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Ozet

Amac: Bu c¢alismada University of Wisconsin (UW) and histidine—tryptophan—ketoglutarate(HTK) prezervasyon soliisyonlar1 lizerine P-coumaric asit ve
Elagic asidin koruyucu etkinliginin degerlendirilmesi amaglandi.

Gere¢ ve Yontemler: Otuz altt Wistar albino erkek sigan esit 6 gruba ayrildi: (Grup 1) UW; (Grup 2) UW + P-coumaric; (Grup 3) UW+Elagic; (Grup 4)
HTK; (Grup 5) HTK + P-Coumaric; (Grup 6) HTK + Elagic. Karaciger (KC)perfiizyonu yapildiktan sonra 0, 6 ve 12. saatte karaciger dokusundan ve per-
flizyon sivisindan 6rnekler alindi. Altinet saatte histopatolojik ve elektron mikroskopik inceleme igin KC biyopsileri yapildi.

Bulgular: P-coumaric asit ile zenginlestirilmis gruplarda (grup 2 ve grup5) 0. saatte kontrol gruplarina gore yiiksek olan antioksidan enzim aktivitelerinin
azaldig1 ve 6 ve 12. saatte farkin ortadan kalktig1 goriildii. Ellagic asit ile zenginlestirilen gruplarda ise en yiiksek en yiiksek antioksidan enzim aktivitesinin
grup 6’da oldugu, gruplar inflamatuar parametreler olan sitokin aktivitesi agisindan degerlendirildiginde antiinflamatuar sitokinler olan IL4 ve IL10 dege-
rinin en yiiksek oldugu grubun grup 6 oldugu, grup 3 de de sonuglarin grup 6 ile benzer oldugu gériildii. inflamatuar sitokinler olan TNF- o, IL1 ve IL6
acisindan en diisiik degerlerin grup 3’de oldugu grup 6 daki sonuglarin ise grup 3’e gore yiiksek olmakla birlikte 6zellikle IL6 degerleri agisindan kontrol
grubuna gore anlamli oranda diisiik oldugu goriildii (P<0.05). Elektron mikroskobik incelemede, ellagic asit eklenen gruplarin kontrol gruplarina gore hiic-
resel diizeyde en diisiik hasar diizeyine sahip oldugu goriildii (p<0.001).

Sonug: Elagic asit ve P-Coumaric asitin prezervasyon solusyonlarina eklenmesi transplante edilecek KC dokusu iizerine koruyucu etkilere neden olmustur.

Anahtar Kelimeler: Karaciger transplantasyon, Prezervasyon solusyonlari, Histidine—tryptophan—ketoglutarate, University of Wisconsin, Antioksidan,
Elagic asit, P-Coumaric asit

Abstract

Objective:This study aimed to evaluate the preservative efficacy of University of Wisconsin (UW) and histidine-tryptophan-ketoglutarate (HTK) preserva-
tion solutions enriched with P-coumaric acid and ellagic acid.

Materials and Methods:Thirty-six Wistar albino male rats were divided into 6 equal groups; (Group 1) UW; (Group 2) UW + P-coumaric; (Group 3)
UW-+Ellagic; (Group 4) HTK; (Group 5) HTK + P-Coumaric; and (Group 6) HTK + Ellagic. After liver perfusion, at 0, 6 and 12 hours samples were taken
from liver tissue and perfusion fluid. In the 6th hour, liver biopsy was performed for histopathologic and electron microscope investigation.

Results: In group 2 and group 5, high antioxidant enzyme activity compared to the control group was reduced at 0 hour and by 6th and 12th hours the diffe-
rence was no longer observed. The highest antioxidant enzyme activity was in Group 6. The highest values for IL-4 and IL-10 anti-inflammatory cytokines
were in Group 6, with similar results observed in Group 3. The lowest value for the inflammatory cytokines of TNF- q, IL-1 and IL-6 were in Group 3.
Though the results in Group 6 were high compared to Group 3, they were observed to be significantly low compared to the control groups, especially IL-6
values (p<0.05). Electron microscope investigations observed that lowest damage at the cellular level compared to the control group was observed in the
groups with added ellagic acid (p<0.001).

Conclusion:Adding ellagic acid and p-coumaric acid to preservation solutions causes protective effects on liver tissue for transplantation.

