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A B S T R A C T

Aims: The evidence suggests that the hyperglycemia and hyperinsulinemia of diabetes mellitus (DM) are risk
factors for the development of hepatocellular carcinoma (HCC). The aim of the present study was to examine the
effect of streptozotocin (STZ)-induced DM on promoting diethylnitrosamine (DEN) induced HCC in male wistar
rats. Further, we investigated the administration of (α)-and (β)-asarone and metformin HCl on experimentally
induced diabetic-hepatocellular carcinoma.
Materials and methods: Diabetes was induced by single dose of STZ (55mg/2ml/kg b.w. i.p.) and HCC by single
dose of DEN (200mg/ml/kg b.w. i.p.). Another group received the STZ followed by DEN two weeks later to
mimic diabetic-HCC. The combined dose of (α)-and (β)-asarone (50 μg/1.5ml/kg b.w. p.o. in the ratio of 1:1)
and metformin HCl (250mg/1.5 ml/kg b.w. p.o.) treatment was compared with the STZ+DEN group. The blood
and liver samples were collected at the end of 12 and 18-weeks to study biochemical and histopathological
changes in liver.
Key findings: The STZ induced diabetes promoted the tumor progression due to administration of DEN. The
treatment of asarones and metformin significantly reduced the levels of glucose, glycosylated hemoglobin, liver
dysfunction markers and tumor biomarkers along with an increase in level of insulin when compared to diabetic-
HCC group. Histopathological examination indicated that asarones and metformin attenuate the inflammation,
fibrosis, cirrhosis and development of spontaneous HCC.
Significance: The STZ can be used to promote the DEN induced HCC. Treatment with (α)-and (β)-asarone at-
tenuates the effect of STZ+DEN induced HCC akin to metformin.

1. Introduction

The improper utilization or secretion of insulin leads to defective
carbohydrate, protein and fat metabolism in diabetes mellitus (DM)
[1–3]. The long-standing DM leads to the development of classical ne-
phro, neuro and vascular complications. Beyond these, the epidemio-
logic evidence suggest that the DM is correlated with a higher incidence
of cancer of various organs, including pancreas, liver, breast, colorectal,
urinary tract, stomach and reproductive organs [4]. The increased
chance of incidence and development of malignant hepatocellular
carcinoma (HCC) in the patients of DM is suggested by various case-
control, cohort and retrospective observational studies. Further, it is
also suggested that the DM might play a role of an independent risk

factor for the progression of HCC [5–7].
Liver undergoes histopathological and biochemical changes during

streptozotocin (STZ) induced diabetes. The biochemical changes asso-
ciated with liver injury during diabetes are increased levels of liver
function markers (alanine transaminase, aspartate transaminase, and
alkaline phosphatase) as well as lipid risk ratios. Histologically, the STZ
leads to accumulation of fat or glycogen into the hepatocytes and causes
hypertrophy [8]. At subcellular level, a significant reduction in rough
endoplasmic reticulum with decreased densities of pyknotic nuclei,
damaged nuclear membrane and an increase in mitochondrial volume
fractions are observed [9,10]. These changes accompanied by other
pathological conditions impact the collagen spectrum of the liver and
lead to the development of fibrosis and cirrhosis [11–13].
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The complex pathophysiological association between HCC and DM
is manifold. The hyperglycemia, insulin resistance and hyper-
insulinemia act as risk factors either independently or synergistically
for the development of HCC in diabetes. Majority of reports elucidate
the link between high insulin level and HCC and few epidemiological
studies support hyperglycemia as a cause for the progression of HCC
[14,15]. Beside these, literature also suggests that the mechanistic link
may be due to elevated levels of insulin-like growth factor (IGF)-1,
obesity, chronic inflammation (cytokines) and other than metformin
anti-diabetic drugs such as insulin analogues, secretagogues (sulfony-
lureas) and incretins [16,17].

The results based on many cohort and experimental studies sug-
gested that the biguanide class of anti-diabetic drug, metformin HCl has
shown to decrease the chances of occurrence of cancer [4,16,18,19].
This could be due reduction in cell proliferation, partial cell cycle arrest
and apoptosis which are linked to the activation of 5′ adenosine
monophosphate-activated protein kinase (AMPK) signaling pathway
[20]. Separately, the two main bioactive phytochemicals of Acorus ca-
lamus, alpha (α)-and beta (β)-asarone as well as its extract are reported
to possess cytotoxic effects as well as hypoglycemic effects [21–23].

Our own previous study showed that (β)-asarone treatment protect
the rats from the diethylnitrosamine (DEN)-induced HCC [24]. How-
ever, the asarones effect as cytotoxic agents in diabetic condition re-
main unexplored. In this study, we investigated the role of hypergly-
cemia in aiding the progression of hepatocarcinogenesis and evaluated
the combined effects of alpha (α)-and beta (β)-asarone as well as
metformin HCl in controlling the progression of disease.

