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3.2.3. The combined role of a-and p-asarone
The G, values fora-asarone p-asarone, and metformin HCI derived through the
colorimetric based MTT assd$ection 3.2.1.) are tabulated, and the concentration for

the further study was chosen as one half of tigu@lue (Table 37).

Table 37: The 1G values ofa-asaronef-asarone and metformin HCI based on the

MTT assay.
Test compounds I Csovalues One half of theCsg
(MTT assay) (Selected for further study)
a-asarone 1.22 mM 0.61 mM
B-asarone 1.46 mM 0.73 mM
Metformin HCI 25.74 mM 12.87 mM

Furthermore, the combined effect @f and p-asarone (0.61 mM + 0.73 mM) was
stronger than the single effectwfor f-asarone (0.61 mM or 0.73 mM). As shown in
figure 43, the cell viability ofa- and/orf-asarone was reduced compared to the
untreated group. Whereas the combinatiom-chnd-asarone was stronger than its

single effect, as evident with the decreased vtglof the cells (<0.05).

The HepG2 cells morphology when cultured under ¢aaditions of glucose (5.5
and 25 mM) and the effect of a combined dose ofoaga(0.61 mMu-asarone; 0.73
mM B-asarone) and metformin (12.87 mM) under high gbecoondition as observed
has been illustrated in figure 44. Following treatmwith asarone and metformin for
48-h, poor growth or inhibition of HepG2 cells wabserved compared to the

untreated group.
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Based on the above results, the HepG2 cells waeg@azed into four groups

consisting of:

1) Normoglycemic (NG): The HepG2 cells were grown iarmal glucose at a
concentration of 5.5 mM.

2) Hyperglycemic (HG): The HepG2 cells were grown imghh glucose at a
concentration of 25 mM.

3) HG+Asarone: The HepG2 cells treated with a commnadose of 0.61 mM ai-
asarone and 0.73 mM fpfasarone in HG condition and,

4) HG+Metformin: The HepG2 cells were treated with822ZmM of metformin HCI

in HG condition.
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Figure 43 (Combined effect of AsaroneYhe MTT test was used to investigate the
combined effect of asarone, where the viabilityhaf cells decreased in the and/or
B-asarone group in comparison to the untreated @®Yp. The mean + SEM for
triplicate experiments was used to calculate thmuilte, where p<0.05, p<0.01,

*k:

" p<0.001 compared as specified.
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NG (5.5 mM) HG (25 mM) HG + Asarone (0+f) HG + Metformin HCI

R

Figure 44 (The morphology of human HepG2 cells ecombined effect of Asarone and Metformifihe changes (HepG2 cell morphology
shown as representative images were observed byvanted microscopel00 pm). (a)in the normoglycemic (NG) group, HepG2 c¢
exhibited a 50-60% confluenayith adherent cell coldes in their morphology. Thhyperglycemic (HC group (b) was 80-90% confluency
with epitheliallike morphology compared to the NG group. On the ottend, the cells exposed to combined treatmerisafone (c) an

metformin (d) supported the results shagvcell cytotoxicity with decreased cell viabilitpmpared to the HG grot
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3.2.4. Cdll cycle analysis

The flow cytometry technique with propidium iodi&RNase (PI-RNase) labeling was
used to assess the different cell cycle phaseadarone and metformin-mediated
growth inhibition of HepG2 cells. The cell cycle BiepG2 cells was halted in the
Go/G; phase when they were treated with asarone andommetf in high glucose
conditions. However, compared to the hyperglycentadition, the percentage of
cells in the S-phase was much lower in the treatmeyups. Furthermore, the HepG2
cells in the sub@ population stage were retained when treated widtfarmin
(Figures 45 and 46). These results indicated thatome and metformin impair cell

growth at the @G, phase of the cell cycle during the hyperglycemiadition.
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Figure 45 (Asarone and Metformin arreblepG2 cells in (/G; phase) Upper panel: In this, the samples were first gatediinglets staine
with propidium iodide-RNase (PI-RNasend then the cell cycle profile was determined frdns gated population. Lower pan
Representative flow cytometric histograms of HepGRs grown in normal glucose (NG), high glucose (HG), HG+Asardo+p) and
HG+Metformin. Here, the black arrdwad indicate the percentage of the reduced cells in the S-pleaskthe red arrowhead indice the
percentage of the cells in the subG1 stage.
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Figure 46 (HepG2 cells are arrested in the/@, stage by asarone and metformin)
Bar diagram illustrates the proportion (%) of celleasured by flow cytometry at
different cell cycle phases. All the results atastrative of an experiment done in
triplicate.

NG, Normal glucose; HG, High glucose; HG+Asa, Higlncose+Asaroneafp);
HG+Met, High glucose+Metformin.
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3.2.5. Expression of AMPKal, PCK-2 and SREBP-1

The asarone and metformin mediated HepG2 cellstaxitoty might result from
altered cellular energy homeostasis during the tgipeemic condition. In response
to the changed energy homeostasis involving inptiegression of HCC, the AMPK
signaling pathway plays a significant role. The detkeam regulators in the AMPK
pathway, namely the PCK-2 and SREBP-1, play airotegulating gluconeogenesis,
glucose uptake to glycolysis, and novo lipogenesis. The expression of AMEK
PCK-2 and SREBP-1 on HepG2 cells during the hygegaghic condition in each
group was assessed by flow cytometry as indicatedhb histogram events and
geometric mean fluorescence intensity (GMFI). Asasled in figures 47 and 48, the
flow cytometry study revealed that asarone andon@iih enhanced the expression of
AMPKal. The expression of AMRKL (represented as GMFI) was significantly
increased for the asarome<(.001) and metformim&0.01) in comparison to the high

glucose as the negative control.