Key words:Liver transplantation, Preservation solutions, Histidine-tryptophan-ketoglutarate, University of Wisconsin, Antioxidant, Ellagic acid, P-couma-
ric acid.
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INTRODUCTION

Like all transplantation programs, in liver (L) transplan-
tation one of the critical points in determining whether the
graft will be functional when transplanted is preservation of
the harvested liver tissue until transplantation occurs (1).
It may be necessary to transport liver tissue long distances
for transplantation, this means a long cold ischemia process.
One of the primary stages of organ preservation is ensuring
hypothermia to prevent cellular edema. In this way, release
of free oxygen radicals is minimized. An attempt is made to
delay structural changes linked to ischemia in organelles like
mitochondria, lysosomes and the nucleus. If by chance these
changes are not prevented, it is impossible to prevent deve-
lopment of primary non-function of the liver (2,3). With the
aim of preventing this situation and preserving the tissue, the
most commonly used solutions are University of Wisconsin
(UW) and histidine-tryptophan-ketoglutarate (HTK). Due
to the materials contained in the preservation solutions,
cellular swelling is prevented and due to antioxidant and cy-
toprotective effects, the cell membrane is stabilized and cellu-
lar destruction delayed. However, in spite of the use of these
solutions, sufficiently long preservation is not provided each
time. Some researchers have enriched these solutions with
a variety of antioxidant agents in attempts to lengthen the
effect of preserving organ function (3-5).

P-coumaric acid (p-CA) is an organic compound that is
a hydroxy derivative of cinnamic acid. It is found in plants
like peanut, tomatoes and garlic. The phenyl hydroxyl group
is responsible for antioxidant activity; however the antioxi-
dant effect of p-CA is reported to be lower compared to its
derivatives (6). Additionally p-CA shows antimutagenic and
anticarcinogenic effects (7,8), with its anti-inflammatory and
inhibiting effect on platelet aggregation emphasized (9). In
recent times in the literature, there is one study on rats rela-
ted to the effect of p-CA on the liver (10). In this study, thou-
gh it was reported that buckwheat honey containing p-CA
had a protective effect against liver tissue injury induced by
carbon tetrachloride, there were more than twenty antioxi-
dant agents found within this honey. Our study is the first to
evaluate the effect of pure p-CA on the liver.

Ellagic acid (EA) is found in fruits like raspberry, straw-
berry and pomegranate and is a plant-sourced phytochemi-
cal containing four phenolic groups. Studies have reported
that EA has strong antioxidant (11), antimutagenic (12), anti-
carcinogenic (13), anti-inflammatory (14) and anti-apoptotic
effects (13), in addition to hepatoprotective properties (15).

After optimizing factors like surgical technique and hot
ischemia, the aim of this study is to assess the protective ef-
fects on transplanted liver tissue of different preservation
solutions enriched with agents with strong (EA) and weak
(p-CA) antioxidant properties.

MATERIAL and METHODS

Study design and groups

The study was planned according to the principles of the
Helsinki Declaration. The study was completed after recei-
ving permission from Kahramanmaras Stit¢li Imam Univer-
sity (KSU) Animal Local Ethics Committee (KSU; Protocol
No. 2014/03-02). All treatments and applications to experi-
mental animals were completed in accordance with ethical
rules (Institute of Laboratory Animal Resources. Guide for
the Care and Use of Laboratory Animals, 8th edition, 2011,
The National Academies Press, Washington D.C.). In the ex-
periments, 36 adult male Wistar albino rats weighing 300+50
g were used. The rats were habituated to the laboratory con-
ditions of 22 + 2°C room temperature, 60+5% humidity, pe-
riodic (12 hours dark, 12 hours light) white fluorescent light
and fed with standard pellet feed (Bil-Yem Lt., Ankara, Tur-
key) for 1 week. During the experiment all rats were given
feed and drinking water ad libitum. Six groups were formed
each containing 6 rats.

Biochemical agents used for experiments

The chemicals p-CA 5 g and EA 5 g were obtained from
Sigma- Aldrich Chemical Co. (St Louis, MO, USA).

Experimental design

Rats were randomly separated into 6 groups and to pre-
vent bias in the study, the groups were numbered by Aykut
Urfalioglu (AU), who would not participate in experimental
and analysis stages of the study, and placed in separate conta-
iners. The groups were; Group 1 (n=6): UW, Group 2 (n=6):
UW + p-CA, Group 3 (n=6): UW+EA, Group 4 (n=6): HTK,
Group 5 (n=6): HTK + p-CA, and Group 6 (n=6): HTK +
EA. AU, again, prepared perfusion solutions with UW soluti-
on (Viaspan; DuPont Merck Pharmaceutical Company, Wil-
mington, DE, United States) for Group 1, UW solution con-
taining 1 mg/l p-CA for Group 2, UW solution containing
1 mg/L EA for Group 3, HTK solution (Custodiol; Odyssey
Pharmaceutical Inc., East Hanover, NJ, United States) for
Group 4, HTK solution containing 1 mg/l p-CA for Group
5 and HTK solution containing 1 mg/l EA for Group 6 with
the solutions given to the groups with the same numbers. In
this way, the team completing the experimental protocol and
the team completing biochemical and histopathologic assess-
ment were blinded to the study.

