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Introduction: Hepatocellular carcinoma (HCC) is one of the known major health problems across
the globe, and is sixth ranked among all cancer, due to its high mortality rate. Polyunsaturated fatty
acids (PUFAs) play an important role in the formation of a cell membrane, along with the fluidity of
the membrane and proteins. Gamma linolenic acid (GLA) is member of the -6 family of PUFAs
and converts into the arachidonic acid via a series of elongation and desaturation reactions. The
aim of the current investigation was to scrutinize the effect of GLA on mitochondrial mediated
apoptosis and anti-inflammatory pathway against diethylnitrosamine (DEN) induced HCC.
Materials and methods: Chemical carcinogenesis in Wistar rats was introduced by an intra-
peritoneal dose of DEN (200 mg/kg). The rats received the various doses of GLA for 22 weeks.
The progressions of serum biomarkers and histopathology components of hepatic tissue were
used to access the prophylactic effects. The antioxidant parameters, cancer preventive agent
status, and apoptosis mechanism were reviewed to scrutinize the possible mechanism.
Results: Dose-dependent treatment of GLA significantly (P<<—0.001) modulated the hepatic nod-
ules, hepatic, body weight, antioxidant, and non-hepatic parameters. Curiously, the Real-time poly-
merase chain reaction (RT-PCR) and immunoblotting showed the GLA altered reduced the hypoxic
microenvironment, mitochondrial mediated death apoptosis, and anti-inflammsatory pathways.
Conclusion: On the basis of the above results, we can conclude that the GLA exhibited a chemo-
protective effect against DEN induced HCC that might be due to the altered hypoxic microenviron-
ment, mitochondrial mediated death apoptosis, and anti-inflammatory pathway, respectively.
Keywords: gamma linolenic acid, apoptosis, hepatocellular carcinoma, diethynitrosamine,

gene expression

Introduction

Deaths due to hepatic cancer are daily on the rise, with multiple reasons of mortality.'
Hepatocellular carcinoma (HCC) is the most prominent recognized danger to the hepatic
tissue, and it is considered as the third most common reason for HCC death around the
World.?? Cirrhotic liver leads to HCCs, followed by a long duration of liver damage
brought on by alcohol, non-alcoholic steatohepatitis, environmental toxicants, and
viral hepatitis.>* The available treatment for hepatic cancer can be counted in terms
of chemotherapy, radiotherapy, removal of tissue part, and surgical medication, but
the success of the treatment depends on the proper diagnosis and the stage of disease,
due to more side-effects and the unfortunate outlook of HCC.*¢ If the above discussed
treatments fail, the last option for the medicinal practitioner is liver transplantation,
but the success rate of liver transplantation is limited and depends on the stage of the
HCC.”® By this process, the unnatural openness of organs prohibits this selection for
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various people with HCC and increases the risk of tumor reap-
pearance after liver transplantation, obscuring the efficacy
of this treatment approach.”'° Thus, it has become the need
of the hour for researcher to focus on novel drug discovery
with potential therapeutic targets that can be less toxic and
can delay or reduce hepatic cancer incidence.

The environmental cancer agent diethyl nitrosamine
(DEN), a nitroso compound generally present in nature and
various food items such as mixed drinks, cheddar, tobacco,
restorative and handled meats, is one of the best sources of a
chemical carcinogen, particularly for the liver. It is sometimes
found in home detergents and baby feeding nipples.!''? DEN
was found to be the one of the toxicanst to induce hepatic
cancer (HCC). It is commonly used in various rodents to
induce HCC.'*°

Polyunsaturated fatty acids (PUFAs) play an important
role in the formation of the cell membrane and also play a
significant role in the functioning of membrane fluidity and
proteins. They exhibit various cellular, sub-cellular functions,
processes, and gene expression.'!” GLA is a member of the
-6 family of PUFAs and is transfigured into arachidonic
acid (AA) via a series of elongation and desaturation reac-
tions. AA is further metabolized via cyclooxygenase (COX)
enzymes into the prostaglandins or via 5-lipoxygenase into
5-hydroxy-eicosatetranoic acid and leukotrienes, which
shows cellular inflammation. Due to the above facts, GLA
is metabolized into the AA, and AA is further metabolized
and acts as a pro-inflammatory agent. Due to this mechanism,
GLA also acts as a pro-inflammatory in nature.'®%!