2. Materials and methods

2.1. Chemicals and drugs

Diethylnitrosamine (DEN) (Lot # BCBP8749V; Purity ≥99% w/w;
PubChem CID: 5921), alpha-asarone (Lot # S18779; Purity 98% w/w;
PubChem CID: 636822), beta-asarone (Lot # STBF-1179V; Purity 70%
w/w; PubChem CID: 5281758) and Direct red 80/Sirius red (dye con-
tent 25%; PubChem CID: 124203941) were purchased from Sigma-
Aldrich Chemical Company (USA). Streptozotocin (STZ) extra pure (Lot
No: 2582459; Purity 98% w/w; PubChem CID: 29327) was procured
from Sisco-Research Laboratories (SRL) Pvt. Ltd., Mumbai, India.
Metformin HCl (Lot No: METI-1710010; PubChem CID: 14219) was a
gift sample from Angels Pharma India Pvt. Ltd. Hyderabad, India. All
other chemicals used in this study were of analytical reagent grade
obtained from standard commercial suppliers.

2.2. Experimental animal selection and ethical consideration

The study was conducted on five-month-old male albino rats of
wistar strain weighing 150–200 g. All rats were housed in poly-
propylene cages, maintained at 27 ± 2 °C under 12 h dark and light
cycle with free access to standard rat feed (VRK Nutritional Solutions,
Pune, India) and water. The study was approved (Approval No. 07/
KLEU'SCOPH/16) by the Institutional Animal Ethics Committee (IAEC)
and was conducted in accordance with the Committee for the Purpose
of Control and Supervision of Experiments on Animals (CPCSEA).

2.3. Induction of diabetes and hepatocellular carcinoma (HCC)

Experimental diabetes was induced in 6 to 8 h fasted rats by single
injection of freshly prepared STZ (55mg/2ml/kg b.w. i.p. in 0.05M
citrate buffer, pH 4.5). The rats were provided with 10% w/v sucrose
water solution for first 24 h after the injection of STZ to avoid fatal
hypoglycemia [25]. The hepatocarcinogenesis in rats was induced by
the administration of single injection of carcinogenic chemical agent
DEN (200mg/ml/kg b.w. i.p. in 0.9% w/v NaCl) [26].

2.4. Experimental design

Study design I (Fig. 1): The role of the STZ-induced hyperglycemia
on the progression of DEN administered HCC was investigated for the
duration of 12-weeks. The rats were randomly divided into four groups
with eight in each (n=8) except in group IV, where n=7 due to the
death of one rat during the study period. Group I served as normal and
received 0.9% w/v NaCl (1ml/kg b.w. i.p.). Group II served as diabe-
togenic (STZ) and were administered with a single dose of streptozo-
tocin (Section 2.3). Group III served as hepatocellular carcinoma (DEN)
and were administered with a single dose of diethylnitrosamine
(Section 2.3). Group IV served as diabetic-hepatocellular carcinoma
(STZ+DEN) and received the injection of STZ followed by DEN two
weeks later after confirming the elevated glucose levels. The blood/
serum was collected after anesthetization and liver tissue was collected
after sacrificing the animals at the end of 12 weeks for the assessment of
different parameters.

Study design II (Fig. 2): The combined effect of (α)-and (β)-asarone
and metformin was investigated on diabetic-HCC animals for the
duration of 18-weeks. The rats were randomly divided into five groups
with eight in each (n= 8) except in group II and IV (n= 7) and in
group III (n= 6) due to the death of animals during the study period.
Group I and II were similar as in study design I. Group III served as
diabetic-hepatocellular carcinoma (STZ+DEN) and was similar to

Fig. 1. (Study Design I). The diabetes mellitus was confirmed at second week
after the administration of the STZ. The DEN was administered two weeks later
to the administration of STZ to induce the HCC in diabetic rats. The total
duration of the study was for the period of 12-weeks.

Fig. 2. (Study Design II). The administration of STZ and DEN were similar as in
study design I. The asarone and metformin were used as treatment to study
their effect on diabetic-HCC for the duration of 18-weeks.
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group IV of study design I. Group IV served as treatment group which
was administered with a combination dose of (α)-and (β)-asarone. The
asarones (50 μg/1.5 ml/kg b.w., p.o.) prepared in 0.5% w/v sodium
carboxymethyl cellulose were given in the ratio of 1:1 for five days per
week after two weeks of STZ+DEN injections [21,24]. Group V was
similar to group IV except that the freshly prepared metformin HCl
(250mg/1.5ml/kg b.w.) replaced the asarones [27]. The blood/serum
was collected after anesthetization and liver tissue was collected after
sacrificing the animals at the end of 18 weeks for the assessment of
different parameters.