General anesthesia was ensured by administering 50 mg/
kg dose of ketamine hydrochloride (Ketalarflk, Eczacibasi,
Istanbul, Turkey) by the ip route and laparotomy was per-
formed with a medial line incision. The portal pedicle was
identified and tied above the abdominal aorta truncuscelia-
cus and below the SMA. The IVC was tied before the hepatic
vein branches and after arterial and venous circulation was
cut to the liver, the portal vein was cannulized for liver perfu-
sion. For Group 1 UW (Viaspan; DuPont Merck Pharmaceu-
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tical Company, Wilmington, DE, United States) solution was
used, for Group 2 UW solution with 1 mg/l p-coumaric acid
added, and for Group 3 UW solution with 1 mg/L ellagic acid
added was used for perfusion. For Group 4 HTK (Custodiol;
Odyssey Pharmaceutical Inc., East Hanover, NJ, United Sta-
tes) solution was used, for Group 5 HTK with 1 mg/l p-cou-
maric acid added was used, and for Group 6 HTK solution
with 1 mg/L ellagic acid added was used for perfusion. Per-
fusion continued until clear fluid came from the hepatic vein
and hepatectomy was performed. Liver tissue was placed in
bags containing the preservation fluids they were washed in,
with the bags placed in ice-filled storage containers.

For biochemical investigation liver biopsies were obtai-
ned from the perfused liver tissue at 0, 6 and 12 hours and
fluid samples of the solution the liver tissue was stored in
were taken in biochemical tubes. Liver biopsies were obtai-
ned in the 6th hour for histopathological investigation and
electron microscope assessment.

For assessment of tumor necrosis factor a (TNF-a), in-
terleukin 1 (IL-1), interleukin 4 (IL-4), interleukin 6 (IL-6),
interleukin 10 (IL-10), and alanin transaminase (ALT) levels,
fluids were taken from the preservation solutions at 0, 6 and 12
hours. For assessment of catalase (CAT), superoxide dismu-
tase (SOD), malondialdehyde (MDA) and glutathion peroxi-
dase (GSH-Px) levels, liver tissue samples were obtained at 0,
6 and 12 hours. All samples were stored at -70 °C until study.

Preparation of homogenate

Liver tissue samples were homogenized ( Miccra D-8
homogenizer tool (ART, Germany)) in 1.15% KCI cold ice
and centrifuged at 14,000 rpm to prepare for measurement
of MDA, SOD, GSH-Px and CAT activity.

Biochemical analysis

Identification of MDA, SOD, CAT and GSH-Px
levels

MDA levels in tissue were measured spectrophotometri-
cally by absorbance at 532 nm of the pink-red color of the
compound formed by MDA with thiobarbituric acid (TBA)
in acidic pH and hot environment, based on the method used
by Ohkawa et al. (16). SOD activity in tissue samples was de-
termined by the transformation of the superoxide radical to
hydrogen peroxide and the degree of inhibition of this reacti-
on by SOD. There is an inverse relationship between SOD ac-
tivity and amount of color with the reaction assessed from a
standard curve of initial absorbance in the first 30 seconds of
exposure to air at 37 °C in cuvettes with 1 cm at 505 nm wa-
velength. As described by Sun et al. (17), CAT catalyzes the
destruction of H202. The destruction rate of H202 by CAT
is measured spectrometrically by using the light absorbed by
H202 at 230 nm. Sinha (18) used the method of Beutler (19)
to measure GSH-Px activities. GPx catalyzes the oxidation of
reduced gluthathione (GSH) via H202 to oxide glutathione
(GSSG). In environments with H202 t-butyl hydroperoxide,
the GSSG formed by GPx is reduced to GSH with the aid of
glutathione reductase and NADPH. GPx activity is spectrop-

hotometrically read as the absorption difference at 340 nm
during the oxidation of NADPH to NADP (20).

