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Abstract

Aim: The aim of this study is to use the reducing effect of thiopental on metabolic rate to reduce basal metabolic rate
and thus energy requirements in organs with doses administered before organ transplantation and in this way to
increase organ viability by reducing to a minimum tissue damage occurring during the cold ischemia process.

Methods: The study was started with 20 Wistar albino rats in 2 groups. In Group 1 (Control=Ketamine-Xylazine group)
and Group 2 (Thiopental group), rats had a midline incision made after shaving the abdominal region under anesthesia
with appropriate agents. The portal vein was entered with a cannula and organ storage solution at +4 °C was injected to
the portal vein to perfuse the liver. Then hepatectomy was performed, the livers were placed in Falcon tubes containing
+4°C organ storage solution and stored at +4°C. Tissue samples were taken for histopathologic and TUNEL
investigation and storage solution samples were taken for biochemical analysis at 12th hour.

Results: In histopathologic evaluation, the mean for hydropic degeneration and sinusoidal dilatation was higher in
Group 1 compared to Group 2, but the results weren’t statistically significant. Apoptotic Index (Al) values in Group 1
were higher than Group 2; however, there was no statistically significant difference between the median values (3.50
(Min:1.00-Max:16.00) vs. 2.50 (Min:1.00-Max:20.00), respectively p=0.974). The mean values for ALT, AST and
ALP were appeared to be higher in Group 1.

Conclusion: In conclusion, thiopental has a protective effect on liver tissue during the cold ischemia process via
reducing the mean values of histopathological, apoptotic and biochemical assessment results, but these findings weren’t
statistically significant.

Keywords: Thiopental, Cold ischemia, Liver transplantation, TUNEL, Histopathology

Oz

Amag: Bu ¢alismanin amaci; tiyopentalin metabolizma hizin1 azaltict etkisinden faydalanarak, organ nakli 6ncesi
uygulanacak olan dozlar ile, nakledilecek organin bazal metabolizma hizini diisiirerek enerji ihtiyacini azaltmak ve bu
sayede soguk iskemi siirecinde meydana gelebilecek doku hasarini en aza indirerek organlarin viabilitesini artirmaktir.
Yontemler: Calismada kullanilan 20 adet Wistar Albino cinsi sigan iki gruba ayrilmistir. Grup 1 (Kontrol=Ketamin-
Ksilazin grubu) ve Grup 2 (Tiyopental grubu)’deki siganlara, kendi gruplari igin uygun olan ajanlarla anestezi
uygulandiktan sonra karin derisi traglanip orta hat insizyonu yapildi. Portal vene bir kaniil ile girilerek +4 °C’deki
organ saklama sivisi enjekte edildi. Boylece karaciger perfiizyonu saglandi. Ardindan hepatektomi yapilarak
karacigerler, igerisinde +4°C’de organ saklama sivisi bulunan Falkon tiiplere konuldu ve yine +4°C’de saklandi. 12
saat saklama siiresinin sonunda histopatolojik ve TUNEL degerlendirmeler igin doku &rnekleri alinirken, saklama
stvisindan da biyokimyasal analizler i¢in numune alindi.

Bulgular: Histopatolojik degerlendirme sonucunda, hidropik dejenerasyon ve sinusoidal dilatasyon ortalamalar1 grup
1’de Grup 2’ye kiyasla yiiksek bulundu ancak sonuglar istatistiksel olarak anlamli degildi. Apoptotik indeks (Al)
degerleri Grup 1°de Grup 2’ye kiyasla yiiksekti ancak ortanca degerlerinde istatistiksel olarak anlamli bir farklihk
bulunmadi(sirastyla 3.50 (Min:1.00-Max:16.00) vs. 2.50 (Min:1.00-Max:20.00) p=0.974). Biyokimyasal ALT, AST ve
ALP ortalama degerleri de Grup 1’°de yiiksek bulundu.