2.5. Collection of blood, serum and tissue samples

Blood samples were collected by retro-orbital venous plexus

puncture method without anticoagulant under mild anesthesia. The
serum sample collected at the end of 2-weeks was to ascertain the hy-
perglycemia induced by STZ. The blood sample collected at the end of
study period was for the estimation of all biochemical parameters. One
part of the blood was collected in EDTA tubes for estimating the gly-
cosylated hemoglobin (HbA1c). Another part of the blood was allowed
to stand for 30min at room temperature, centrifuged at 2500 rpm for
10min to separate the serum for evaluation of various biochemical
parameters. Later, animals were euthanized, and liver tissues were
isolated, blotted off blood, washed with ice-cold physiological saline
(0.9% w/v NaCl), weighed and stored in 10% v/v neutral buffered
formalin for staining procedures.

2.6. General observation

The weekly body weight changes along with average food and water
consumption were noted for all the groups. The data was expressed as
relative food and water consumption for 100 g of b.w. of rat per week.
The liver weight was taken at the end of study for every animal from
each group and the relative liver weight (g %) was calculated by taking
the percentage of liver weight to body weight of each animal.

2.7. Morphometric analysis (nodule incidence, nodule multiplicity and size
of nodules)

The excised liver samples were observed for visible liver tumors and
were classified into<1, 1 to 3, and> 3mm sized tumors. The nodules
bearing liver (nodule incidence) and average number of nodules per
nodule-bearing liver (nodule multiplicity) in all the group were re-
corded [28].

2.8. Biochemical parameters

Serum fasting glucose, liver dysfunction markers [aspartate ami-
notransferase (AST), alanine aminotransferase (ALT)] and tumor bio-
marker gamma-glutamyl transferase (GGT) were measured according to
the procedure given by commercial kit (Erba Transasia Bio-Medicals
Ltd., India) using a semi-auto analyzer. The whole blood HbA1c was
assayed by using NycoCardTM (HbA1c) test kit and analyzed in
NycoCard™ reader according to the instructions supplied. The quanti-
tative estimation of liver tumor bio-marker α-fetoprotein (AFP;
LifeSpan BioSciences, USA) and serum insulin concentration (Mercodia,
Sweden) was determined by ELISA technique as per instruction given
by supplier.

2.9. Histopathological observation of liver (H&E; Sirius red)

The liver tissues fixed in formalin were dehydrated by passing them
through an increasing concentration of isopropyl alcohol (60 to 100%),
followed by clearing agent (xylene) and were embedded in paraffin
wax. The paraffin-embedded sections of the liver (5 μm thick) were

Table 1
The relative liver weight, insulin, glycosylated hemoglobin (HbA1c), serum liver dysfunction markers and tumor bio-markers (GGT and AFP) in rats of study design I.

Parameters/Group I (NC) II (STZ) III (DEN) IV (STZ+DEN)

Relative liver weight (g%) 3.94 ± 0.15 5.88 ± 0.37⁎⁎ 5.76 ± 0.08⁎⁎ 6.79 ± 0.66⁎⁎⁎

Insulin (μU/ml) 16.11 ± 0.26 5.80 ± 0.20⁎⁎⁎ 16.87 ± 0.21 6.52 ± 0.19⁎⁎⁎, a

HbA1c (%) 5.30 ± 0.13 8.43 ± 0.24⁎⁎⁎ 5.82 ± 0.16 7.67 ± 0.26⁎⁎⁎, a

ALT (IU/L) 47.17 ± 1.81 58.88 ± 3.13⁎ 69.59 ± 1.41⁎⁎⁎ 82.86 ± 3.97⁎⁎⁎, c

AST (IU/L) 55.97 ± 4.16 75.38 ± 3.35⁎ 88.10 ± 3.56⁎⁎⁎ 102.00 ± 7.31⁎⁎⁎

GGT (IU/L) 28.85 ± 1.38 37.38 ± 1.14 48.25 ± 2.19⁎⁎⁎ 62.86 ± 4.41⁎⁎⁎, b

AFP (ng/ml) 0.33 ± 0.02 0.37 ± 0.03 0.60 ± 0.01⁎ 0.77 ± 0.11⁎⁎⁎

Relative liver weight and various biochemical parameters of different experimental groups of study design I. Each value represents the mean ± SEM; One-way
ANOVA followed by Bonferroni test, where, ⁎p < 0.05, ⁎⁎p < 0.01, ⁎⁎⁎p < 0.001 compared to normal group and cp < 0.05, bp < 0.01, ap < 0.001 compared to
DEN group.