Identification of TNF-a, IL-1, IL-4, IL 6, and IL-
10 levels

Fluid samples taken from preservation solutions at 0. 6
and 12 hours for TNF-a, IL-1, IL-4, IL 6 and IL-10 measu-
rements were placed in eppendorf tubes and stored at -70 °C
until analysis. IL-1pB, IL-4, IL 6 and IL-10 levels were iden-
tified as pg/ml using rat IL-1p, IL-4, IL 6 and IL-10 ELISA
kits (IL-1pB, IL-4, IL 6, IL-10 Rat Enzyme-Linked Immuno-
sorbent Assay (ELISA) Kits, respectively, Catalog numbers:
KRC0011-0041-0061-0102, NovexTM, ThermoFisher Scien-
tific, USA). Serum TNF-a level was measured in pg/ml using
a rat TNF-a ELISA kit (Rat TNF-a ELISA Kit, Catalog no:
KRC3011, NovexTM, ThermoFisher Scientific, USA).

Identification of ALT levels

ALT enzymes in preservation solution were studied with
a Siemens brand (Germany) Advia 1800 Chemistry system
autoanalyzer in the biochemistry laboratory. Results were
quantitated according to a calibration curve.

Histopathological parameters

Liver tissue samples were fixated in 10% formaldehyde
then submerged in paraffin blocks and prepared in 5 um se-
ctions with a Leica RM2145 microtome. Tissue sections were
stained with hematoxylin eosin (H&E) and investigated with
a Nikon DS-Fi2 microscope at 400x magnification. Under
400x magnification 4 areas accepted as 1 mm?2 had broad
eosinophilic cytoplasm apoptotic cells with small piknotic
nuclei counted.

Caspase 3 Immunohistochemical staining

Apoptosis and protein expression with a role in regula-
tion of apoptosis occurring in liver cells was assessed. Secti-
ons prepared after fixation in formaldehyde in paraffin blo-
cks were stained with caspase-3 antibody (BosterBio, 1:100
dilution) and immunohistochemical stain (Ventana Bench
Mark XT IHC/ISH). Increased (high) caspase-3 expression
was accepted as positive with strong cytoplasmic and nuclear
staining. Each slide had positive cells counted in 4 different
fields (nearly 1 mm?2 area) at 400x magnification.

Electron Microscope Investigation

Liver tissue samples taken for electron microscope inves-
tigation were fixated in 2.5% gluteraldehyde (0.2 M NaH2PO4
+ NaHPO4 (pH: 7.2-7.3)) and 1% OsO4 then dehydrated
with acetone and submerged in araldite blocks. Thin sections
with 80 nm thickness were sliced from the araldite (Araldite
Cy 212) blocks with an ultramicrotome and placed on cop-
per grids. After contrast processes with uranyl acetate and
lead citrate, sections were investigated with a Zeiss Libra 120
Transmission electron microscope (Carl Zeiss NTS GmBH;
Oberkochen, Germany) and photographed.

Statistical Analyses

Data were analyzed using the SPSS 22 software (SPSS®
version 22.0; SPSS, Chicago, IL, USA). Numeric variables
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are presented as mean * standard deviation. Groups were
compared using the ANOVA test, while assessments wit-
hin groups used the Tukey HSD method. The data were
analyzed by a Repeated measure ANOVA followed by the
Bonferroni test for between-group comparisons. We anal-
yzed interaction between two factors (time by group inte-
raction and the effects of time after drug administration).
When Mauchly test was significant, normality and equality
of variance were not violated in groups and the Greenhou-
se-Geisser adjustment was performed to determine the sta-
tistical significance of the factors (time after treatment and
time group interaction). An overall %5 type-1 error level
was used to infer statistical significance. Significance was
accepted as p<0.05.

Sample Size

The pilot study results were analyzed by repeated mea-
sure ANOVA test. The sample size was determined based on
the IL 1 since IL 1 values were the lowest significance value.
At one time point (12 hour), the change in IL1 (Mean 0.42,
SD: 0.12) results in F: 3.15 effect size > 0.25; a p<0.05) the
number of 6 animals per group provided sufficient statistical
power (1 - B = 0.90). Base on the pilot study, 6 animals were
calculated in each group according to the sample calculated
with repeated measure ANOVA test. Study statistical power
was confirmed via a sensitivity analysis performed with
G*Power 3.1.9.2 software (University of Dusseldorf; http://
www.gpower.hhu.de/en.html).
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RESULTS

Results of biochemical analyses
MDA values

A one-way repeated measured analysis of variance (ANO-
VA) (followed by Bonferroni’s correction) was conducted to
evaluate the null hypothesis that there is no change in groups
‘MDA hour 1, hour 6 and hour 12’ The results of the ANOVA
indicated a significant time effect, by time [F (2, 60) =10,04
p<0.001 n2=0,251] and by time * group interactions [F (10,
60) =3,90 p<0.001 12 =0,394]. Thus, there is significant evi-
dence to reject the null hypothesis.