GLA is mostly present in plants such as soy bean, grapes,
sunflowers, and fish, and it should be present in the daily
diet for a healthy lifestyle. Several researchers suggest that
regular intake of GLA reduces the inflammatory reaction
and inhibits the cancer and its associated conditions.'82!22
Previous published literature in vitro and in vivo studies
suggested the anticancer effect of GLA. GLA reduced tumor
growth in a WBC256 rat model; it also inhibited the cell
growth of various rat carcinogenesis cell lines and human
neuroblastoma cell lines."?° GLA treatment down-regulated
mammary gland carcinogenesis and tumor growth. It is also
reduced the growth of various cultured human cell lines
such as adenocarcinomic human alveolar basal epithelial
cells (A549), human breast cancer cell lines (ZR-75-1), and
human prostate cancer cell lines (PC-3). Various researchers
suggest that GLA has the potential to have anticancer effects
and, in our opinion, few researchers have scrutinized the
anticancer effect of GLA against chemically induced HCC.

In the current experimental study, we attempted to explore
the anticancer effect of GLA against the DEN-induced HCC
and tried to explore the possible mechanism of action.

Materials and methods

Drugs and reagents

GLA, diethylnitrosamine (DEN), Eagle balanced salt solution
(EBSS), ponceau S, and RNase were procured from Sigma
Aldrich (St Louis, MO, USA). Collagenase type 4, RNase,
sodium cacodylate, hematoxylin, and eosin were purchased
from Himedia. Bax and Bcl-2 were purchased from Biosyn-
thesis Biotechnology (Beijing, China). The kits for aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
alpha-fetoprotein (AFP), and alkaline phosphatase (ALP)
were purchased from Beihuakangtai Biotechnology (Beijing,
China). All other chemical and reagents used in the experi-
mental study were acquired from the reputed vendor.

Experimental protocol
Swiss Wistar (both sexes; 120-150 gm, body weight) rats
were used in the experimental investigation. All the animals
were received from the institutional animal house and stored
in a single cage (polyethylene) kept at standard experimental
conditions (20°C£5°C, 12 hours light:dark cycle). The animals
received standard food diet (China Animal Food, Beijing,
China) and water ad libitum. The experimental study was con-
ducted in accordance with the protocol of control and supervi-
sion of experiments on animals (CPCSEA), Government of
India, and the study had prior approval from the Institutional
animal ethics committee (IAEC) of Chandrasheker College
of Pharmacy, India (CSP/18/02/018). They were acclimatized
for 2 weeks before starting the experimental study. The
animals were divided into the following groups, and each
group contained 12 animals: Gp I, normal control received
only carboxymethyl cellulose (CMC); Gp II, DEN control
received a single oral dose of saline; Gp I1I-V, DEN control
received GLA (0.125,0.25, and 0.5 mL/kg, body weight) for
the entire study period. All disease control group rats initilly
received a single intraperitoneal dose of DEN (200 mg/kg)
and every week thereafter received the pheobarbitol dose for
induction of HCC.?%* After 1 week of DEN administration,
the alpha feto protein (ALP) level was estimated. During the
HCC, the level of AFP was boosted more than 10-times as
compared to normal.

The food, water, and body weight of all group animals
were estimated at regular intervals. After completing the
experimental investigation (180 days), the animals were
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sacrificed via dislocation of cervical and hepatic tissues
were successfully removed for the further biochemical and
histopathological investigation. The blood samples were
collected via puncturing the retro orbital plexus.

Morphology and morphometry of

hepatocyte nodules

Hepatic cancer was confirmed by morphological examina-
tion by the presence of hepatic nodules. Briefly, the rats were
anesthetized by intramuscular injection of ketamine and
xylzaine. Hepatic tissue were perfused through the portal
vein using the heparinized saline solution, and the hepatic
tissue was quickly removed from the group of rats, washed
with PBS to remove the blood component from the tissue,
and the tissue was blotted using a paper towel, the tissues
were then weighed. All the animal tissues were macroscopi-
cally scrutinized by checking the color, which showed the
development of nodules. The hepatic nodules easily identi-
fied, via color (white and gray), differences in size, and those
covered with the non-nodular hepatic tissue (reddish brown
in color). Further, tissues were evaluated via using the fol-
lowing scale (depending on the size of the hepatic nodules)
viz., =1, 1-3 and =3.2%¢

Biochemical parameter estimation

The hepatic parameters, such as serum AFP, ALT, ALP, and
AST, non-hepatic parameter viz., total protein, albumin, total
bilirubin, direct bilirubin, and blood urea nitrogen (BUN)
were estimated from standard kits using the manufacturer
instructions.