Furthermore, the results from figures 49 to 52 datkd that asarone and metformin
reduced the expression of PCK&0.001) and SREBP-1p£0.001;p<0.01) when
compared to the cells treated with high glucosetltes negative control. The
expression of PCK-2 was significantly enhanced0(001) during hyperglycemic
conditions compared to normal glucose conditionser& were no such changes
observed with the expression of AMBK and SREBP-1 levels during high glucose
conditions. Hence, these data indicate that the@2epell cytotoxicity induced by
asarone and metformin treatment results in arigstirthe cell cycle is mediated by
the upregulation of AMPK1 and downregulation of PCK-2 and SREBP-1 durirgy th

hyperglycemic condition.
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Figure 47 (The expression of AMPKL): Upper panel: In this, the samples were first gawdsinglets stained witlFITC (Fluorescein
isothiocyanate) dye expression of AM&Kwas determined from this gated population. LowerepaRepresentative flow cytometric peak
HepG2 cells showing the percentageAdPKal grown in normal glucose (NG), high glucose (HG), HG+Agara+) and HG+Metformin.
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Figure 48 (The treatment with asarone and metformin up-regalttie expression of AMRH during hyperglycemic conditionHere, the bar
figures represent the GMFI of AMRK in HepG2 cells grown in normal glucose (NG), highcgke (HG), HG+Asarone and HG+Metformin.
The results were calculated and expressed as m&tMefor triplicate experiments, whef&<0.01,"%<0.001 in comparison to the high

glucose group.
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Figure 49 (The expression of PCK-2Upper panel: In this, the samples were first gatedsinglets stained wit(Fluorescein isothiocyanate)
dye, and then the expression of P€Kras determined from this gated population. Lovaargh Representative flc cytometric peak of HepG2

cells showing the percentage of PQKyrown in normal glucose (NG), high glucose (HG), HGatAdse, and HG+Metformin. The middle tal
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Figure 50 (The treatment with asarone and metformin down-reégsilthe expression of PCK-2 during hyperglycemiedition). Here, the bar
figures represent the GMFI of PCK-2 in HepG2 cettsam in normal glucose (NG), high glucose (HG), HG+Asarand HG+Metformin. The
results were calculated and expressed as mean +f&EMplicate experiments, where p<0.001 in comparison to the normal glucose group

and™p<0.001 in comparison to the high glucose group.
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isothiocyanate) dyeand then the expression SREBP-1was determined from this gated population. LowerepaRepresentative flow
cytometric peak oHepG2 cells showing the percentageSREBP-1 growrin normal glucose (NG), high glucose (HHHG+Asarone, and
HG+Metformin The middle table represents the details of strggéls in each grou

149




Results

S SREBP-1

=

S 10000 — -

2 U EEEEER ###

c P .I L I.l ]

Z = 75001 i

= (o] "

Sz e

= g 5000+ ey

28 : %

j: E .I:I.I I:I.I

2 25001 ]

8 S : I:l.l.l-l.l.

(] SRR e

0 e :

Glucose (5.5 mM) + = - .
Glucose (25 mM) = +

Asarone-a+f (0.61+0.73 mM)
Metformin HCI (12.87 mM) — -

|+ +
+ 1+

Figure 52 (The treatment with asarone and metformin down-gggslthe expression of SREBP-1 during hyperglycemialition) Here, the
bar figures represent the GMFI of SREBP-1 in Hep@Hscgrown in normal glucose (NG), high glucose (HE@)G+Asarone and
HG+Metformin. The results were calculated and exsgeéss mean + SEM for triplicate experiments, whgred.01,"#<0.001 in comparison

to the high glucose group.
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3.2.6. Expression of Akt

The expression of PI3K/Akt, a prototypic signalipgthway, is associated with
regulating growth and proliferation in hepatocaogianesis. Following treatment with
asarone and metformin, the expression level ofwds$ detected by flow cytometry.
The results showed that the change in the glucoseentration did not show any
significant difference in the expression of AktHepG2 cells. Nevertheless, as shown
in figures 53 and 54, as indicated by GMFI, a digant decreasep€0.001;p<0.01)

in the expression levels of Akt was observed im@saand metformin-treated groups
compared with the high glucose group. This resuljgested that asarone and
metformin exert cytotoxic action on HepG2 cells,iethmay involve modulation of

Akt beside the AMPK signaling pathway.
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Figure 53 (The expression of Akt)Upper panel: In this, the samples were first gdbedinglets stained witFITC (Fluorescein isothiocyanate)
dye, and then the expression of Akas determined from this gated population. LowerepeRepresentative flow cytomdc peak of HepG2
cells showing the percentage of Aktgrownnormal glucose (NG), high glucose (HHG+Asaroneand HG+Metformi. The middle table
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Figure 54 (The treatment with asarone and metformin down{etgs the expression
of Akt during hyperglycemic conditionHere, the bar figures represent the GMFI of
Akt in HepG2 cells grown in normal glucose (NG)glhiglucose (HG), HG+Asarone
and HG+Metformin. The results were calculated axpressed as mean + SEM for

triplicate experiments, whefép<0.01,"p<0.001 in comparison to the high glucose

group.
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4. DISCUSSION

A strong association co-exists between diabeteshapdtocellular carcinoma (HCC)
to its relative risk°?°* Some of the risk factors related to diabetes (mameulin,

IGF-1, or inflammation) have been broadly studiedhwcancer progression and
considered significant links. However, less atmmmtihas been paid to how

hyperglycemia promotes tumorigenesis in cancegiSpally HCC.