With the aim of assessing the degree of oxidation, MDA
measurement was performed. When the Ist and 4th groups
are assessed, there was no difference observed between the
groups at the 0 and 12th hours (p=0.827, p=0.956, respecti-
vely). In the 6th hour, the MDA values in the 4th group were
lower (p=0.039). When the treatment groups are assessed in
terms of MDA values, no group was different in the 12th
hour, while in the 0 and 6th hours the values in Group 2 and
Group 3 were significantly lower compared to the control
groups (p<0.001 for all). Though the MDA values in Group
6 at 0 hour were low compared to the control group, there
was no statistically significant difference observed in the
6th and 12th hours (p=0.001, p=0.998, p=0.273, respecti-
vely). The variation of MDA values over time is shown in

Figure 1.
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Figure 1. Variation in antioxidant enzyme levels and MDA levels over time in the groups
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CAT values

The results of the ANOVA indicated a significant time ef-
fect, by time[F (2, 58) =77,68p<0.001 n2=0,728] and by time
* group interactions [F (10, 58) =0,90 p=0.537 12 =0,135].
There was a reduction in all groups with time, while generally
the CAT values in the treatment groups were higher than the
control groups. However, during the study period this incre-
ase was not identified to be statistically significant (p>0.05
for all). The variation in CAT values over time is shown in

Figure 1.
SOD values

The results of the ANOVA indicated a significant time ef-
fect, by time [F (2, 60) =9,76 p<0.001 n2=0,259] and by time *
group interactions [F (10, 60) =1,10 p=0.378 2 =0,164]. The
SOD values in Group 1 were higher than the SOD values in
Group 4, though the difference did not appear to be statisti-
cally significant (p<0.05, for all). At all times the highest SOD
values were in Group 5 and Group 6; however the differen-
ce was not statistically significant compared to other groups
(p>0.05 for all). The variation of SOD values with time is
shown in Figure 1.

GSH-Pxvalues

The results of the ANOVA indicated a significant time ef-
fect, by time [F (2, 60) =36,11 p<0.001 12=0,555] and by time
* group interactions [F (10, 60) =13,34 p<0.001 12 =0,697].
The GSH-Px values in Group 1 and GSH-Px values in Group
4 were not different at all times (p>0.05 for all). The highest
GSH-Px values were in Group 2 and Group 3; however inc-
luding in these groups the difference was not observed to be
statistically significant (p<0.05 for all). The difference in GS-
H-Px values with time is shown in Figure 1.

= + Group 6 IL4 (pgrimg prt)

TNF-a values

A one-way repeated measured analysis of variance (ANO-
VA) (followed by Bonferroni’s correction) was conducted to
evaluate the null hypothesis that there is no change in groups
" TNF-a hour 1, hour 6 and hour 12' . The results of the
ANOVA indicated a significant time effect, by time [F (2, 60)
=10,07 p<0.001 12=0,305] and by time * group interactions
[F (10, 60) =3,17 p=0.004 112 =0,409]. Thus, there is signifi-
cant evidence to reject the null hypothesis. When the TNF-a
values studied in preservation solutions are compared, there
was no significant difference between Group 1 and Group 4
at 0 and 6 hours (p=0.972, p=0.983, respectively). However,
in the 12th hour the TNF-a values in Group 1 were obser-
ved to be higher, but did not reach significance (p=0.146).
When assessed in other groups, the TNF-a values in Group
2, Group 3 and Group 5 were significantly low in the 0 and
12th hours compared to the control group (p<0.05 for all).
In the 6th hour, no group was observed to be different from
the control groups (p<0.05 for all). The variation in TNF-a
values with time is shown in Figure 2.

IL-1 values in Group 1 and Group 4 were not different
between the groups (p>0.05 for all). The variation in IL-1 va-
lues with time is shown in Figure 2.

IL-4 values

We used a repeated measure ANOVA followed by Bon-
ferroni’s correction to analyze the significance of the data.
There are statistically significant differences produced by
time [F (2, 60) =67,13 p<0.001 12=0,691] and by time *
group interactions [F (10, 60) =12,14 p<0.001 12 =0,669] on
IL4. The IL-4 values in Group 3 and Group 6 were higher
than the control group at all three time points and the diffe-
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Figure 2. Comparison of inflammatory, anti-inflammatory and ALT levels in the groups
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rence was significant (all p<0.001). The IL-4 values in Group
2 and Group 5 were not different from the control group at
any time (p>0.05). The variation with time of IL-4 values is
shown in Figure 2.