Antioxidant parameters

The antioxidant parameters viz., superoxide dismutase
(SOD), catalase (CAT), lipid peroxidation (LPO), glutathione
(GSH) and glutathione peroxidise (GPx) were determined
using the reported method of Kumar et al, with minor
modification.”

Estimation of caspase level

Ninety-six well plates were used for the estimation of
the level of caspase-3 and 8 in the different group of rats.
Briefly, the serum samples of all group rats were taken into
the cuvette followed by adding dithiotheritol (DTT), with
a reaction mixture in equal quantity with final addition of
DEVD-AFC (caspase 3), IETD-AFC (caspase 8), and it was
incubated for 1 hour at room temperature. The free AFC level
was estimated by fluorescence technique.

Western blotting

Briefly, radioimmunoprecipitation assay (RIPA) lysis buffer
was used for homogenization of hepatic tissues as per
Bradford et al.®” Then, Bardford reagent was used for extract-
ing the protein sample via the precipitation method. The blot
was incubated overnight with primary antibodies against
Bax, Bcl-2, Bcel-x1, BAD, NFkB65, PHD2, UCHL-1,
HIF-1¢, VDAC, FASN, TNF-¢, SREBP-1¢, o-7nAChR,
and HMGB-1 in 4°C and standard (3-actin).

qRT-PCR

For the estimation the qRT-PCR, the primer was designed
from the primer tool. Briefly, Trizol reagents were used for
the isolation the RNA from the hepatic tissue and the con-
centration was quantified by the previously reported method
with minor modification. Hepatic tissue RNA (1 ug) was
used in cDNA synthesis in a thermal cycler (96 well) and
incubated for 15 minutes at 25°C, 100 minutes at 85°C, and
1,140 minutes at 37°C. cDNA (125 ng) was added in the
reaction of qRT-PCR along with S-actin (standard reference).
After that the program was again incubated for 2 seconds at
50°C and 10 seconds at 95°C and finally 20 seconds at 58°C,
and the expression was calculated via the 24T method with
minor modification.

Statistical analysis

The result obtained in the current experimental studies was
expressed as meantSEM (n=12). One-way ANOV A was used
to obtain the statistics, followed by least significant difference.
P<0.05, P<<0.01, and P<<0.001 were considered as signifi-
cant, more significant, and most significant, respectively.

Results
Effect of GLA on morphology and

morphometry of hepatocyte nodules

The GLA treatment inhibits the morphology and morphom-
etry of hepatocyte nodules of DEN-induced HCC rats (data
not included in the manuscript). Normal control and GLA
(0.5 mL/kg) did not exhibit the formation of any type of
hepatic nodule formation. DEN-induced group rats showed
the expansion of hepatic nodules which are white and grayish
white in color. Table 1 exhibits the total number of hepatic
nodules (252) in the DEN group, and GLA treatment signifi-
cantly reduced the incidence of hepatic nodules (189, 102,
and 35) at doses of 0.125, 0.25, and 0.5 mL/kg, respectively.
The DEN group showed the hepatic nodules 115, 72, and
65 at a size of =1 mm, 1-3 mm, and =3 mm, respectively.
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Table | Effect of GLA on the development of macroscopic hepatocytes nodules induced by DEN in rats

S. No. Groups Number of rats/number Total number Tumor
of rats with nodules of nodules incidence (%)
| DEN control 10/10 252 100
2 DEN control+GLA (0.125 mL/kg) 11710 189 90.90
3 DEN control+GLA (0.25 mL/kg) 10/6 102 60
4 DEN control+GLA (0.5 mg/kg) 912 35 2222

Note: Group | (normal control) and Group Il (normal control+GLA 0.5 mg/kg) did not show any visible hepatocytes nodule.

Abbreviations: GLA, gamma linolenic acid; DEN, diethylnitrosamine.

The GLA treatment group inhibited the incidence of hepatic
nodules 83 (=1 mm), 70 (1-3 mm), and 36 (=3 mm) at a dose
of 0.125 mL; 46 (=1 mm), 35 (1-3 mm), and 21 (=3 mm)
at a dose of 0.25 mL/kg; and 23 (=1 mm), 8 (1-3 mm), and
4 (=3 mm) at a dose of 0.5 mL/kg, respectively (Table 2).