Sonug: Sonug olarak, tiyopentalin, soguk iskemi siirecinde karaciger dokusu iizerine koruyucu bir etkisi oldugu ve bu
etkiyi histopatolojik, apopitotik ve biyokimyasal degerlendirme sonuglarinin ortalama degerlerini azaltmak yoluyla
gergeklestirdigi goriilmiistiir, ancak bu bulgular istatistiksel olarak anlamli bulunamamustir.

Anahtar kelimeler: Tiyopental, Soguk iskemi, Karaciger nakli, TUNEL, Histopatoloji
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Introduction

Liver transplantation (LT) is a life-saving treatment
method for patients with end-stage liver failure [1]. The first
successful LT in humans was performed in 1963 by Dr. Starzl
[2]. Developments in surgical methods, in immunosuppressive
medications and liver donor protection methods have advanced
the topic of LT. Though there can be both deceased donors and
live donor liver providers, the number of organs remain
insufficient due to the increased number of patients with liver
failure. Additionally, it is wvery important to ensure
transplantation of the organ within the appropriate duration for
successful transplantations. This requires developing methods of
organ preservation and preserving the viability of the organ for
long durations [2].

Timely transplantation of organs is one of the most
important factors determining success after surgery. The duration
from the time the organ is obtained to transplantation into the
organ receiver is cold ischemia duration. During the cold
ischemia duration, organs are left at temperatures of +1 to +4°C
in standard preservation solutions [3]. During the process,
hypooxygenation and hypothermia of the tissues is observed. In
hypooxygenation situations, cells do not complete oxidative
energy production and attempt to produce energy by oxygen-free
pathways. In normal conditions the Na*/K* ATPase (adenosine
triphosphatase) pump using high amounts of adenosine
triphosphate (ATP) is disrupted as the amount of ATP reduces
and causes intracellular K* loss and Na* increases. This situation
causes the cells to swell [3,4]. Hypooxygenation affects the
intracellular distribution of Ca* ions. This causes disruption of
enzyme activities and of the integrity of the cell membrane [5].
Additionally, the glycolysis process begins and high rates of
lactate synthesis are observed accompanied by acidosis [3].
During ischemia, ATP transforms to adenosine diphosphate
(ADP) and adenosine monophosphate (AMP) transforms to
adenosine and progressively differentiates to reduce to adenine,
inosine and hypoxanthine. Hypoxanthine accumulation catalyzes
the xanthine transformation and activates xanthine oxidation.
This reaction is accompanied by the production of free oxygen
radicals causing injury within the cell [6].

Damage occurs to the organ for transplantation linked to
these effects explained by hypooxygenation. Hypothermia slows
metabolism and reduces the enzyme activities and requirements
of cells. In this way, cell death is slowed; however, again energy
requirements are higher than the amount of energy produced by
glycolysis and oxygen-free pathways [7].

There are a variety of solutions used for organ
preservation. The most common of these include University of
Wisconsin  (UW) solution, histidine-tryptophan-ketoglutarate
(HTK), Celsior (CS), Institut Georges Lopez (IGL-1) Collins,
Euro-collins, UW-PEG, Polysol, Kyoto, New Kyoto etc. [8,9].

These solutions were developed based on the principle
of organ preservation by balancing the basic metabolic
requirements in the process after the organ is removed. However,
in spite of this, they can only preserve the viability of the organ
taken from the donor for limited periods and the search for new
methods to slow organ preservation and metabolism and ensure
viability for long periods continues [10-19].
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Thiopental is a barbituric acid sodium salt and one of
the most commonly used intravenous anesthetics. Its effects are
due to suppression of the reticular activating system (RAS)
controlling consciousness and vital functions. The fat solubility
of thiopental is excessive. As a result, the duration of effect is not
related to metabolism and elimination but to redistribution. Rates
of 80% of thiopental bind to plasma proteins. Due to the
solubility in fat and 60% non-ionizing fraction, it reaches high
concentration in the brain within 30 seconds. The elimination
half-life is 3-12 hours. Thiopental transforms to water soluble
inactive metabolites in the liver and metabolites are eliminated
by the renal extraction [20,21].