IL 6 values

There are statistically significant differences produced
by time [F (2, 60) =37,79 p<0.001 12=0,622] and by time *
group interactions [F (10, 60) =8,02 p<0.001 12 =0,636] on
IL6. When the IL-6 values in Group 1 and Group 4 are com-
pared, there was no different at all times within the study
duration (p>0.05 for all). While the IL-6 values in no group
were different in the 6th hour (p>0.05 for all), in the 12th
hour the IL-6 values in Group 2, Group 3 and Group 6 were
observed to be statistically significantly low compared to the
control groups (p<0.001, p<0.001, p<0.001, respectively).
The variation in IL-6 values with time is shown in Figure 2.

IL-10 values

There are statistically significant differences produced
by time [F (2, 60) =18,55 p<0.001 12=0,447] and by time *
group interactions [F (10, 60) =3,08 P=0.004 12 =0,401] on
IL10. When Group 1 and Group 4 are compared, there was
no significant difference between the groups at 0 and 6 hours
(p=0.978, p=0.935, respectively). In the 12th hour the IL-10
values in Group 1 were higher, but this difference did not
reach statistical significance (p=0.791). While no group was
different in the 0 and 6 hours (p>0.05, for all), in the 6th hour
the IL-10 values in Group 2 and Group 6 were higher compa-
red to the control groups (p<0.05, P<0.001, respectively). The
variation with time of IL-10 values is shown in Figure 2.

ALT values

There are statistically significant differences produced
by time [F (2, 46) =54,92 p<0.001 12=0,774] and by time *
group interactions [F (10, 60) =5,29 P=0.001 2 =0,623] on
AST. While there was no difference identified between the
groups at the initial time, at the end of the 12th hour the
lowest ALT values were in Group 3. However, the differen-

ce was not significant compared to Group 1 (P>0.05). When
compared to Group 4, the results in both Group 3 and Group
6 were significantly lower (P<0.05).

Results of Histopathological Investigation

H&E histopathologic assessment of apoptotic cells in
liver tissue observed no difference between Group 1 and
Group 4 (P=0.566). In Group 2, Group 3 and Group 6, the
apoptotic cell counts were observed to be lower compared
to the control groups (P=0.001, P=0.001, P=0.001, P=0.001,
respectively) Figure 3 and 4. The apoptotic cell count in
Group 5 was slightly lower than Group 4, though the diffe-
rence was not significant (P=0.082). According to the results
of caspase 3 immunohistopathological assessment, the apop-
totic cell counts found in Group 2, Group 3, Group 5 and
Group 6 were observed to be lower compared to the control
groups (P=0.001, P=0.001, P=0.002, P=0.001, respectively)
The results are shown in Figure 3 and 5.

Results of Electron Microscope investigation

Ultrastructural investigation of liver tissue was comple-
ted with statistical evaluation in terms of total injury score.
The lowest cellular damage occurred in Group 3 and Group
6 and the difference was observed to be significant compa-
red to the control group (P=0.001, P=0.01, respectively). In
Group 2 and Group 5 with p-CA added, the injury was less
compared to the control groups, but the results were not
observed to be significant (P=0.851, P=0.151, respectively).
When Group 1 and Group 4 are compared, there was no dif-
ference observed in total injury score (P=0.997)(Figure 3).
When the groups are assessed in terms of ultrastructure, the-
re was moderate degree of boundary irregularity in the nuclei
of hepatocytes in Group 1. In some areas of hepatocyte and
sinusoidal endothelium sporadic necrotic degeneration and
minimal dilatation in the perinuclear area was observed. In
Group 4, there was a moderate degree of perinuclear dilatati-
on, with crista loss observed in some hepatocyte mitochond-
ria. In both groups, there was a density increase observed in
the interstitial area generally.
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Figure 3. Statistical comparison of apoptotic cells H&E (A),
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In Group 2 and Group 5 hepatocytes generally had nor-
mal ultrastructure, with sporadic small lysosomes and lipid
vacuoles observed at intervals.