Fig. 3. (Serum glucose level of study design I). Serum glucose level (mg/dL) of
different experimental groups of study design I and is represented as the
mean ± SEM; One-way ANOVA followed by Bonferroni test, where,
⁎⁎⁎p < 0.001 compared to normal group and ap < 0.001 compared to DEN
group.

Table 2
Morphometric analysis (Nodule incidence, nodule multiplicity and size of no-
dules).

Group (Treatment) Nodule
incidence
(%)

Nodule
multiplicity

Relative nodular size (% of total
numbers)

< 1mm
(%)

1 to
3mm
(%)

> 3mm
(%)

III (DEN) 37.5 1.66 ± 0.33 5 (100) – –
IV (STZ+DEN) 87.5 5.28 ± 0.68c 18 (48.7) 12

(32.4)
07 (18.9)

Morphometric analysis of visible hepatocyte nodules in DEN and STZ+DEN
treated rats of study design I. Nodule multiplicity is presented as mean ± SEM;
Student's t-test, where, cp < 0.05 compared to DEN group.
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stained with Hematoxylin and Eosin (H&E) and Sirius red to investigate
the histological changes in liver. The photomicrographs were captured
from the stained slides (CKX41, Olympus Microsystem, Japan). The
relative hepatic fibrosis area (expressed as % Sirius red positive area)
was quantified using Image J software (Image J 2010, IJ 1.46r).
Further, inflammation was graded 0 to 3 on the basis number of in-
flammatory foci. Score 0 (Normal, < 0.5 foci); score 1 (slight, 0.5–1.0
foci); score 2 (moderate, 1.0–2.0 foci) and score 3 (severe,> 2.0 foci)
were assigned. Hepatocyte ballooning was assigned with score 0 to 2
based on the number of balloon cells. Score 0 (no balloon cells); score 1
(scattered balloon cells) and score 2 (panacinar balloon cells) were

assigned.

2.10. Data analysis

Statistical significance was determined using statistical software
GraphPad Prism version 6.0 (GraphPad Software, San Diego, CA, USA).
Data are expressed as mean ± SEM. The results obtained were ana-
lyzed using either student's t-test or one-way ANOVA (Analysis of var-
iance) followed by Bonferroni multiple comparison test as applicable
and p values of ˂0.05 were considered as significant.

3. Results

3.1. Study design I

In this study design, we studied the role of streptozotocin (STZ)-
induced hyperglycemia on the progression of hepatocellular carcinoma
(HCC) due to diethylnitrosamine (DEN) for the duration of twelve
weeks. The STZ and/or DEN rats showed significant decrease in body
weight and increase in relative liver weight (Table 1) in spite of high
food and water consumption compared to normal rats (data not shown).
The Fig. 3 illustrates the induction of hyperglycemia by STZ by the end
of 2nd week confirmed by significantly elevated levels (p < 0.001) of
serum glucose. The STZ alone group showed elevated levels of glyco-
sylated hemoglobin (HbA1c), serum liver dysfunction markers and de-
creased levels of insulin (Table 1) at the end of 12-weeks. The DEN
alone group exhibited increased levels of tumor bio-markers (GGT and
AFP), liver dysfunction markers and the presence of few carcinoma
nodules. The STZ+DEN group animals exhibit all the hallmarks of
diabetes and cancer with increased number of hepatic nodules (Tables 1
and 2).These changes were further enunciated by the morphological
and histopathological changes such as increased central vein congestion
and fibrosis of liver at the end of 12-weeks (Fig. 4).

Fig. 4. (Macroscopic and Histological features of study design I). Representative gross macroscopic appearance of livers from normal (A), STZ (B), DEN (C) and
STZ+DEN (D) administered groups at the end of 12-weeks study (arrow heads indicate nodules). Representative liver sections stained with hematoxylin-eosin (H&
E) (a–d, magnification: 200) depicts central vein and Sirius red (e–h, magnification: 100) depicts the plates of hepatocytes. Black arrow heads indicate congestion in
CV; black dotted lines (g–h) indicates collagen deposition. Liver fibrosis observed by Sirius red staining was quantified as percentage of Sirius red-positive area in
each group as shown in the bar diagram. Data are expressed as the mean ± SEM; One-way ANOVA followed by Bonferroni test, where, ⁎⁎⁎p < 0.001 compared to
normal group and ap < 0.001 compared to DEN group.
CV, Central vein; H, Hepatocytes; S, Sinusoids. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Table 3
Comparative percentage (%) changes and histopathological characteristics be-
tween study designs I and II.