There is limited evidence in the existing scientifterature concerning the
impact of diabetes promoted hepatocarcinogenesanianimal model. Henceforth
this study focuses on the following objectives. @h¢he objectives of this work was
to mimic an animal model to validate the scientifimof for the diabetic-HCC
condition. The streptozotocin (STZ)-induced ratghvahronic hyperglycemia did not
develop HCC until the end of the 12-week study queri Conversely,
hepatocarcinogenesis was observed in the diethydainine (DEN) alone and
STZ+DEN-induced animals. These data of study delsgyggest that hyperglycemia
alone has no impact on HCC development. Whereaspté-administration of the
diabetogenic agent (STZ) before initiation of DEMmpotes HCC by a few weeks

earlier as supported by all biochemical and histoghological changes.

Further, this study aimed to demonstrate the réleest compound asarone
and anti-diabetic drug metformin against experirayntinduced diabetic-HCC and
attempted to elucidate the cancer-associated pgghiaa@thin-vivo andin-vitro. The
results demonstrated that asarone and metformamtent either reduced or reversed
the severity of hepatocarcinogenesis during théalia condition, indicating their
chemo-preventive effect. This was supported bybikchemical,"H-NMR based

metabolomics and histo-morphological evidence. irheitro study results suggest
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that asarone and metformin treatment reduces theGRlecells proliferation in
hyperglycemic state by arresting the/& stage of the cell cycle. This was mediated
by activating AMPK (5"adenosine monophosphate-attid protein kinase) and
inhibiting protein kinase B/Akt signaling pathwayghis study also proved that the
inhibition of PCK-2 (phosphoenolpyruvate carboxyse-2) and SREBP-1 (sterol
regulatory element-binding protein-1) indicate asariation between the glucose

metabolic pathway and HepG2 cell proliferation.
4.1. In-vivo study
4.1.1. General observations

It is well-established that the STZ exerts its dimgenic effect by acting on the
insulin-secreting pancreatic beta-cells through ghecose transporter-2 (GLUT-2)
protein, which causes cell swelling and impairmehimitochondrial function and
production of nitric oxide and free radicals. Ferthinduction of DNA methylation
leads to degressive glucose uptake and utilizadiosh increases blood glucose and
decreased insulin level®?®In general, hyperglycemia, hypo-insulinemia, severe
loss in body weight, polyuria, polydipsia, and gaipgia characterize STZ-induced
diabetes similar to the clinical symptoms of diabgiatients. The present study
results confirmed a continuous state of increadeddbglucose levels after a single
injection of STZ. They remained in the hyperglycersiate until the end of the
experiment. The experiential reduction in averagelybweight along with the
increased consumption of relative food and watethm study are consistent with
these observations in diabetic rats. The declinasualin due to the administration of
STZ causes impairment in the regulation of musct#gin metabolism and muscle

wasting?®® The characteristic weight loss observed in STZ-iedlanimals is most
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likely due to increased muscle wasting caused bglatated catabolism of structural
proteins and reduced protein synthesis due to thedednsulin secretioR%2%’
Further, the elevated glucose levels result in@guda along with loss of water and
electrolytes as the capacity of the kidneys tohseg glucose is surpassed. This
condition is termed polyuria. The overall declimethe volume of water from the
body leads to the activation of the thirst mechanisnown as polydipsia. As a result
of glucosuria and defective regulation of protearsd fats, it ensues in negative
energy balance, leading to an increase in appetifeod intake as observed in the
case of the STZ-induced rats, termed as polypHaHf& The present study also
showed increased relative liver weight in the Sheated rats even though the
average body weight of the animals was reduceds ¢buld be due to low insulin
levels, resulting in the increased influx of fattgids and triglyceride accumulation
into the hepatocyteés®?'? Furthermore, in the present study, the elevated
glycosylated hemoglobin (HbA levels in the STZ-treated rats indicate a cortirsu
state of long-standing hyperglycemia as observedstudy design Il. This is
responsible for oxidative degradation and non-eraiarglycation of proteins and is

measured as a tool for diagnosing diabetes ameliteed complication%:>

The liver is a fundamental metabolic organ mainlpoived in maintaining the
regulation of glucose metabolism through glycogeamc gluconeogenic pathways,
and high glucose is considered one of the mainachenistics of diabeteéd? The
long-standing hyperglycemia during diabetes leads sévere classical health
complications and negatively impacts various tissamd organs, including the
liver.#*#1® Many epidemiological reports strongly associat@bdtes-mediated
hyperglycemia with the increased progression ofignaht hepatocarcinogene$f.

Experimental studies to mimic the HCC involve usitiffferent chemicals, including a
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representative compound of the nitrosamine fanthy, diethylnitrosamine (DEN).
The liver is the leading site of metabolism of thest potent carcinogen, DEN. It's
been linked to reactive oxygen species (ROS) pitimlyccausing oxidative stress and
cellular damagé'’**®|t takes a longer duration when used alone; howewgen
combined with just a promoting agent, it can siigaifitly shorten the time required
for the incidence of hepatocarcinogené&idn the present study, tumor-associated
proteins produce subcapsular nodules in DEN aloné&TZ+DEN-induced rats.
Subsequently, uncontrolled proliferation of cefisreases the liver and relative liver
weight. In both rats and humans, an increase inntimaber, growth, and size of
hepatocytic nodules on the surface could increaseotur volume, confirm the
presence, and act as a probable precursor to H@&RioBs studies in experimental
and human disease correlate with the number ared dfihepatocyte nodules and
increased HCE2?% However, oral treatment of asarone and metfornigviated
the STZ+DEN induced increased liver weight, sugggsthat it has suppressed the
tumor growth (Table 30, 31). Furthermore, the digant decrease in the average
body weight of DEN alone or STZ+DEN administeret$ @doesn’t correlate with the
increased food consumption compared to normal rdence, the weight loss
observed in these groups could be independent ad fmonsumption. One of the
reasons for polyphagia and a decrease in averadg Wweight might be the pre-
administration of STZ in the diabetic-HCC group,iethresults in negative energy

balance and increased muscle wastfig®’