At high anesthetic doses, thiopental reduces oxygen
consumption in the brain and significantly lowers the brain’s
metabolic rate. The reduction in brain metabolic rate causes a
reduction in the brain’s blood flow requirements and this event
ensures vasoconstriction of veins in the brain. The reduction in
brain blood flow lowers the blood volume and intracranial
pressure in the brain. This effect on brain metabolism protects
both the injured and perfused healthy regions of the brain. Due to
thiopental reducing brain blood flow, increasing perfusion
pressure and lowering metabolic rate, it is a very beneficial agent
for anesthesia of patients with increased intracranial pressure
[22]. Additionally, it is used with the aim of protecting the brain
during incomplete ischemia. Here, the effect is ensured by
reducing the metabolic rate and lowering energy requirements to
a minimum [22].

There is insufficient information in the literature about
whether a similar response to this metabolic effect of thiopental
in the brain develops in peripheral organs. If a similar effect to
the vasoconstriction accompanying slowed brain metabolism
occurs in the periphery, vasoconstriction will increase peripheral
vascular resistance and reduce blood flow [23]. Slowing
metabolism and reducing energy requirements in peripheral
organs may be beneficial to ensure long-term preservation during
transplantation.

The aim of this study is to use the reducing effect of
thiopental on metabolic rate to reduce basal metabolic rate and
thus energy requirements in organs for transplant with doses
administered before organ transplantation and in this way to
increase organ viability by reducing to a minimum tissue damage
occurring during the cold ischemia process.

Materials and methods

Materials and experimental design

The study was approved by the Institutional Animal Use
and Care Committee of University and performed in accordance
with Turkish Law 6343/2, Veterinary Medicine Deontology
Regulation 6.7.26, Guide for the Care and Use of Laboratory
Animals, and with the Helsinki Declaration of World Medical
Association recommendations on animal studies. Wistar albino
rats were obtained from Canakkale Onsekiz Mart University
(COMU) Experimental Research Application and Research
Center. Twenty female Wistar Albino rats were used in the
study, with a mean age of six months and mean weight of 240—
300 g. The rats were housed in stainless steel cages in an animal
room maintained at a standard humidity (45%-50%) and
temperature 22+2°C with 12 hour light periods (12 hours of

&
A4

V'S
v
Page/Sayfa|l44



Surg Med. 2019;3(2):143-148.

J

daylight/12 hours of dark). All animals were fed standard food
and water and twelve hours before the study procedure feeding
was stopped and the rats were only allowed to drink water. The
entire experiment was conducted under half-sterile conditions.

Experimental procedure

The study was started with 20 Wistar albino rats in 2
groups as below;

Group 1 (Control group, n=10): Anesthetized with
Ketamine (50 mg/kg, intraperitoneally) and Xylazine (15 mg/kg,
intraperitoneally)

Group 2 (Thiopental group, n=10): Anesthetized with
Thiopental Sodium (85 mg/kg intraperitoneally)

Liver perfusion was performed with a method
previously described in the literature [10]. Rats in Group 1 had a
midline incision made after shaving the abdominal region under
50 mg/kg ketamine hydrochloride (Ketalar®, Pfizer laclari Ltd,
Sti, Istanbul, Turkey) and 15 mg/kg Xylazine (Alfazyne 2%, Ege
Vet San. Tic, Izmir, Turkey) anesthesia. After observing the
liver, the portal vein was entered with a cannula and tied distal of
the portal pedicle. Organ storage solution (Bel-Gen Cold Storage
Solution, Institut Georges Lopez, Lissieu, France, LOT:
SL170190) at +4 °C was injected to the portal vein to perfuse the
liver. Perfusion continued until clear fluid came from the hepatic
vein. Then hepatectomy was performed. After hepatectomy rats
were sacrificed with high dose anesthetic. The livers obtained
from the hepatectomy procedure were placed in Falcon tubes
containing +4°C organ storage solution and stored at +4°C.
Tissue samples were taken for histopathologic investigation of
perfused liver at 12th hour. Again, for biochemical analysis of
storage solution, samples were taken at 12th hour.