Parameters STZ+DEN

12-weeks 18-weeks

Relative liver weight 89.81 100
Nodule incidence 87.5 100
Nodules <1mm in diameter 48.7 18.5
Nodules 1–3mm in diameter 32.4 34.5
Nodules > 3mm in diameter 18.9 47.0
Average no. of nodules 45.67 100
GGT 86.31 100
AFP 28.51 100
Histological features/changes
Metastasis – +
Ballooning hepatocytes – +++
Ground glass change – ++
Kupffer cell hyperplasia – ++

Comparative percentage (%) changes in morphological, biochemical and his-
tological features observed in STZ+DEN treated groups at the end of 12- and
18-week duration. Histological features are scored as mild (+), moderate (+
+), severe (+++) and absent (−).
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3.2. Study design II

In this study design, the chemo-preventive role of (α)-and (β)-
asarone was investigated and compared with Metformin HCl for dura-
tion of 18-weeks against STZ+DEN induced diabetic-hepatocellular
carcinoma (HCC). The 18-week duration was preferred over 12-week
duration of diabetic-HCC due to robustness of the 18-week study design
as compared in Table 3. Histopathologically, the metastasis, ground
glass change and kupffer cell hyperplasia were observed only in 18-
week study design. Further, all morphological features as well as cancer
biomarkers were also found to be high in 18-week study design com-
pared to 12-week one (Table 3).

3.2.1. General observation
The body weight as well as food and water consumption of STZ and

STZ+DEN groups of this study design was similar to 12-week study.
The water consumption in asarone and metformin treated animals was
significantly lesser compared to STZ+DEN group but was higher than
normal animals. On the contrary, neither asarone nor metformin

statistically altered the food consumption pattern (data not shown). The
treatment groups showed significant reduction (p < 0.01) in the re-
lative liver weight compared to STZ+DEN group which in turn was
significantly high (p < 0.001) compared to normal animals (Table 4).

3.2.2. Morphometric analysis
Table 5 summarizes the gross examination about nodule incidence,

nodule multiplicity and size of nodules. The STZ group rats did not
show the occurrence of hepatocyte nodules even up to the end of 18-
weeks. These macroscopic nodules were clearly visible in the
STZ+DEN as well as asarone and metformin treated groups. However,
the treatment with asarone (p < 0.05) and metformin (p < 0.01) de-
creased the nodule multiplicity, number and size of nodules compared
to STZ+DEN group.

3.2.3. Biochemical analysis
As mentioned previously in the Section 3.1, the STZ could induce

the hyperglycemia at the end of 2-weeks after its administration. The
high serum glucose level was maintained up to the end of 18-weeks in
STZ and STZ+DEN group. As expected, the metformin (p < 0.001)
was successful in controlling the levels of serum glucose. The asarone
(p < 0.001) was also able to control the serum glucose level (Fig. 5).

Table 4 shows the effect of (α)-and (β)-asarone and metformin on
insulin, glycosylated hemoglobin (HbA1c), liver dysfunction marker
(ALT, AST) levels and HCC biomarkers (GGT and AFP). The STZ and
STZ+DEN group showed significant reduction (p < 0.001) in the le-
vels of insulin and an increase (p < 0.001) in the levels of HbA1c and
liver dysfunction markers (p < 0.001) compared with the normal
group. However, only in STZ+DEN group, the levels of GGT and AFP
were found to be significantly (p < 0.001) higher compared to normal
animals. Oral administration of asarone and metformin caused sig-
nificant correction in all the above-mentioned biochemical markers
when compared to STZ+DEN group with varying degree.

3.2.4. Histopathological assessment
Macroscopically, the livers of STZ receiving rats appeared darker in

color without any visible subcapsular nodules compared to the livers
from the normal group, which did not show discoloration. The
STZ+DEN group showed enlargement of liver and appearance of foci

Table 4
The relative liver weight, insulin, glycosylated hemoglobin (HbA1c), serum liver dysfunction markers and tumor bio-markers (GGT and AFP) of study design II.

Parameters/Group I (NC) II (STZ) III (STZ+DEN) IV [STZ+DEN + (α)-and (β)-asarone] V [STZ+DEN + Metformin HCl]

Relative liver weight (g%) 3.35 ± 0.08 6.56 ± 0.24⁎⁎⁎ 7.56 ± 0.49⁎⁎⁎ 6.06 ± 0.08⁎⁎⁎, b 4.90 ± 0.12⁎⁎⁎, a

Insulin (μU/ml) 16.57 ± 0.26 4.63 ± 0.18⁎⁎⁎ 5.73 ± 0.27⁎⁎⁎ 10.03 ± 0.49⁎⁎⁎, a 12.60 ± 0.33⁎⁎⁎, a

HbA1c (%) 5.50 ± 0.09 8.90 ± 0.15⁎⁎⁎ 8.10 ± 0.15⁎⁎⁎ 6.89 ± 0.28⁎⁎⁎, b 5.88 ± 0.24a