It has been established from the data presentd@inesults section of tha-
vivo study that oral administration of asarone and onetin has caused a substantial
decrease in the blood glucose concentration angbamrge in the insulin levels in the

diabetic-HCC rats (Figure 32; Table 30). The asanmediated hypoglycemic effect
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might be due to the stimulus of plasma insulin aséefrom the existing-cells in
STZ+DEN induced rats, resulting in increased glacoslization by the extrahepatic
tissues. Moreover, reducing HbAiIn the STZ+DEN-treated rats indicates the
potential of asarone and metformin to avert thebelia-related complications
mediated by the glucose-lowering effect, thus ébating towards the neutralization

of free radicals (Table 30).
4.1.2. Liver function markers

The result of reactive oxygen species (ROS)-mediakgdative damage caused by an
injury in the liver releases specific enzymes/meskiato the bloodstream from the
damaged hepatocytes. The levels of serum liver enariwere higher in different
diseased conditions and are considered the patbmpbgical indicator of the liver,
including diabetes mellit€*??" The STZ+DEN-induced oxidative stress is
responsible for its carcinogenic effects due to R@&luction in the liver. In this
study, the STZ and/or DEN treated rats showed fsogmtly elevated levels of
aspartate aminotransferase (AST), alkaline phosgkat (ALP), alanine
aminotransferase (ALT), and bilirubin in the serwvhjch is indicative of hepatotoxic
damage due to both the inducing agents (STZ and)DEMN aminotransferases viz.,
the ALT and AST are involved in amino acid metabwlis transamination and
oxidation process. The ALT catalyzes the transfearnino group from alanine to-
ketoglutarate-KG) and engages in the formation of glutamate pyrdvate. While,
the AST, a tissue enzyme located in the cytosahefiver, catalyzes the exchange of
a-ketoglutaric acids and aspartic to glutamic a@ds oxaloacetate. Besides amino
acid metabolism, it also correlates with carbohiglrand protein metabolism by
exchanging active substan$?*°The ALP, a membrane-bound enzyme of the liver,

increases with the noxious effect of the inducimgrds. It is the resultant of the
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variation in the membrane permeability, therebydieg to disarrangement in the
transport of essential metabolifé§>® Further, a significant increase of bilirubin
levels in the STZ+DEN administered group may behatted to the failure of normal
uptake, conjugation, excretion, or leakage of Wilin into the circulatory system
resulting from severe hepatic parenchymal damageés Bads to variation in the
membrane permeability, altering the build-up of amjagated bilirubin in the blood,
as in concurrence with previous studig¥’** Further, the generation of ROS due to
STZ and DEN decreases the total serum protein obnfdis variation is due to the
intoxication of a carcinogenic agent, which caudessurbance and dissociation of
polyribosomes on the endoplasmic reticulum, theretgcreasing protein
biosynthesi$*>?* Albumin and globulin, the two-serum protein, areutinely
measured and known as a prognostic indicator ieraé¥ypes of cancer, including
liver cancer. As observed, the decreased levelsghf serum protein in the
STZ+DEN-induced rats suggest impairment in therlim®tein biosynthesi&***°In
contrast to the STZ+DEN group, both treatment gsodpmonstrated a significant
reduction in ALT, AST, ALP, and bilirubin levelssavell as an overall increase in
protein albumin and globulin levels (Table 32). Ffinding supports the stabilizing
activity of the plasma membrane, or the abilityepair the liver injury by inhibiting
the leakage of enzymes through membranes and pngielse polyribosomes through
the restoration of the protein synthesis, thus iging hepatoprotective action and

inhibiting the hepatocarcinogenesis.
4.1.3. Lipid profile

The body's homeostasis gets disturbed during mitabmdrome (MetS), which is
linked to the pathophysiology of various disordéms|uding diabetes mellitS® The

complex pathophysiology of MetS involves multiplgans, including the liver, as it
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is one of the most important organs playing a @ivoble in energy metabolism.
Along with carbohydrates, proteins, and nucleicdadt plays a vital role in
maintaining the homeostasis of endogenous lipidgopfoteins, and plasma
apolipoproteins metabolisfi’?® Further, the progression of hepato-carcinoma has
also been linked with the alteration in plasmadignd lipoprotein metabolism. As a
source of energy and support of cell division aatyfacid derivatives, the tumor
cells are highly dependent on the metabolism ofifhés, thereby directly linking to
cell survival and growtf3%?*°In this study, the STZ and/or DEN treated ratsashb
significantly altered lipid profile levels as TC,GT LDL-c and HDL-c. During
diabetes, STZ-induced animals rely on other fuetsehergy, such as lipids or free
fatty acids, due to impaired glucose metabolismis Muggests the breakdown of
lipids and further mobilization of free fatty acitbm the peripheral fat repository.
Henceforth, this results in triglycerides, choleskteand other lipids, as indicated in
the study. This increase can also be explainedatige lack of insulin (resultant of
STZ administration), which fails to activate thpdprotein lipase enzyme, thereby
causing elevated triglycerides and cholesterol [$8/&2** Furthermore, during the
diabetic-HCC conditions, a significant increase the lipid levels directs the
supplement of energy source for the proliferatidntionor cells besides glucose
metabolism. Together, the survival and growth pssceith the alteration in lipid
levels directly affects the tumour cells' fluiditgellular process, and membrane
integrity **?*> However, following treatment with asarone and nmetia to
STZ+DEN-induced rats, it showed a significant raducin TC, TG, and LDL-c
levels along with an increase in HDL-c levels (T&aBB). These alterations might be
due to the stabilizing function of the enzyme lipmipin lipase as a result of the

increased levels of insulin.
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4.1.4. Liver tumor bio-markers

