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Abstract

Hepatocellular carcinoma is a type of primary liver cancer and dietary exposure to aflatoxins is one of major causative factor for the development of HCC. Present
study was planned to assess the role of PDE5 inhibitor tadalafil on glutamic oxaloacetic transaminase during aflatoxin induced HCC. Rats of control group received normal
food and water ad libitum. Alcohol and HCC group received chronic dose of alcohol via drinking water for two weeks. After two weeks HCC group received single dose of
crude aflatoxin and allowed to develop HCC for six weeks. After six weeks, HCC rats were post-treated with tadalafil via drinking water for 10 days. Result revealed that
PDES inhibitor tadalafil treatment reduced glutamic oxaloacetic transaminase level in liver and serum towards normal in HCC rats suggesting its therapeutic potential.

Abbreviations

BSA: Bovine Serum Albumin; GOT: Glutamic Oxaloacetic
Transaminase; HCC: Hepatocellular Carcinoma; NAD:
Nicotinamide Adenine Dinucleotide; NADH: Nicotinamide
Adenine Dinucleotide Reduced; PDA: Pancreatic Ductal
Adenocarcinoma; PDE5: Phosphodiesterase 5; ROS: Reactive
Oxygen Species

Introduction

Hepatocellular carcinoma, a type of primary liver cancer is
the fifth most common type of cancer worldwide. Risk factors
for developing HCC includes hepatitis B & C virus, alcoholism
and consumption of aflatoxin contaminated food [1]. Aflatoxins
are fungal secondary metabolites produced by Aspergillus flavus
and Aspergillus parasiticus. Aflatoxin B1 (AFB1) is a non-viral
risk factor for HCC in humans. About 5-28% of global HCC
cases are attributed by aflatoxin exposure. In a study it was

found that AFB1 exposure is associated with increased risk for
HCC in habitual alcohol consumption in Hepatitis C Virus (HCV)
infected persons. Thus we could say AFB1 exposure contributes
to the development of HCC in participants with high risk factors
for cirrhosis including alcohol and HCV infection [2]. Glutamic
Oxaloacetic Transaminase (GOT) (E.C.2.6.1.1) is also known
as Aspartate Amino Transferase (AAT) which catalyzes the
bidirectional conversion of L-aspartate and o-ketoglutarate
to oxaloacetate and L-glutamate. GOT is widely distributed in
heart and liver tissue and is used for assessing myocardial and
hepatic damage [3]. There are different isoforms of GOT such
as GOT1 which regulates cellular metabolism via utilization of
carbohydrates and amino acids to meet the nutrient demands.
It was observed that in Pancreatic Ductal Cell Carcinoma
(PDAC) cells, glutamine-derived aspartate is converted to
OAA (oxaloacetate) by GOT1 and it was involved into the
maintenance of redox homeostasis through conversion of OAA

to pyruvate.
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Liver is the primary metabolic center regulating glucose,
lipid and amino acid metabolism. Many hepatic pathologies
including HCC are associated with altered metabolism and
increased anaplerosis [4]. Altered energy metabolism is a
hallmark of cancer cells. Glutamate-oxaloacetate transaminase
plays essential role in amino acid metabolism, malate-
aspartate shuttle and tricarboxylic acid cycle. These pathways
are associated with energy homeostasis during catabolism
and anabolism. Recent studies suggest that GOT1 associated
pathways are involved in cancer cell metabolism, which
supports their redox balance and proliferation. Oxaloacetate
has been reported as blood-based glutamate scavenger as it
increases deamination of glutamate to 2-ketoglutarate via
GOT. Recently GOT1 has been represented as therapeutic target
in cancer.

Sorafenib (Nexavar) a multikinase inhibitor is currently the
only systemic treatment approved in the treatment of terminal
HCC. In preclinical models sorafenib exhibited antiangiogenic
effects on cell growth and induction of apoptosis via
downregulation of MCl-1 (antiapoptotic protein). In mouse
xenograft models of HCC, sorafenib was found to regress
angiogenesis via dose dependent manner by blocking Raf/
MEK/ERK pathway and extracellular receptor tyrosine kinases
[5]. New drugs like tyrosine kinse inhibitors lenvatinib and
cabozantinib in the firstline, PDL1 inhibitors (programmed
cell death ligand 1 inhibitors) — nivoluman, pembrolizumab,
regorafenib and monoclonal antibody ramucirumab in the
second line has been demonstrated to improve the clinical
outcomes in HCC patients, however, median survival remains
approximately 1 year thus major therapeutic breakthrough are
still needed [6].