ALT (IU/L) 46.62 ± 1.84 64.88 ± 1.55⁎⁎⁎ 176.20 ± 2.41⁎⁎⁎ 65.16 ± 2.05⁎⁎⁎, a 56.01 ± 3.20a

AST (IU/L) 55.51 ± 0.93 78.09 ± 0.72⁎⁎⁎ 166.50 ± 1.80⁎⁎⁎ 71.40 ± 1.91⁎⁎⁎, a 68.78 ± 1.66⁎⁎⁎, a

GGT (IU/L) 29.50 ± 1.41 35.86 ± 1.59 72.83 ± 2.52⁎⁎⁎ 44.60 ± 3.08⁎⁎⁎, a 38.88 ± 2.72a

AFP (ng/ml) 0.34 ± 0.02 0.42 ± 0.02 2.70 ± 0.10⁎⁎⁎ 1.31 ± 0.02⁎⁎⁎, a 0.99 ± 0.03⁎⁎⁎, a

Effect of (α)-and (β)-asarone and metformin HCl on relative liver weight and various biochemical parameters. All the values are presented as mean ± SEM; One-way
ANOVA followed by Bonferroni test, where, ⁎p < 0.05, ⁎⁎p < 0.01, ⁎⁎⁎p < 0.001 compared to normal group and bp < 0.01, ap < 0.001 compared to STZ+DEN
group.

Table 5
Morphometric analysis (Nodule incidence, nodule multiplicity and size of nodules).

Group (treatment) Nodule incidence
(%)

Nodule multiplicity Relative nodular size (% of total numbers)

< 1mm
(%)

1 to 3mm
(%)

>3mm
(%)

III (STZ+DEN) 100 10.13 ± 0.71 15 (18.5) 28 (34.5) 38 (47.0)
IV [STZ+DEN+ (α)-and (β)-asarone] 62.5 7.00 ± 0.31c 7 (20.0) 12 (34.2) 16 (45.8)
V (STZ+DEN+Metformin HCl) 50 5.75 ± 0.75b 4 (17.3) 8 (34.8) 11 (47.9)

Morphometric analysis of visible hepatocyte nodules in STZ+DEN treated rats and effect of (α)-and (β)-asarone and metformin HCl of study design II. Nodule
multiplicity is presented as mean ± SEM; One-way ANOVA followed by Bonferroni test, where, cp < 0.05, bp < 0.01 compared to STZ+DEN group.

Fig. 5. (Serum glucose level). Serum glucose level (mg/dL) of different ex-
perimental groups and effect of (α)-and (β)-asarone and metformin HCl of study
design II and is represented as the mean ± SEM; One-way ANOVA followed by
Bonferroni test, where, ⁎p < 0.05, ⁎⁎⁎p < 0.001 compared to normal group
and ap < 0.001 compared to STZ+DEN group.
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on the peripheral surface followed by several greyish white nodules,
which are characteristic features of HCC. We further observed that the
groups which were treated with (α)-and (β)-asarone and metformin
exhibited a decreased incidence of nodules as compared to STZ+DEN
rats (Fig. 6A–E).

Liver histology indicated that the normal group showed normal
hepatic architecture described by the presence of intact spherical

nucleus, well preserved hepatocellular symmetry, marked lobule
boundaries and clear cytoplasm (Fig. 6a, f). The injection of STZ re-
vealed a moderately disturbed liver architecture showing central vein,
portal triad and sinusoidal congestion with severe inflammation. The
initiation of necrosis following aggregation and infiltration of lym-
phocytes was observed between the hepatocytes (Figs. 6b, g, 7a, e).
Further, STZ group exhibited stage 1 fibrosis confirmed by Sirius red

Fig. 6. (Macroscopic and histological features of study design II). Top panel is representative gross macroscopic appearance of livers from normal (A), STZ (B),
STZ+DEN (C), STZ+DEN+asarone (D) and STZ+DEN+metformin HCl (E) administered groups at the end of 18-weeks study wherein the arrow heads
indicates nodules. The middle two horizontal panels are representative liver sections stained with hematoxylin-eosin (H&E) (a–j) which depict the CV and PT. Black
and blue arrow heads indicate congestion in CV and PT and necrosis, aggregation and infiltration of lymphocytes. The lower horizontal panel images of liver tissue
stained with Sirius red (k–o) depict plates of hepatocytes. The black dotted lines (l–o) indicates collagen deposition (a–g, i & j, magnification: 200; h, k–o, mag-
nification: 100). The fibrosis was quantified as percentage of Sirius red-positive area in the bar diagram and data is expressed as the mean ± SEM; One-way ANOVA
followed by Bonferroni test, where, ⁎p < 0.05 ⁎⁎⁎p < 0.001 compared to normal group and ap < 0.001 compared to STZ+DEN group.
CV, Central vein; H, Hepatocytes; S, Sinusoids; BD, Bile duct; HA, Hepatic artery; PV, Portal vein; PT, Portal triad. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