The y-glutamyl transferase (GGT), a well-known membraonend molecule and
diagnostic marker which transports gamma-glutamyictional groups, is found in
numerous tissues, with the liver being the mostriment>*® The rise in tumor mass
linearly increases the levels of GGT in the serline increased GGT levels are
linked to an increase in nodule incidence and atgralistribution of foci and nodules
in liver tissue®*’**®An increase of this enzyme activity observed in Dalbne and

STZ+DEN administered groups indicates a responedaltoxic cellular injury in the

hepatocytes. This is why the higher nodule incidemuoultiplicity and an increased

percentage of the relative nodular size were oleskirv this study.

It is a well-known fact that serum alpha-fetoproté AFP) is a sensitive
detecting bio-marker and is found to be elevatedérm cell cancers and HCE.
Some reports confirm that it can stimulate theifg@tion of human hepatocytes and
play an important role in regulating cell differition and tumor growt?*#'The
vigorous production of AFP during fetal life by thepatocytes of the liver and the
visceral endoderm of the yolk sac decreases inteaser birth to reach only trace
quantities in adulthoo®??A significant rise in the AFP levels detected inNDElone
and STZ+DEN administered rats indicates the presefddCC when compared to
the normal group. This increase in AFP levels igamcurrence and is observed in
adult animals when exposed to hepatocarcinogereselBvation of AFP levels during
HCC can be explained due to post-translational fiovadion affecting AFP
production or increased transcription of the AFfhef8® However, asarone and
metformin significantly decreased the rise in semalpha-fetoprotein level compared

to the STZ+DEN-induced group (Table 33). This renucof AFP in the treatment
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group might be responsible for the inhibitory effethereby regulating the cell

differentiation and tumor growth, thus confirminig chemo-preventive activity.
4.1.5. *H-NM R based metabolomics

Nuclear Magnetic Resonance (NMR)-based metabolgraiasovel approach in the
biomedical area, identifies the alterations in tmetabolic profiles of various
biological samples and provides crucial insights e pathophysiological condition
of various tumorigenesis and diabetes mellitus.cdh detect subtle metabolic
perturbations under different pathophysiologicatdions and be a highly effective
approach for identifying the biomarkeré:?*® The impairment of insulin deficiency
or function during the STZ-induced hyperglycemisa@erbates the regulation of
glucose, lipids, and amino acids metabolism. Thassigtent metabolic alteration
during long-standing hyperglycemia is linked witirious vascular complications and
affects multiple organs and tissues throughouthbibéy, including the liver. Under
normal functional conditions, the energy derivedotiyh glucose oxidation,
glycolysis, and lipid peroxidation in ATPs primarilutiizes substrates, namely
glucose, ketone bodies, amino acids, or fatty &cfdS° However, following STZ
injection, the diabetic animals lead to impairedcgise uptake and utilization. The
metabolites associated with the glucose metabagtiathway, namely pyruvate and
lactate, are involved in diabetes mellitus. A daseein pyruvate and lactate levels
observed in théH-NMR spectra of STZ-induced diabetic rats is imoarrence with
previous studie&?*° The glycolysis can explain this, and aerobic meliam
pathways involved in building energy through ATPRoguction are impaired and
result in hyperglycemia. Furthermore, due to desgdaglucose metabolism and
increased glucose production, diabetic animals mgpen other fuels for energy,

namely lipids and free fatty acids. This, in tuleads to the accumulation of
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triglycerides and cholesterol as specified in tleeiemical assays. In this study, the
enhanced levels of acetate in the STZ-treatedaratslue to an increase in the beta-
oxidation pathway of fatty acids, which agrees veithrevious stud$?* This increase

in the intracellular concentrations of lipid methtes activates a serine/threonine
kinase downstream signaling pathway and resuldereased insulin sensitivity to
tissues along with mitochondrial dysfunctidf?*3Likewise, the impairment in the
amino acids metabolism pathway after STZ injectieduces amino acids, such as
valine, alanine, and glutamine, which enhancesgtheoneogenesis process during
the diabetic state. The altered levels of alanind glutamine are suggestive for
maintaining fasting hyperglycemic conditions in Sihduced diabetic rats, which is
in accord with previous studié$-?°*?*This can also be correlated between the
decreased body weight in STZ-induced rats and tiemwation of protein synthesis
accompanied by the changes in the metabolism af@acid pathways. Henceforth,
the alterations of the substrates for energy swha the body might be a significant

event in studying the pathological condition oftuites.