Effect of GLA on the body weight

Body weight is a significant parameter for the estima-
tion of disease effect. The same data was observed in our
experimental study. DEN group rats showed increased body
weight (279.8315.34) as compared to initial body weight
(138.74144.81), but in comparison to the other group the body
weight of DEN group rats was decreased. GLA treatment
showed increased body weight (139+3.82) to (303.74+6.78)
at a dose of 0.125 mL/kg; (13144.04) to (322.38+5.93) ata
dose of 0.25 mL/kg, and (132.74+4.23) to (375£8.93) at a
dose of 0.5 mL/kg (Figure 1A).

The liver weight and relative liver weight of normal con-
trol and GLA (0.5 mL/kg) showed an almost similar trend.
DEN group rats showed increased liver tissue weight due to
expansion of hepatic nodules, and the increase in weight of
hepatic tissue in this group showed an increase in relative
liver weight. Concentration-dependent treatment of GLA
exhibited reduced liver tissue weight and relative tissue
weight as companion to DEN group rats (Figure 1B).

Effect of GLA on hepatic parameters

Several researchers suggest that the AFP is the gold parameter
and consider it as the indicator for the hepatic cancer. During
the HCC condition, hepatic parameters boosted a significant

level into the serum due to leakage into blood. DEN rats
exhibited the upregulation of AFP (305.84+0.394), AST
(211.743.82), ALT (135.84%4.95), and ALP (195.4%3.74).
Concentration-dependent treatment of GLA significantly
reduced the level of hepatic parameters near tot the normal
control (Figure 2).

Effect of GLA on non-hepatic parameters
A similar trend (hepatic parameters) was found in the non-
hepatic parameters. DEN-induced group rats demonstrated
the level of non-hepatic parameters like albumin (0.85+0.03),
total protein (2.410.12), BUN (40£3.91), total bilirubin
(77.5+4.83), and direct bilirubin (21.02£1.92). GLA treat-
ment altered the level of non-hepatic parameters like albumin
(3.9210.23), total protein (7.5£0.92), BUN (13.2542.83),
total bilirubin (14.5+3.55), and direct bilirubin (7.74£1.83)
(Figure 3).

Effect of GLA on antioxidant parameters
Figure 4 demonstrates the antioxidant effect of GLA on all
groups of rats. A concentration-dependent treatment of GLA
restored the antioxidant level near to the normal control
level. GLA successfully down-regulated the level of LPO
(8.1£1.45) and upregulated the level of CAT (0.65+0.004),
SOD (1.36£0.08), GST (0.31£0.002), and GPx (5.8%0.18),
as compared to DEN-treated rats.

GLA effect on caspase
During the HCC disease, the level of caspase considerably
decreased due to an increase in the inflammatory reactions.

Table 2 Effect of GLA on the size distribution and growth of hepatocyte nodules induced by DEN in rats

S. No. | Groups Total number | Average number of nodules/ Relative size (% of number size)
of nodules nodules bearing rats =1 mm 1-3 mm =3 mm

| DEN control 252 40.23+4.37 115 (45.64) | 72 (28.57) | 65 (25.69)

2 DEN control+GLA (0.125 mL/kg) 189 28.34+3.05 83 (43.91) 70 (37.07) | 36 (19.15)

3 DEN control+GLA (0.25 mL/kg) 102 16.93+1.62 46 (45.09) 35(34.31) |21 (20.58)

4 DEN control+GLA (0.5 mg/kg) 35 6.04+2.93 23 (65.71) 8 (22.86) 4 (11.94)

Note: Group | (normal control) and Group Il (normal control+GLA 0.5 mg/kg) did not show any visible hepatocytes nodule.

Abbreviations: GLA, gamma linolenic acid; DEN, diethylnitrosamine.
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Figure | Effect of GLA on body weight and tissue weight.

Notes: (A) The initial body weight and final body weight of all group rats, and (B) the hepatic tissue and relative tissue weight method as described in the Materials and methods
section. All values are presented as mean+SEM. Statistical analysis by one-way ANOVA followed by Dunnett’s multiple comparison. *P<<0.05, **P<<0.01 and ***P<<0.001.
Abbreviations: ns, non-significant; DEN, diethylnitrosamine; GLA, gamma linolenic acid; NC, normal control.