Fig. 7. (Histology of non-tumor region). Representative H&E stained images of sections from non-tumor regions of study design II depict inflammation and spotty
necrosis (a, g & h, magnification: 100; b–f, magnification: 200). Yellow arrow heads indicate cellular infiltration depicting inflammation; black arrow heads indicate
spotty necrosis; red arrow heads indicate focal hemorrhage. Histology score for inflammation was quantified and expressed as the mean ± SEM; One-way ANOVA
followed by Bonferroni test, where, cp < 0.05, bp < 0.01 compared to STZ+DEN group. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

B.K. Das, et al. Life Sciences 230 (2019) 10–18

15



staining (Fig. 6l).
The STZ+DEN group showed central vein and sinusoidal conges-

tion, signs of inflammation noted by the infiltration of leukocytes and
portal triaditis followed by focal hemorrhage, spotty necrosis and fi-
brosis similar to STZ group with greater severity (Figs. 6c, h, m, 7b, f).
However, presence of numerous neoplastic cells (HCC), cellular hy-
perplasia along with extensive loss of architecture (deformed cellular
margins), bridging necrosis, ballooning hepatocytes, cholestasis, cen-
trilobular degeneration, ground glass change and kupffer cell hyper-
plasia was observed (Figs. 8a, d, 9a, b). Further, confirmation of all
stages of fibrosis, cirrhosis and finally HCC was observed in STZ+DEN
group (Fig. 9c–g).

The magnitude of the deleterious effect of histological structure in
STZ+DEN was reduced in asarone and metformin treated groups
(Figs. 6, 7 and 8). Few features such as ground glass change, kupffer cell

hyperplasia and metastasis were reversed by metformin and asarone.
All other features of HCC were greatly reduced by metformin and to
lesser extent by asarone treatment (Table 6).

4. Discussion

Many epidemiological and other studies suggest that the Metformin
delays the occurrence of various forms of cancer including hepatocel-
lular carcinoma (HCC). The repository of clinical trials, clinicaltrials.
gov website suggests that there are 330 studies completed/ongoing/
ceased clinical trials when “metformin and cancer” words were used.
This number comes down to four, if the cancer word is replaced by
“HCC”. This indicates that the metformin is being studied extensively
for its usefulness in preventing/curing the cancers [29]. In our study
too, metformin delayed the occurrence of HCC at least by few weeks.

Fig. 8. (Histology of tumor region). Representative H&E stained images of sections from tumor regions of study design II depict bridging necrosis and ballooning
hepatocytes (a–f, magnification: 100). Yellow arrow heads indicate bridging necrosis; red arrow heads indicate focal hemorrhage; blue arrow heads indicate enlarged
and rounded hepatocytes with clear cytoplasm showing ballooning hepatocytes. Histology score for ballooning hepatocytes was quantified and expressed as the
mean ± SEM; One-way ANOVA followed by Bonferroni test, where, cp < 0.05 compared to STZ+DEN group. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 9. (Fibrosis, cirrhosis and HCC features). Representative H&E and Sirius red stained images of sections from tumor and non-tumor regions of STZ+DEN rats of
study design II sequentially showing different stages of fibrosis, cirrhosis and HCC (a & b, magnification: 200; c–g, magnification: 100). Red arrow heads indicate
ground glass appearance; black arrow heads indicate hypertrophy and hyperplasia of kupffer cells; black dotted lines showed well-demarcated cirrhosis (f) and
satellite nodules made of clusters of tumoral cells with irregular hepatocytes (g). (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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Further, our study test compound asarone too exhibited the effects si-
milar to metformin with a lesser efficacy.

It is a well-known fact that the STZ gains entry into beta cells via
glucose transporter 2 (GLUT 2) and causes necrosis due to DNA alky-
lation preceded with impairment of mitochondrial function, swelling of
cells and generation of free radicals and nitric oxide [30,31]. The ele-
vated levels of glycosylated hemoglobin observed in study design II are
a consequence of long-standing hyperglycemia. It is interesting to note
that, although the STZ was initially developed as anticancer agent,
many reports suggest that it is a carcinogenic agent [32]. Our findings
too suggest that the STZ on its own leads up to the stage of fibrosis but
fails to develop HCC at least until the end of the study duration. The
major histopathological sequence of events observed in STZ rats for a
period of 18-weeks are inflammation, congestion in central vein, sinu-
soids and portal triad, followed by initiation of necrosis, infiltration of
lymphocytes and stage 1 fibrosis as confirmed by Sirius red staining. All
these findings are similar to earlier reports [9,10]. The observed
changes could be resultant of release of pro-inflammatory cytokines, IL-
1β, IL-6 and TNF-α due to initiation of the oxidative-stress (ROS) and
inflammatory mediated damage by the STZ [33]. All these, together
with the loss of cellular function via activation of pro-fibrogenic factors
leads to hepatic fibrosis.