Tadalafil is a phosphodiesterase 5-inhibitor (PDE5i) that
has been developed for the management of pulmonary arterial
hypertension and erectile dysfunction. Moreover, it has been
used for cardiovascular diseases and cancer [7]. Many studies
have demonstrated PDE5 inhibitors as protective against
ischemisa/reperfusion (I/R) injury, diabetic cardiomyopathy
and doxorubicin cardiotoxicity. Mechanistically, PDE5
inhibitors work through increased expression of nitric oxide
synthases, protein kinase G activation and phosphorylation of
glycogen synthase kinase-3p. The present study for the first
time reports the therapeutic efficacy of tadalafil in alcohol-
aflatoxin induced HCC.

Materials and methods

Sodium acetate buffer, L-aspartic acid, a-ketoglutarate,
pyridoxal-5-phosphate and fast blue B salt were purchased
from HiMedia Laboratories, Pvt. Ltd, Mumbai, India and were
of high analytical grade. Tadalafil was obtained from Macleods
Pharmaceuticals Pvt Ltd.

Experimental design

Male albino rats weighing 150+25 gm were used in this
experiment. Rats were maintained at the animal facility at
standard laboratory conditions. This work was approved by
SIPS animal ethical committee (SIPS/EC/2015/65). Rats were
randomly divided into four groups-
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Group 1: Normal control (N) group received standard diet
and water ad libitum.

Group 2: Alcohol Control (AC) group received 5% alcohol
via drinking water for two weeks.

Group 3: Hepatocellular Carcinoma (HCC) group received
5% alcohol and single intraperitoneal dose of aflatoxin
and left to allow development of HCC for six weeks.

Group 4: HCC rats treated with tadalafil (HCC +T); after six
weeks of HCC development, HCC rats were post-treated
with 10 mg/kg bw dose of tadalafil via drinking water
for 10 days.

Preparation of liver homogenate

After completion of treatment 3 rats from each group were
sacrificed by cervical dislocation and liver was dissected out.
Tissues were immediately washed with ice-cold normal saline
stored at -80°C until required for biochemical study. 10% liver
homogenate was prepared by homogenization in ice chilled
20 mM Tris buffer (pH 7.4) and supernatant was obtained
after centrifugation at 16,000 x g for 3ominutes. Protein
concentration was determined using BSA as standard [8].

Glutamic oxaloacetic transaminase activity by non-de-
naturing PAGE followed by substrate staining

For GOT assay, supernatant containing 80 pg protein
was loaded in each lane of 10% non denaturing PAGE. After
completion of electrophoresis, gels were subjected to substrate
specific staining solution as described earlier [9]. Briefly, 100
ml staining reaction mixture consisted of 0.2 M sodium acetate
buffer pH (5.0), 500mg L-aspartic acid, 70mg o-ketoglutaric
acid, 1omg pyridoxal-5-phosphate, 300mg fast blue B salt.
Gel was incubated in staining solution in the dark at 37°C until
dark brown bands appeared. Gels were scanned and bands were
quantified by gel densitometry software.

Analysis of serum glutamate-oxaloacetate-transami-
nase

Using commercially available kit by ERBA Diagnostics
Mannheim, Germany, the activity of GOT was determined
as recommended by International Federation of Clinical
Chemistry (1976). Decrease in absorption at 340 nm was
observed as NADH is converted into NAD. The rate of decrease in
absorbance is measured which is proportional to GOT activity.
Suitably diluted volume of serum was added to GOT reagent
and the contents of the cuvette were mixed and incubated at
37°C for 5 min. Decrease in OD was recorded at 1 min interval
for 5 min against blank at 340 nm using UV spectrophotometer.
Activity was expressed in terms of absorbance change /min
into international unit (IU).

Statistical Analysis

Experimental data was expressed as meanzstandard
deviation. Student’s t-test was applied for determining the
level of significance between the control and experimental
groups. p<0.05 was considered significant.
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Result

Tadalafil declined the elevated level of GOT in liver of
hepatocellular carcinoma rats

Transaminases are enzymes that are involved in the
catabolism of amino acids and are involved in the catalytic
process of interconversion of a pair of amino acids and a pair
of o-keto acids. Glutamic oxaloacetic transaminase (GOT)
is known to act as a link between carbohydrate and protein
metabolism. During the development and progression of
hepatocellular carcinoma, level of GOT increased significantly
in HCC as compared to normal control rats (p<0.01). Treatment
of HCC rats with PDE5 inhibitor tadalafil led to significant
decline in the level of GOT (p<0.05) in liver of HCC rats in
(Figure 1).

Enzymatic assay of GOT shows elevated level of GOT in
serum of alcohol (p<0.01) and HCC rats (p<0.001), thereby
confirming damage to hepatocytes and impaired function of
liver. Treatment of HCC rats with tadalafil restored the GOT
level towards the normal level in serum, suuggesting that it
imparts hepatoprotection (Figure 2).