GLA treatment significantly (P<<0.001) increased the level of
caspase-3 and -7 in a dose-dependent manner (Figure 5).

GLA boosted apoptosis in hepatic tissue

Figure 6 represents the quantitative real time PCR results
explaining the critical boosting level of mRNA expression
of antiapoptotic proteins and proapototic markers. DEN
treatment boosted the mitochondria mediated apoptosis
(cytochrome ¢, VADC, pro-caspase 9, and Apaf-1), along
with the upregulation of cytochorme c expression (Figure 6).
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0 DeEN
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Figure 2 The effect of GLA on hepatic parameters of all group rats, for AFP, AST,
ALT, and ALP, as described in the Materials and methods section.

Notes: All values are presented as meantSEM. Statistical analysis by one-way
ANOVA followed by Dunnett’s multiple comparison. *P<<0.05, **P<0.0l, and
*##¥p<0.001.

Abbreviations: AFP, Alpha feto protein; ALP, Alkaline phosphatase; ALT, Alanine
Aminotransferase; AST, Aspartate Aminotransferase; DEN, diethylnitrosamine;
GLA, gamma linolenic acid.

A similar trend was found in the Western blot (Figure 7).
GLA treatment significantly protects the cell from apoptosis.
DEN treatment also afforded commendable hypoxia, which
was perceived via boosting the HIF-1o, FASN, UCHL-1,
SREBP-1¢, and NFkBp65, along with reducing PHD2
expression (Figures 8 and 9).
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Figure 3 The effect GLA on non-hepatic parameters of all group rats, for Alb, TP,
TB, BUN, and DB, as described in the Materials and methods section.

Notes: All values are presented as meantSEM. Statistical analysis by one-way
ANOVA followed by Dunnett’s multiple comparison. *P<<0.05, **P<<0.01 and
##%P<0.001.

Abbreviations: Alb, Albumin; BUN, Blood urea nitrogen; DB, Direct bilirubin;
DEN, diethylnitrosamine; GLA, gamma linolenic acid; NC, normal control; TB, Total
bilirubin; TP, Total protein.
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20 4 B \C showed the generation of hepatic nodules and dose-dependent
[ NC+GLA (0.50 mL/kg) treatment of GLA significantly (P<<0.001) down-regulated
15 I DEN the formation of these hepatic nodules.?”’-?® The available

I DEN+GLA (0.125 mL/kg)
I DEN+GLA (0.25 mL/kg)
[ DEN+GLA (0.5 mL/kg)

SOD LPO CAT GPx

GST

Figure 4 The effect of GLA on antioxidant parameters of all group rats, for SOD,
LPO, CAT, GPx, and GST, as described in Materials and methods section.

Notes: All values are presented as mean+SEM. Statistical analysis by one-way ANOVA
followed by Dunnett’s multiple comparison. *P<<0.05, **P<<0.0| and ***P<<0.001.
Abbreviations: CAT, Catalase; DEN, diethylnitrosamine; GLA, gamma linolenic acid;
GPx, Glutathione peroxidase; GST, Glutathione S-transferase; LPO, Lipid peroxidation;
NC, normal control; SOD, Superoxide dismutase.

Discussion

HCC is the most common malignancy in among all types
of malignancies. The developed, as well as undeveloped
countries are affected by this disease. It is considered as the
most common hepatic cancer disease due to the late signs
of diagnosis. Various factors, such as high consumption
of ethanol, hepatitis (B and C), and aflatoxin, are various
pathogens involved in the progression of disease. Generally
HCC is induced via fungal poison, chemical poison, and
food contamination.??* DEN (nitroso compound) is most
commonly used to induce hepatic cancer, which induces
the HCC in rodents similarly to in humans. In the current
investigation, we used the DEN and phenobarbital to induce
HCC in Wistar rats and we observed that DEN group rats

literature suggests that the formation of pre-cancerous
hepatic nodules is the precursor of hepatic cancer. The dose-
dependent treatment of GLA significantly reduced the for-
mation of pre-cancerous hepatic nodules and suggests the
chemoprotective effect of GLA on HCC.