Many different chemicals are used to mimic the HCC in animals,
including the DEN. The DEN is reported to take longer duration to
develop cancer, if it is used alone. However, combining the DEN with a
promoting chemical can reduce the duration for the occurrence of HCC
many folds [34]. The administration of DEN is known to result into the
uncontrolled proliferation of cells due to tumor-associated proteins
causing the development of subcapsular nodules as evidenced by in-
creased liver and relative liver weight [6,30,35]. The increase in the
number, size and focal growth of the hepatocyte nodules observed may
be due to the increase in tumor volume, which are reported as a pos-
sible precursor for HCC [36–38]. The γ-glutamyl transferase (GGT), a
membrane-bound enzyme increases linearly with the increase in tumor
mass. It also increases with higher nodule incidence, larger spread of
nodules as well as foci in hepatic tissue indicating a response of toxic
cellular injury [39,40]. Alpha-fetoprotein (AFP), a common serum
protein diagnostic bio-marker also gets elevated in HCC and germ cell
cancers [41].

The present scientific literature has a scanty evidence about re-
plicating the diabetes promoted cancer in rodents/animals. Hence, one
of the aims of our study was to develop a rodent model to replicate the
clinical evidence for diabetic-HCC. We found that the pre-administra-
tion of STZ leads to the occurrence of cancer at least by few weeks early.
The intra- and inter-animal livers exhibited variations in

histomorphological patterns. In our study, non-tumoral liver sections of
the STZ+DEN rats confirmed the incidence of the progression of dif-
ferent events of pre-HCC stages (fibrosis, cirrhosis). The development of
liver fibrosis may be due to the proliferation, differentiation and acti-
vation of hepatic stellate cells (HSC) associated with the accumulation
of extra-cellular matrix components including laminin and collagen.
The increased deposition of the collagen around central vein, portal
triad and fibrous septae further accentuates the fibrosis [42]. The liver
damage continues into advanced cirrhosis and finally into HCC due to
neovascularization and infiltration of immune cells followed by its
encapsulation. Furthermore, a few cases of STZ+DEN rat livers ex-
hibited metastasis towards the lung indicating the irreversibility of the
disease. However, our study did not indicate the precipitation of HCC
was due to STZ itself or due to long standing higher glucose levels.

There are many studies suggesting that the metformin halts the
progress of HCC in diabetic patients [19]. In our study too, the met-
formin either reversed or reduced the severity of HCC in experimental
rats as indicated by all biochemical and pathological evidence. The test
compounds, asarones also showed chemo-preventive action similar to
the metformin. Further study is ongoing in our lab to confirm the cel-
lular and molecular mechanism of chemo-preventive effect of asarone is
due to the activation of AMPK as in the case of metformin [20].

5. Conclusion

Our findings suggest that the diabetogenic agent (STZ) could induce
the hepatic fibrosis but not the HCC. The STZ was able to precipitate
HCC at least by four weeks when combined with DEN. This action could
be due to STZ itself or it could be due to long standing hyperglycemia
caused by STZ. Asarone and metformin both successfully either re-
versed or delayed the deleterious effect of STZ and DEN indicating their
chemo-preventive effect.
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Table 6
Histopathological characteristics of liver of animals of study design II.

Histological features/changes II (STZ)
(n= 7)

III (STZ+DEN)
(n= 6)

IV [STZ+DEN+ (α)-and (β)-asarone]
(n= 7)

V [STZ+DEN+Metformin HCl]
(n= 8)

Stage (F1/F2/F3) 6/1/0 1/1/4 2/2/3 4/2/2
Metastasis − + − −
Central vein & sinusoidal congestion ++ +++ + +
Inflammation ++ +++ ++ ++
Focal hemorrhage ++ +++ + +
Ballooning hepatocytes − +++ + +
Altered hepatic foci − +++ + +
Spotty necrosis + +++ ++ +
Portal triaditis + +++ + +
Ground glass change − ++ − −
Kupffer cell hyperplasia − ++ − −
Cirrhosis − ++ + +
Hepatocellular dysplasia − +++ + +
Hepatocellular carcinoma − +++ ++ +

Severity for different histological features are scored as mild (+), moderate (++), severe (+++) and absent (−). The scoring/stage of liver fibrosis: F1, expansion
of fibrosis into fewer portal areas without septa; F2, expansion of fibrosis in most of the portal areas with occasional portal to portal (P-P) bridging; F3: expansion of
fibrosis in almost all of the portal areas with marked portal to portal (P-P) and portal to central (P-C) bridging.
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