Animals in Group 2 had the procedures explained above
performed with intraperitoneal 85 mg/kg thiopental sodium
(Pental 1 gr flacon, 1. E. Ulagay ilag Sanayi Tiirk A.S, istanbul,
Turkey) anesthesia. Similar to Group 1, tissue samples were
obtained from livers in cold ischemia at 12th hour for
histopathologic investigation. Storage solutions were also
sampled for biochemical analysis at 12th hour.

Histopathological examinations

To investigate histopathologic changes, liver tissue
samples were consecutively numbered and placed in 10% neutral
buffered formaline. Evaluation of the pathology specimens were
done by a histology specialist who was blind to the two study
groups.

After fixation, dehidratation and clearing processes,
liver tissues were embedded in paraffin. The paraffin blocks
were cut in 5 mm thickness on Rotatory Microtome (Leica
RM2125 RTS) and the sections were stained with hematoxylin
and eosin (H&E) method. The histopathologic sections were
examined under a light microscope (Zeiss AxioScope Al) for the
presence of hydropic degeneration, sinusoidal dilatation, and
focal necrosis and rated on a semi-quantitative scale of 0-3 as
follows;

0: no damage

1: mild damage

2: moderate damage

3: severe damage

Apoptosis  assessment  with  TUNEL  (Terminal
deoxynucleotidyl transferase dUTP nick end labeling) method
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Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) staining was used to detect apoptosis of the
liver tissue. Prepared tissue was fixed with 10% neutral
formaline, embedded in paraffin and 4 pm thick sections were
cut from each paraffin block. After dewaxing, hydration, and
serum blocking, ApopTag Peroxidase in situ Apoptosis
Detection Kit (S7100, Merck Millipore, Darmstadt, Germany)
was used according to the manufacturer's protocol. In order to
determine the apoptotic index (Al), 5 randomly selected regions
of the each section was chosen under x400 magnification. Cells,
which have nucleuses stained brown, were judged TUNEL-
positive apoptotic cells. The Al of hepatocytes was determined
as the percentage of TUNEL positive cells with respect to the
total number of cells counted using the formula:

Apoptotic index (Al) = (Number of positive cells/Total
number of cells counted) x100

Biochemical Evaluation

Samples of 2 ml were taken from the storage solution
that the liver tissue of each animal was stored in at 12th hour in
biochemistry tubes not containing anticoagulant. The samples
had aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) levels measured with the
enzymatic colorimetric method in the Clinical Biochemistry
laboratory using a biochemical autoanalyzer.

Statistical analysis

Data were analyzed with the SPSS program version
20.0. For presentation of descriptive data, mean, standard
deviation, median, minimum and maximum values were used.
The fit of variables to normal distribution according to numbers
in the animal groups was investigated with the Shapiro-Wilk test.
When sample size and normal distribution tests are investigated,
non-parametric tests were chosen for the analysis methods. The
chi-square test was used to compare hydropic degeneration,
sinusoidal dilatation and focal necrosis degree between the
groups. The Mann-Whitney U test was used to compare TUNEL
score and biochemical ALT, AST and ALP values between the
groups. Situations with p<0.05 were accepted as statistically
significant.

Results

Histopathologically, the hydropic  degeneration,
sinusoidal dilatation and focal necrosis parameters were assessed
in both groups. Accordingly, the mean for hydropic degeneration
(Table 1 and Graphic 1) and sinusoidal dilatation (Table 2 and
Graphic 2) was higher in Group 1 compared to Group 2, but the
results were not statistically significant (p=0.102 and p=0.351,
respectively). Histopathologic changes are seen in Figure 1.

When examined in terms of focal necrosis, 4 subjects in
group 1 had different levels of focal necrosis, while only 1
subject in Group 2 had grade 1 focal necrosis (Table 3). Focal
necrotic areas can be seen in Figure 2.