The results ofH-NMR-based tumor metabolomics related to the @Eegon
of HCC during diabetic condition confirms that thepply of energy is vital for the
growth or proliferation of tumor cells as evidehtdugh the aberrant metabolism in
glucose, lipid and amino acids pathwa3fsThe process of glycolysis or tricarboxylic
acid (TCA) cycle provides the necessary supporttiercells in the form of glucose.
However, augmented glycolysis is considered on@hallmarks of the progression
of cance® This study confirms the maintenance of a contisumtate of
hyperglycemia due to the administration of a singjection of STZ till the end of the
study, which indicates that the ample availabiliy glucose in the diabetic-HCC

group supports the tumor cells for proliferationaagesult of augmented glycolysis.
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This results in a substantial amount of pyruvate lactate as the energy demand for
the cells increases during hepatocarcinogenesishvidachieved through glycolysis.
Further, for maintenance of the fluctuating enedgynands, the tumor cells rely on
another substrate of glucose for energy, namelhaticl In this study, the
significantly elevated levels of creatine in theZFDEN-induced group correlate
with the tumorigenic transformation of the hepatesyin the liver tissue compared to
normal rats. This increase in creatine levels dao le attributed to the parenchymal
damage of the liver and is indicative of necrodishe hepatocyte®’ The need for
further energy for the growth or proliferation olfiet tumor cells directs the
supplemental source through the metabolism ofdiidd amino acids. Henceforth, a
significant increase in the acetate levels in tHZEN treated rats reflects the
hepatic lipid metabolism supported by the rise enum lipids levels and could be
used as a potential biomarker for diabetic-HCC @ It is known that glutamine,
the highly heterogeneous and non-essential amiidodepends on several factors and
plays a role in cancer metaboliéfi.In this study, the abnormal alterations in
glutamine levels may be attributed to meeting tleeds of energy to the fast-
proliferating hepatocytes in STZ+DEN-induced ratwever, both the treatment
groups showed a substantial alteration in metaslgvel compared to STZ+DEN-
induced rats (Table 34, Figure 33 and 34). Thidligpts the importance of serum
metabolites for the altered energy metabolism dutire complex pathophysiological

process of diabetic-HCC conditions.
4.1.6. Oxidant-antioxidant imbalance

Oxidative stress plays a vital role and acts as-pathological factor contributing to
and accelerating hepatocarcinogenesis progressgdthie diabetic conditioff®%"°

The oxygen and nitrogen-based free radicals, warehtypically unstable and highly
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reactive, have unpaired electrons. The additionaoi-radicals such as hypochlorous
acid, hydrogen peroxide, or ozone to oxygen-basee fadicals, namely hydroxyl
radicals, superoxide, or peroxyl radicals produckding oxygen metabolism, is
known as reactive oxygen species (ROS). Furthermibre nitrogen-based free
radicals include non-radicals and nitrogen-basekitaés. These include nitric oxide
radicals and nitrogen dioxide produced by NADPHdase and synthase processes
from superoxide and nitric oxide and are known &SF° Under normal functional
conditions, these reactive species (ROS/RNS) ayeined for performing certain
physiological functions and are not indeed a rakifuman-being since the body can
eradicate these reactive species to a certainteXtris includes defense mechanisms
against different microorganisms, the involvementvarious signal transduction
pathways, or the expression of the other genesramgte growth or deatfi®?"
Henceforth, the balance between the free radicalegion and subsequent
elimination is significant for maintaining oxidagivcellular stress. This may lead to
cell toxicity, degradation of proteins, DNA damagend carcinogenesis. This
imbalance occurs when the concentration of ROSeaslc¢he anti-oxidant potential
of the cells?®®?* In this study, the STZ alone and STZ+DEN-treatedmats
exhibited a significant decrease in the levelscaivenging enzymes such as catalase
(CAT) and superoxide dismutase (SOD). The SOD suge® superoxide radicals
(O2) and converts them to hydrogen peroxided¥) and oxygen (¢), and the CAT,
haem-containing ubiquities enzyme detoxifies hydrogeroxide (kD) into water
(H20) and oxygen (€. The involvement of glutathione peroxidase (GHwx)
detoxifying HO- similar to CAT is also an important defense medmanagainst
ROS-induced oxidative stre$$:*"*The present study reveals decreased GPx levels in

the STZ alone and STZ+DEN-induced rats, as reportedbe relatively low in
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hepatoma conditior’s” The deleterious impact of inducing agents is resite for
the decrease in these scavenging enzymes, whidttivimizs free radicals and
prevents the human body from oxidative damage. iflceeased levels of lipid
peroxidation (LPO) of unsaturated fatty acids confthe oxidative stress-mediated
damage. It directly interacts with oxygen and lgpid produce radical intermediates
and semi-stable peroxides such as malondialdeRyd¥Af. The increase in MDA
levels in the STZ alone and STZ+DEN-treated ratdicate enhanced lipid
peroxidation leading to injury of the hepatocytesd afailure of the defense
mechanism. The MDA also acts as a mutagen in masainteracting with the
deoxynucleotides through the formation of addutkss is in concurrence with earlier
reports where elevated levels of LPO in the hepsgues of both the diabetic and

cancer models are obsen/g@y?’®

The oxidative-stress mediated liver damage due i Snd DEN
administration depleted the reduced glutathioneH}z&hd Vitamin-C levels. These
non-enzymatic anti-oxidants act together to neaafree radicals and defend the
human body from injury associated with oxidativeess and contrast to the LB,
Furthermore, vitamin C, a known hydrophilic antigdant, also detoxifies and
scavenges the free radicals from the cytosol inhkoation with glutathione and

vitaminE?"®

The availability of vitamin-C can also protect thgoprotein particles
and cellular membrane from oxidative damage andesgponsible for malignant
invasivenesé’° Thus, in the present study, the decreased levelsesé non-enzymic
anti-oxidants in the STZ alone and STZ+DEN-treatgdups may be due to the
utilization of anti-oxidant to scavenge the oxigatstress caused by both the inducing