Body weight, tissue weight, and relative tissue weight
are significant parameters to estimate the expansion of the
cancer disease. Several researchers suggest that, during the
progression of disease, body weight reduced, and a similar
result was found in our experimental study.”” DEN group
rats showed that reduced body weight, as compared to the
other group rats, and dose-dependent treatment of GLA
significantly (P<<0.001) increased the body weight in a
dose-dependent manner. Other parameters, such as relative
liver weight, significantly increased in the DEN group rats
due to expansion of hepatic nodules, and GLA treatment sig-
nificantly (P<<0.001) decreased the relative hepatic weight.
On the basis of this result, we can say that GLA increases the
body weight and relative tissue weight. The current hypoth-
esis was supported by a reduction of the tumor formation in
GLA treatment group rats.

Biochemical markers plays an important role in screening
specific conditions of malignancy and help with treatment start,
hypothesis advancement observing, and finally evaluation of
reactions for treatment.’**! These catalysts are extraordinary,
and changes in their level/concentration directly showed the
effect on the cell multiplication with expansion of potential
and their metabolic turnover.*>* The alterations of the activity
of these enzymes have been showed to relate well with the
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Figure 5 The effect of GLA on caspase.

Notes: (A) caspase-3 and (B) caspase-8, as described in the Materials and methods section. All values are presented as meantSEM. Statistical analysis by one-way ANOVA

followed by Dunnett’s multiple comparison. *P<<0.05, **P<<0.01, and ***P<0.001.

Abbreviations: DEN, diethylnitrosamine; GLA, gamma linolenic acid; NC, normal control.
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values are presented as mean+SEM. Statistical analysis by one-way ANOVA followed by Dunnett’s multiple comparison. *P<<0.05, **P<<0.01, and ***P<0.001.
Abbreviations: DEN, diethylnitrosamine; GLA, gamma linolenic acid; NC, normal control; ns, non-significant.

quantities changed in the cells during the malignancy condi-
tion. During the malignancy condition, there is a disorder of
transport function, which is performed via cell organelles of
hepatocytes. During the cancer, the enzymes start to secrete
into the circulation and modulate the content in the serum
due to alteration of plasma membrane permeability.**** The
increase in enzymes into the circulation due to damage of
the cell structure and its integrity alters the enzymatic con-
centration. Serum enzymes like ALP and transaminases are
used as an indicator in liver damage. DEN group rats showed
an increased level of ALT, AST, and ALP and suggest the
dysfunction of hepatic tissue. Transaminases enzymes viz.,
AST and ALT are both directly co-related to conversion of
amino acid to keto acids and play a significant role in the
expansion of HCC.*® GLA treatment shows the inhibitory
effect of DEN-induced boosted enzymatic activity, which is
avowed via GLA and protects the liver from harm.

AFP is an oncofetal protein, considered as an indicator
for hepatic cancer. During the disease, the content of AFP
considerably boosts, and this is also used as a specific tool

for the estimation of HCC.?7*® AFP is clinically utilized for
diagnosis of tumor markers. The introduction of specific
cancer inducing agents, eg, DEN, has been found to increase
the concentration of AFP to a significant level.*#° The con-
centration of AFP was lower during the birth but, during
the HCC, the concentration of AFP considerably enhanced
in HCC patients. A similar momentum was observed in our
experimental study, DEN-induced group rats exhibited an
increased level of AFP, which was significantly (P<<0.001)
down-regulated by the GLA treatment dose-dependently.
Another way to treat the disease is to scavenge the
free radical. During the HCC, the free radical is induced
by DNA and expands the toxic reactions. DEN induces
the alteration of DNA structure, especially the expansion
of alkyl DNA, and causes chromosomal abnormalities,
additionally it induces the micronuclei in hepatic tissue.*
Most of the drug metabolizes into the liver, and DEN also
digests into the hepatic tissue; during the DEN digestion
it releases a lot of free radical or reactive oxygen species,
which are involved in the different stages of carcinogenesis
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via initiation, expansion, and progression.* It alters the
endogenous antioxidant redox system and induces a distur-
bance in the endogenous redox systems.* It also starts the
deposition of protein and lipid into the hepatic tissue and
decreases the membrane micro-viscosity of hepatic cells.
Various cellular components, such as DNA, lipids, carbo-
hydrates, low molecular weight compound, and thiol, attract
to the ROS and start the oxidation of macromolecules and
finally expand the pathogenesis of disease. MDA, an indica-
tor of LPO, is a prominent marker of oxidative stress and
increasing the concentration of MDA suggests an increase
in oxidative stress via DEN, which was activated.*® An
increase in MDA level starts damaging the cells, initiates
cell death, induces oxidative stress, generates ROS, and
alters cellular function finally a carcinogenesis. During the
induction of disease, LPO starts the production of peroxy
and alkoxy radicals, which results in dysfunction of the
antioxidant system. The role of the endogenous antioxidant
system is to scavenge the free radical and toxic effect of
free radicals.** SOD and CAT are both first line endog-
enous antioxidant enzymes, which play a significant role
in protecting the cell from the free radical via scavenging
the superoxide into hydrogen peroxide and detoxification
of the hydrogen peroxide.*” During the disease, the levels of
SOD and CAT both decline, and dose-dependent treatment
of GLA significantly (P<<0.001) increases the MDA level