Al values in Group 1 were higher than Group 2;
however, there was no statistically significant difference between
the median values (3.50 (Min:1.00-Max:16.00) vs. 2.50
(Min:1.00-Max:20.00), respectively p=0.974) (Mann-Whitney U
Test) (Graphic 3). Apoptotic cells with TUNEL staining can be
seen in Figure 3.
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When the ALT, AST and ALP values studied in the
organ preservation solutions at 12th hour are compared, the mean
values for these parameters appear to be higher in Group 1.
However, there was no statistically significant difference
between the groups in terms of these parameters (ALT p=0.739,
AST p=1.000 and ALP p=0.165) (Table 4).
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Figure 1: (A) Hematoxylin and Eosin staining of the liver tissues of Group 1 obtained after 12 hours of
storage. Hydropic degenerations of hepatocytes (arrows) and sinusoidal dilatation areas (stars) are seen
intensely (x400 magnification). (B) Hematoxylin and Eosin staining of the liver tissues of Group 2 obtained
after 12 hours of storage. Hydropic degenerations of hepatocytes (arrows) and sinusoidal dilatation areas
(stars) are seen less than Group 1 (x400 magnification).

Figure 3: (A) TUNEL staining of the liver tissues of Group 1. Apoptotic hepatocytes’ nucleuses are seen in
brown-black color (arrow) (x400 magnification). (B) TUNEL staining of the liver tissues of Group 2. There
are fewer apoptotic cells than Group 1 (x400 magnification)

Table 1: Comparison of experimental groups in terms of hydropic degeneration
Group 1 (n=10) Group 2 (n=10)

Grade n (%) n (%) p value*
0 0(0.0) 3(30.0)

1 6 (60.0) 2(20.0)

2 1(10.0) 3(30.0) 0.102

3 3(30.0) 2(20.0)

Percentage: Columnar percentage, *:chi-square test

TOSAND
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Table 2: Comparison of experimental groups in terms of sinusoidal dilatation
Group 1 (n=10) Group 2 (n=10)

Grade n (%) n (%) p value*
0 1(10.0) 1(10.0)

1 2 (20.0) 0(0.0)

2 4 (40.0) 4 (40.0) 0.351

3 3(30.0) 5 (50.0)

Percentage: Columnar percentage, *:chi-square test
Table 3: Comparison of experimental groups in terms of focal necrosis
Group 1 (n=10) Group 2 (n=10)

Grade n (%) n (%) p value*
0 6 (60.0) 9 (90.0)

1 2(20.0) 1(10.0)

2 1 (10.0) 0(0.0) 0.402

3 1(10.0) 0(0.0)

Percentage: Columnar percentage, *:chi-square test

Table 4: Comparison of biochemical parameters of 12" hours of experimental and control
groups

Group 1 (n=10) Group 2 (n=10)

Variables Mean+ Median Mean+sd Median p value
sd (Min-max) (Min-max)

ALT 1064.75+ 1120.60 1014.22+374.56 870.95 0.739
475.97 (525.90-1562.90) (631.40-2218.00)

AST 973.33+ 946.70 951.49+355.46 899.15 1.000
278.71 (629.20-1829.30) (584.20-1386.30)

ALP 3.80+ 3.00 3.11+0.60 3.00 0.165
114 (3.00-6.00) (2.00-4.00)

sd: standard deviation, p: Mann-Whitney U Test

Discussion

The most important factor affecting success of organ
transplantation is protecting against ischemia-reperfusion (I/R)
injury and ensuring continued organ viability [8]. With the aim
of reducing organ metabolism, subjecting the organ to cold
ischemia is an important method to increase viability and post-
transplantation success. However, in spite of this, the researches
for additional methods to preserve viability continue [10-12].
The aim of this study is to use the reducing effect of thiopental
on metabolic rate to ensure preservations of the liver during the
cold ischemia process and to increase the post-transplantation
success rates. When examined from this aspect, there was no
study found in the literature related to the effect of thiopental on
the cold ischemia process in the liver.

In our study, histopathologic assessment, Al and
biochemical ALT, AST and ALP analyses were performed
during the cold ischemia process on liver tissue after thiopental
anesthesia. The results were higher in thiopental group compared
to control group. However, these results were not found to be
statistically significant.