For liver tissue in preservation solutions with ellagic acid
added (Group 3 and Group 6), electron microscopic investi-

re, with some hepatocytes identified to have minimal spora-
dic intrastoplasmic edema in the perinuclear area. However,
there was no organelle injury in these hepatocytes. The in-

terstitial area was open and sinusoidal endothelium appeard
to have normal ultrastructure (Figure 6).

gation found hepatocytes generally had normal ultrastructu-

Group 4 Group 5 Group 6

Figure 4. H&E staining in the groups (pink eosinophilic cytoplasm piknotic nuclei apoptotic hepatocytes shown with ar-
rows) 400xmagnification. Group 1) UW; Group 2) UW + p-CA; Group 3) UW+EA; Group 4) HTK; Group 5) HTK + p-CA;
Group 6) HTK + EA group

Figure 5. Caspase 3 immunohistochemcial staining in groups (activated caspase 3 and strong cytoplasmic or nuclear sta-
ining accepted as positive, apoptotic cells shown with arrows) 400xmagnification. Group 1) UW; Group 2) UW + p-CA;
Group 3) UW+EA; Group 4) HTK; Group 5) HTK + p-CA; Group 6) HTK + EA group

KSU Medical Journal 2021;16(2) : 108-207 204 KSU Tip Fak Der 2021;16(2): 108-207



YAZAR et al.

Figure 6. Electron microscope images of liver tissue in different preservation solutions

Group 1. Lipid vacuoles (short arrows), nucleus (N), mitochondria (arrow), intracellular edema (star). Scale bar = 2 um

Group 2. Minimal intracellular edema (star), mitochondria (arrow). Scale bar = 2 um

Group 3. Minimal intracellular edema with relative normal liver cells compared to other groups. Scale bar = 2 um

Group 4. Nuclear chromatolysis (N) in nucleus of hepatocytes and intracellular edema (star). Scale bar = 2 um

Group 5. Minimal intracellular edema (star), mitochondria (arrow). Scale bar = 2 um

Group 6. Relatively normal ultrastructure liver cells compared to other groups, minimal intracellular edema (star), mito-

chondria (arrow). Scale bar = 2 um

DISCUSSION

Completed for the first time in 1963, liver transplantation
in the terminal period is used for a variety of liver diseases
(21). In spite of increasing success linked to the use of im-
munosuppressive agents, intensive care facilities and expe-
rience, failure is still a serious problem (22). One of the most
important causes of failure is primary non-function (PNF).
Development of PNF in liver transplantation is blamed on
a variety of factors like surgical technique, preservation da-
mage, hot ischemia and histopathologic structure of the do-
nor organ. Of these factors perhaps the only one that can be
changed is preservation (23). A variety of studies have shown
that free oxygen radicals released from Kupffer cells and en-
dothelium during ischemia cause cellular damage (23, 24).
After optimizing factors like surgical technique and hot is-
chemia, the aim of this study is to assess the effects on liver
damage of enriching preservation solutions with agents with
weak and strong antioxidant capacity.

When the study results are assessed in short, in groups
enriched with p-CA (Group 2 and Group 5) antioxidant en-

zyme activities were high at 0 hour compared to the control
group, especially in Group 5. However, over time this diffe-
rence disappeared. In the groups enriched with EA, though
the enzyme activities reduced over time, especially in Group
6, the antioxidant enzyme activity was observed to be high
compared to the other groups. When groups are assessed in
terms of cytokine activity for inflammatory parameters, the
anti-inflammatory cytokines of IL-4 and IL-10 were highest
in Group 6, while the results in Group 3 were similar to Group
6. The results in Group 2 and Group 5 were not found to be
different to the control groups. In terms of the inflammatory
cytokines of TNF-a, IL-1 and IL-6 the lowest values were in
Group 3, with higher values in Group 6 compared to Group
3 and IL-6 values especially observed to be significantly low
compared to the control group (P<0.05) . In our study the
objective marker of EM investigation allowing evaluation of
damage at the cellular level found the groups with EA added
had lower damage levels at the cellular level compared to the
control group. The cellular damage results in Group 2 and
Group 5 were low compared to the control groups, but the
difference was not statistically significant (P>0.05).
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In the literature there are many studies evaluating the ef-
fects of UW and HTK preservation solutions on liver preser-
vation. The basic emphasis in these studies is that as the UW
solution is a solution with high viscosity due to the hydrox-
yethyl starch (HES) it contains and shows a hyperaggrega-
ting effect on erythrocytes, it is reported that it increases the
liver perfusion duration, lengthens the total cooling time and
increases the hepatic artery resistance. As a result, just as the-
re are experimental studies reporting negative effects in the
early period (25, 26), there is a study reported it more effec-
tively reduces edema compared with HTK solutions. While
there is no difference in terms of transplantation results in
the HTK and UW groups, the biliary tract complications in
the HTK group are stated to be higher compared to the UW
group (27). In our study, the MDA values at 0 and 12 hours
were similar in the UW and HTK groups but at the 6th hour
the value in the HTK group was lower compared to the UW
group (P=0.039). In terms of antioxidant enzyme activities,
inflammatory and anti-inflammatory cytokine levels, there
was no difference observed between the two groups. In our
study the most objective marker of injury was histopatho-
logic and electron microscopic investigations, with no dif-
ference between the two groups in terms of histopathologic
apoptotic cells and electron microscopic damage.