agents. The asarone and metformin-treated grounifisently higher levels of SOD,

CAT, GPx, GSH, and Vitamin-C as well as a lowerelegf LPO compared to the
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STZ+DEN-induced group (Table 35). This helps inhddl the biochemical actions,
which can cause ROS-mediated oxidative stress dadoaable environment for the

proliferation of the tumor cells.
4.1.7. Histopathological evidence

The changes observed in this study for all the H®aucal parameters as well as the
'"H-NMR-based metabonomics were also confirmed bydétailed histopathological
sequence of events in the hepatic tissue. Therstadées in diabetic patients which
revealed prominent alterations in liver histopatiggl’®® Reports suggest that the
STZ, initially developed as an anti-biotic and ar@ncer agent, also acts as a
carcinogenic agefit! The reason for the inclusion of the STZ alone grouptudy
design Il was to observe the pathological chandéBeoliver for the development of
HCC. In this study, the STZ alone group progressetiepatic fibrosis but did not
develop hepatocarcinogenesis at the end of 18 wddies chemical injection of a
diabetogenic agent induces mild inflammation as key pathogenesis of any
metabolic disorder. Further, congestion in sinusgii), portal triad (PT) and central
vein (CV), as well as infiltration of lymphocyteecrotic cells and fibrosis (stage 1)
observed in the liver tissue indicates the ROS-atedi oxidative stress. These
changes may be attributed to oxidative-stress rtelimflammatory damage by the
STZ with the generation of pro-inflammatory mediatsuch as ILi, TNF-, and
IL-6. The activation of pro-fibrogenic factors mhg responsible for developing stage
1 fibrosis, as verified by Sirius red stain and kbss of cellular function®*??®°The
single injection of STZ and DEN in the diabetic-H@@up stimulates oxidative
stress and inflammation, contributing to the cortgless of hepatic architecture with
deformed cellular margins. The infiltration of iafhmatory mediators promotes the

stress-mediated hepatic cells into necrotic c&lgwed by pre-HCC stages, and the
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appearance of many neoplastic cells confirms theateearcinogenesis. The
importance of intra- and inter-animal heterogendityhisto-morphological features
was established in this STZ+DEN model system. Tdwiwence of the development
of various pre-HCC steps, such as fibrosis andhasgis, in STZ+DEN-induced rats,
was confirmed using non-tumoral hepatic tissuese BTZ+DEN-induced model
showed the status of fibrotic cells that progreds icirrhosis and finally develop
HCC. The growth, division, and activation of hepatiellate cells (HSC) are linked to
the aggregation of extracellular matrix componestgh as collagen and laminin,
resulting in fibrosis. Furthermore, the degree oflagen deposition in nearly all
central and portal regions, including the portaptotal (P-P) and portal to central (P-
C) rises and accentuates fibro¥%.The increased fibrosis leads to progressive
cirrhosis and, eventually, HCC. This is due to imnm@ucell infiltration and
neovascularization, which is followed by encapsatatThe hypercellularity (nuclear
crowding), microacinar formation, hyper-basophiliar, hyper-eosinophilia of the
cytoplasm and trabecular/nested/solid growth patéthe hepatocytes are also taken
into consideration for the confirmation of HCC. tharmore, cases of STZ+DEN-
treated rats developed lung metastases, indicatimag the diseased status is
irreversible. Finally, the STZ+DEN-induced diabetd€C model sequentially depicts
central vein and portal triad congestion, inflamiat necrosis, ballooning
hepatocytes, pre-HCC stages (fibrosis and cirrh@sid eventually HCC. Treatment
with asarone and metformin has shown recovery efhibpatocytes along with the
other histopathological features compared to STZMBitluced rats (Figure 36 to
38). This restoration ability of the hepatocytesyrha due to the protection of the test
compounds from oxidative mediated stress, signeddiced inflammation, and other

characteristic pathological evidence (Table 36).
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The schematic illustration of the mechanism of actof streptozotocin and
diethylnitrosamine-induced hepatocellular carcino(fCC) and chemo-preventive
effects of asarone and metformin on the liver ipezimental rats is depicted in figure

55.
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Figure 55: Schematic representation of the mechanism of adfi@treptozotocin (STZ) and diethylnitrosamine (D-induced hepatocellular
carcinoma (HCC) and chenmeventive effects of asarone and metformin orlitlee in experimental rat:

STZ, StreptozotocinDEN, Diethylnitrosamine; TG, riglycerides; AST, Aspartate aminotransfera&S§H, Reduced glutathio; DB, Direct
bilirubin; ALT, Alanine aminotransferasefB, Total bilirubin; TC, “otal cholesterol;SOD, Superoxide dismutasLDL-c, Low-density
lipoprotein cholesterol; ALP, ikaline phosphata; CAT, Catalase; GPx, Glutathione peroxidase; HDHigh-density lipoprotein cholesterol,

LPO, Lipid peroxidationT Increasel Decrea
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4.2. In-vitro study

Asarone and metformin successfully suppressed tbetly of human HepG2 cells
during a glucose-rich environment. It has beenbdisteed from the data presented in
the results section of tHe-vitro study that asarone: @ndp) and metformin inhibit
the growth (expressed as percentage cell viabiiity)d modify the morphology of
HepG2 cells (Figure 40 and 41). The cause for treentration-dependent decrease
in cell viability is due to the toxicity of the tesompounds, which helps suppress the
growth of HepG2 cells. Further, the results indédathat the test compounds arrested
the cell cycle specifically at they&, phase due to activating AMPK and suppressing

protein kinase B/Akt transducer pathways.