Discussion

Aminotransferases catalyzes nitrogen redistribution
between amino acids and their corresponding oxoacids which
participate in proetin metabolism and gluconeogenesis. Two
distinct forms of aminotransferases are known out of which
one is soluble and other is mitochondrial isoform. Selective
measurement of these isoforms has been reported to have
clinical significance as their distribution in tissues and relative
concentration depends upon pathological condition. GOT has
been used as biomarker for liver toxicity since long time.
During amino acid degradation and their biosynthesis first
step is transamination reaction. An amino group is transferred
from a donor amino acid to acceptor a-keto acid. Reversible
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Figure 1: Glutamic oxaloacetic transaminase (GOT) level in the liver of normal
(N), alcohol control (AC), hepatocellular carcinoma (HCC), HCC rats treated with

tadalafil (HCC +T). Values represent mean + SD where n=3. ##p< 0.01 (N vs. AC or
HCC). *p<0.05 (HCC vs. HCC+T).
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Figure 2: Serum glutamate oxaloacetate transferase (SGOT) level in normal (N),
alcohol control (AC), hepatocellular carcinoma (HCC), HCC rats treated with tadalafi

| (HCC +T). Values represent mean + SD where n=3. ## p<0.01, ### p<0.001 (N vs.
AC or HCC); ***p<0.001 (HCC vs. HCC+T).

transamination reaction occur in hepatic cells and when liver
encounters any pathological condition these reactions clinically
signify damage to hepatocytes. Transamination reactions are
catalyzed by pyridoxal phosphate-dependent enzymes known
as amino transferases. The o-amino nitrogen from amino acid
catabolism is channeled through glutamate thus making it key
source of nitrogen for biosynthesis and excretion. Similar but
less prevalently oxidative deamination occurs via conversion of
amino acid to its corresponding o.-keto acid.

Studies suggests that GOT1 plays key role in pancreatic
ductal adenocarcinoma (PDA) suggesting it as a good drug
target in cancer [10]. It has been demonstrated that inhibition
of GOT1 sensitizes cancer cells to glucose deficiency, which may
be counteracted by oxaloacetate and phosphoenol pyruvayte
and metabolic intermediates downstream to GOT1 [11]. In
pancreatic ductal adenocarcinoma of humans, oncogene KRAS
improves glutamaine dependency by using glutamine-derived
aspartate to produce oxaloacetate via GOT1 in cytoplasm.
Oxaloacetate in turn is converted to malate and then pyruvate
to maintain high NADPH/NADP* ratio for redox homeostasis.
Hence disrupting these reactions led to disruption of glutamine
metabolism [12]. Previous reports have also suggested that GOT1
null 143B osteosarcoma cells showed accumulation of NADH
and decreased NADH/NAD* ratio when exposed to nutrient
depletion [11]. These findings suggest that aminotransferases
play important role in energy homoeostasis.

Cancer cells show increased glutamine flux, accumulated
glutamine by glutaminolysis which is necessory to meet
the energy demands of cancer cells. Myc-transformed cells
were found to depend upon o-keto glutarate synthesis and
glutamate dehydrogenase. Further aspartate and alaniane
transaminase reversibly convert glutamate to o-ketoglutarate
and oxaloacetate to asparate or pyruvate to alanine respectively.
These reactions occur despite the presence of glutamate
dehydrogenase in the mitochondria of cancer cells which
catalyzes conversion of glutamate to o.-Kketo glutarate. In breast
cancer having mutated Myc, undergo apoptosis when aspartate
transaminase is inhibited. Cancer cells involve transaminase
reactions to produce a-keto glutarate [13].
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Similarly, disruption of redox homeostasis was observed
when aspartate transaminase is knocked down in pancreatic
cancer resulting in growth inhibition both in vitro and in vivo.
In various studies inhibition of transaminases showed absence
of toxicity in non-neoplastic cells suggesting important role
of aminotransferases as drug target in cancer. Inhibition of
aspartate aminotransferase interferes in redox homeostais has
been reported to increase reactive oxygen species (ROS) during
chemotherapy and radiation in cancer [9]. In agreement with
this, in the present study increased activity of GOT in HCC
group was observed and post treatment of HCC rats with PDE5
inhibitor tadalafil led to a significant decline in the level of
GOT in HCC rats (Figures 1,2). It is speculated that inhibition of
GOT may interfere in redox homeostasis to increase ROS level
in the treatment of HCC.

Conclusion

It is worthy to note that this is the first study highlighting
the role of tadalafil in balancing glutamic oxaloacetic
transaminase level which is elevated in aflatoxin induced HCC.
Since glutamic oxaloacetic transaminase is known to play a
key role in mobilizing L-amino acids for gluconeogenesis and
function as links between carbohydrate and protein metabolism
under altered metabolism of cancer cells, its inhibition by PDE5
inhibitor tadalafil may serve as drug target to treat cancer.
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