The basic mechanism of the hepatoprotective effect of
p-CA is its anti-oxidant effect. In studies of rats with indu-
ced cardiac pathology, p-CA is cardiac protective and this is
stated to be due to the free radical scavenger effect lowering
MDA levels and antilipidemic and direct antioxidant effe-
cts (28). Another study identified a fall in MDA levels and
increase in SOD and GSH levels in rats treated with p-CA
after a cardiotoxicity model was induced by antineoplastic
DOX (doxorubicin) (29). In our study addition of p-CA to
the preservation solutions reduced MDA levels; however
only the reduction in Group 2 was observed to be statistically
significant. When evaluated in terms of antioxidant enzyme
activity, the CAT, SOD and GSH-Px levels in Group 2 and
Group 5 were high compared to the control groups; however
the difference was not significant. When the inflammatory
cytokine values in Group 2 and Group 5 (TNF-q, IL-1, and
IL-6) are generally assessed, the results in both groups were
significantly low compared to the control group at 0 and 12
hours (P<0.05 for all). In the 6th hour, there was no differen-
ce in any group compared to the control groups (P>0.05 for
all). When the results are assessed in terms of immunohisto-
pathological apoptotic cells and electron microscope dama-
ge, the results in both groups were lower compared to the
control groups; however a statistical difference was only ob-
served in Group 2 in terms of immunohistochemical staining
results. Another striking point of the study was that the use of
p-coumaric acid, which has lower antioxidant capacity than
ellagic acid, showed no difference from the control group in
respect of both antioxidation markers and histological chan-
ges. This finding supports the aim of the study.

Celik et al. reported that EA, especially used at high dose,
has antioxidant efficacy in the liver (30). Salem et al. (31) ad-

ministered aluminum to rats to induce oxidative stress in an
experimental model and found that EA reduced the MDA
levels and increased the antioxidant efficacy of GSH, GSH-Px
and CAT. They stated it had a protective effect on liver cells
against oxidative damage. In accordance with the literature,
in our study the addition of EA to preservation solutions re-
duced the MDA levels, a marker of oxidation in the environ-
ment, and increased the GSH, GSH-Px and CAT levels, mar-
kers of antioxidant capacity. Similar results were observed to
anti-inflammatory cytokines. When the results are assessed
in terms of immunohistopathologic apoptotic cells and ele-
ctron microscopic damage, in both groups the results were
observed to be statistically significantly lower compared to
the control groups.

When the treatment groups are compared, in the groups
enriched with EA antioxidant enzymes and anti-inflamma-
tory cytokines were higher, while immunohistopathologic
apoptotic cell numbers were lower and there was more li-
mited cellular damage observed. Additionally, moderate
boundary irregularity was observed in the hepatocyte nuclei,
sporadic necrotic degeneration in some areas of hepatocyte
and sinusoidal endothelium and minimal dilatation was ob-
served in the perinuclear areas in the UW and HTK groups.
In the groups with p-CA added though sporadic small ly-
sosomes and lipid vacuoles were observed at intervals, the
hepatocytes were generally observed to have normal ultrast-
ructure. In the groups with EA added, the ultrastructure was
observed to be close to normal. This leads to the conside-
ration that p-coumaric acid and ellagic acid neutralize free
oxygen radicals leading to protection against the destructive
effects of free oxygen radicals on the cellular membrane and
cellular structure.

Due to limited organ reserves and the waiting time beca-
use harvested organs may not be transplanted immediately,
the storage of organs is important. Therefore, studies related
to this subject are important. The results of this study have
shown that increasing the antioxidant capacity of preserva-
tion solutions provides longer protection for the cells. Furt-
hermore, it was determined that agents with high antioxidant
properties showed a greater protective effect. Nevertheless,
as this was an experimental animal study, there is a need for
further studies to support these results.
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