as compared to DEN control and suggests the antioxidant
effect of GLA.

Angiogenesis and cell proliferation play significant roles
in cancer progression.**4° Both mechanisms have a substantial
role in the tissue architecture and the same is found in the mor-
phological evaluation.*® The apoptosis can be defined via two
pathways, such as mitochondrial intrinsic and death receptor
mediated apoptotic pathways. Bcl-2 family protein regulates
the mitochondrial pathway via involvement of pro- and anti-
apoptotic protein members. During the apoptosis process,
BAD and BAX (proapoptotic) protein translocate into the
mitochondria outer membrane and boost the secretion of cyto-
chrome ¢.°2 On the contrary, Bcl-2 and BCL-XL (antiapop-
totic) proteins down-regulate the secretion of cytochrome C.*
In the current experimental study, we observed that the GLA
treatment enhanced the expression of Bcl-2 and BCL-XL
(antiapoptotic) and decreased the expression of BAD and
BAX (proapoptotic). The same momentum was observed in
the mRNA expression estimated via q-RT-PCR. Cytochrome
¢ secretion triggers the congregation of cytochrome apopto-
some and apoptosome is consider as the complex form of
cytochrome-c, procaspase 9, and Apaf-1. The formation of
apoptosome reduces the cytosolic level of pro-caspase-9 and
Apaf-1. A similar result was observed in our experimental
study, and the expression of VDAC and cytochrome c is
reduced during progress of the disease. We found cleavage
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activity in tumor cells boost the synthesis of fatty acid, which
5336 Hypoxia

of procaspase 9 with the generation of apoptosome and lead

the caspase 9 formation, which further activated the caspase
3 and 8.3 The activation of caspase starts the activation of
a downstream caspase cascade leading to apoptosis. On the
basis of the result, we can say that GLA treatment reduced
the proliferative and angiogenic effect of DEN via activation
of a mitochondrial mediated apoptosis pathway.

It is well documented that tumor cells want energy from
the glycolysis due to the hypoxic condition of cells.> Previ-
ous published literature suggests that enhanced glycolytic

is required via de novo fatty acid synthesis.
regulates via HIF-1a and also regulates via PHD2 (iron
dependent hydroxylases enzyme) and 2-oxoglutarate.’’
The HIF-1¢ expression significantly reduces and confirms
down-regulation of UCHL-1 and NF-kBp65 expression.’®>
Concentration-dependent treatment of GLA inhibits the
expression of SREBP-1 and FASN (marker of de nova fatty
acid synthesis). We can say that GLA down-regulated the
DEN induced hypoxia and protected rodent HCC.
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Conclusion

Henceforth, On the basis of this result, we can conclude that
GLA exhibited a chemoprotective effect against the DEN
induced HCC via a regulated hypoxia induced cell signal-
ing pathway, anti-inflammatory pathway, and mitochondria
mediated death apoptosis.

Abbreviations

HCC, hepatocellular carcinoma; GLA, gamma linolenic
acid; DEN, diethylnitrosamine; RT-PCR, real-time poly-
merase chain reaction; PUFAs, polyunsaturated fatty
acids; AA, arachidonic acid; COX, cyclooxygenase;
EBSS, eagle balanced salt solution; AST, aspartate ami-
notransferase; ALT, alanine aminotransferase; AFP,
alpha-fetoprotein; ALP, alkaline phosphatise; CMC, car-
boxymethyl cellulose; SOD, superoxide dismutase; CAT,
catalase; LPO, lipid peroxidation; GSH, glutathione; GPx,
glutathione peroxidase; RIPA, radioimmunoprecipitation
assay; A549, adenocarcinomic human alveolar basal epi-
thelial cells; ZR-75-1, human breast cancer cell line; PC-3,
human prostate cancer.
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