA, 8-OHAG n Hsp70 6bumy 3HaunTenbHO HoBbiIeHbl. Kpome Toro, aktuBHocTs SOD 1 GSH-
Px 6bl/Ta 3HAUNTEIBHO CHIDKEHA B 90 rpyIe. Yposau MDA, 8-OHdAG u Hsp70 6b1111 3HAYNTENILHO CHYDKEHBI B IPYIIIIe 8, KOTOPYIO
JTIeUV/IVE OKTPEOTUJIOM.

3akntoueHue: DEN u 2-AAF BbI3bIBAIOT OYeHb Cepbe3HOe MoBpekaeH e nedeHr. OKTpeoTHs 3allniaeT edyeHb OT KaHIlepOoreHesa,
IIOBBINIAET aKTMBHOCTD K/JI€TOYHbBIX AHTNOKCUJAHTHBIX q)epMeHTOB " IIoMoraetT yMeHI)IJ_II/[TI) HOBpe>KI[€HI/Ie HHK BI/IIIy 3TOTO OKTpGO—
TS MOXET I/II‘paTI) pOIII) I/IHI‘I/I6I/ITOpa OHyXOHeBbIX KJIETOK U MOXXET yMeHhHlaTI) OK]/IC]II/IT€III)HI)II7[ CTpeCC.

KnwoueBble cnoBa

OKICIUTEIbHBLI cTpece, okTpeotus, 2-AAE, DEN, Hsp70
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