Thiopental is a barbiturate group anesthetic which is
highly soluble in fat [24]. There are studies revealing the
antioxidant effect of thiopental by inhibiting lipid peroxidation
[24,25]. Thiopental is widely known to have protective effect
against cerebral ischemic injury and is routinely used for patients
with ischemic attack [26]. Apart from this effect in the brain, the
literature contains a variety of studies showing thiopental reduces
renal ischemia reperfusion injury [27,28]. These studies
biochemically measured malondialdehyde (MDA), superoxide
dismutase (SOD) and catalase (CAT) values in renal tissue and
additionally attempted to determine histopathological injury to
renal tissue. The results of both studies revealed that thiopental
had a protective effect in the kidney both in terms of biochemical
enzyme activity and histopathologically. In our study, a cold
ischemia model of liver tissue was studied, without reperfusion.
When assessed histopathologically, the group administered
thiopental had less histopathological injury compared to the
control group. Additionally, lower numbers of apoptotic cells
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were found in the thiopental group. However, our study did not
examine antioxidant enzyme levels, different to the literature
[28]. Apart from this, our study biochemically examined the
ALT, AST and ALP levels in organ preservation solution
samples taken at 12th hour. ALT levels have been used as a
marker of liver injury for a long time [29]. AST is known to be a
marker for hepatocyte integrity [30]. ALP is another marker used
to assess liver function. Increase in ALP levels, along with
increases in ALT and AST show hepatocellular injury, while
ALP increase alone may indicate cholestatic injury [31]. In our
study, samples taken from preservation solutions at 12th hour
had lower ALT, AST and ALP values compared to the control
group. However, these values did not reach statistical
significance. This result indicates that the protective effect of
thiopental which was previously demonstrated for the kidney
may also be shown for liver. In our study, we left the organs in
cold ischemia for 12 hours after perfusion. In situations with
lengthened durations, the fall in liver enzymes may have reached
statistical significance. The study duration being 12 hours is a
limitation of our research.

In this study, the anesthetic agent in the experimental
group was thiopental, while ketamine was used for the control
group. Ketamine is a commonly chosen anesthetic agent for
surgeries in rats. It is also routinely used in animal studies in our
center. Ketamine, a cyclohexylamine, is used as a general
anesthetic clinically and enters the dissociative anesthetic class
due to some characteristics [32]. Studies have revealed that
ketamine has a protective effect against ischemic injury in a
variety of tissues [33,34]. Similar to thiopental, the literature
shows a protective effect in incomplete cerebral ischemia [34]. In
our study, though ketamine has a protective effect against
ischemic injury in a variety of tissues, in the thiopental group the
histopathological injury levels in the liver were lower and the
biochemical ALT, AST and ALP values were lower. This
indicates that thiopental may be chosen as anesthetic agent
before cold ischemia in transplantation surgeries.

In the literature, two studies compared propofol and
thiopental administered to different groups in a testicular I/R
injury model and revealed the protective effect of propofol on
testis tissue was better compared to thiopental [35,36]. In these
studies, the testis was histopathologically assessed and
antioxidant enzyme levels were examined, the results showed
less injury in the propofol group. In our study, different to these
studies, liver tissue was examined and a cold ischemia model
was applied. Reperfusion was not performed so antioxidant
enzyme levels were not studied. However, the lack of a third
group in our study administered propofol anesthesia is a
limitation of our study.

In conclusion, our study is the first study to reveal
whether thiopental has a protective effect on liver tissue during
the cold ischemia process and attempted to show this effect
histopathologically and biochemically. The lower Al values in
the group administered thiopental, especially, are important in
terms of being able to show a cytoprotective effect on the liver
during the cold ischemia process. In fact, during the
transplantation process, the lower the number of apoptotic cells
in liver tissue during cold ischemia, the better the protection of
postoperative organ viability. Additionally, biochemically, the
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mean values of ALT, AST and ALP were low in the thiopental
group, which is important for liver preservation and protection of
hepatocytes. There is a need for advanced studies in order for our
results to reach statistical significance.
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