The ability of the cancer cells for rapid uptakedautilization of glucose
favors the anabolic process and provides a pratifexr advantage for the tumor cells.
Further, this condition might be amplified undere tiglucose-rich condition, as
observed in diabetes mellitus. Studies indicaté ¢hevated serum glucose condition
is strongly linked to a higher incidence of can€eéf*?®In this study, the glucose-
rich state increases the proliferation of HepG2Xscels evident with a time-dependent
increase in proliferation or cell viability alongittv the changes in the morphology
(Figure 42). High glucose (HG) triggers ROS genemtwhich causes glucose
toxicity and alteration in the expression of geffeshe HG causes ROS production
and promotes and favors the oncogenic signalinbwsats for cell proliferation,
adhesion, mutations, migration, and survival inesaltumor cell line>% In this
direction, the AMPK and Akt transcriptional factpras well as their cascade

regulators serve a significant part in the metainolof glucose and cancéf.
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The AMPK is an important regulatory indicator thelps maintain cellular
energy balance and is a known pharmacologic tafgettreating a metabolic
condition like diabetes. Nevertheless, emergingdeswte documents AMPK as a
probable metabolic tumor inhibitor and contributeshe prevention and treatment of
tumor growth*****The dysregulation of AMPK has been observed inedfit
conditions, including diabetes, hypertension, digesheart failure, aging, liver
diseases, and certain cancgfdt has been demonstrated that the activation oPKM
can regulate numerous cell and tissue-specific dawam markers responsible for
proliferation, apoptosis, and autophady-?**?*Asarone and metformin have been
proven to produce anti-proliferative activity bysificant upregulation of AMPKL
activity (Figures 47 and 48). This is in agreemwith other research that links the
AMPK activation to tumor growth inhibitioh>*?**#These findings imply that the
activity of AMPK in high glucose conditions is imgely correlated with the
progression of the HepG2 cell line and may serva asgulator contributing to the

proliferation and differentiation of the hepatocyte

The phosphoenolpyruvate carboxykinase (PCK or PBEP@knes, a
gluconeogenic factor and a downstream regulatéhenAMPK pathway of the liver
are associated with the growth and differentiatioh HCC. The PCK-2, a
mitochondrial isoenzyme, catalyzes the reactioraltéring oxaloacetate (OAA) to
phosphoenolpyruvate  (PEP) and is considered a [lpessi target
hepatocarcinogenesi® The results (Figures 49 and 50) suggest that Hep&2ed
cells in hyperglycemic conditions upregulates tkpression of PCK-2 compared to
normoglycemic conditions. The observed increasqutesssion of PCK-2 causes an
upsurge in glucose uptake and utilization,whichpsufs the anabolic metabolism and

promotes HepG2 cell proliferation. As per numersuslies, the elevated expression
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of PCK-2 is observed in various types of cancer @ndorrelated to increased
anabolic metabolism and proliferation of the caremis>*****However, asarone and
metformin treatment downregulate the expression P@K-2 in high glucose
conditions (Figures 49 and 50). This result indisathe functional significance of
PCK-2 in contribution to the glucose metabolism hpaty by reducing the
proliferation of human HepG2 cells. Thus, this disean insight underlying the anti-
proliferative role of asarone and metformin in H@p¢lls with the function of PCK-

gene during hyperglycemic conditions.

Furthermore, increasing evidence suggests that $REMBsterol regulatory
element-binding protein-1), the crucial regulatargymponent controlling glucose
uptake to glycolysis ande novo lipogenesis, upregulates in various types of cance
been associated with playing an integral role ire tbncogenic signaling
pathways?>*3*13¢ The results suggest that asarone and metfornatetle high
glucose cells decreased the expression of SREBHglré 51 and 52) compared to
the hyperglycemic condition, which could be possildsponsible for abating the
cancer cell growth. Furthermore, AMPK phosphonda®REBP-1 as an upstream
regulator, thereby signifying the connection betwe®VPK-SREBP-1 signaling

pathways through cell proliferation and differetita.

The deregulation of the prototypic survival Akt/RI3ignaling pathway has
been linked with various functions of the cellstaiady cell growth and proliferation.
Reports suggest that anomalous Akt signaling pathaetivation is common in HCC
carcinogenesi¥’’'* Henceforth, targeting Akt for hepatocarcinogenesfers the
clinical relevance of this particular pathway, atddenced by both clinical and pre-
clinical studies. The HepG2 cells in high glucosaditions treated with asarone and

metformin significantly suppressed the proliferatiof the cells, as evident from the
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decreased expression of Akt (Figures 53 and 54kirTfindings suggest that
metformin acts through Akt's inhibition on varionancer cell lines in support of

other worker<?®140:283

The progression of the cell cycle during the peshtion of
hepatocarcinogenesis is controlled by the balanewsvden the different growth
suppressor proteins and cyclin-dependent kin’a@d\ﬂyoshi et al. have reported
arrest of the cell cycle in HCC cells regulatedabgtynamic balance between the up-
regulation of p27 and p21 and inhibition of G1 ays/™ Besides these, the cell cycle
is controlled by modifying both the AMPK and Akt-diated pathways. Following
this, the flow cytometry analysis suggests thatrasa and metformin inhibit the
proliferation of HepG2 cells, specifically at theyG;stage of the cell cycle in
glucose-rich conditions (Figure 45 and 46). Thislig to the modulation of the cell

cycle-specific proteins, which allows the cancdisder proliferation?*

The schematic illustration by which asarone andfonein decrease the

proliferation of HepG2 cells is depicted in figuyé.
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\ Asarone/Metformin |

/\D

Figure 56: Schematic illustratiorof asarone and metformin, whiakecreases tr

proliferation ofHepG2 cell.

LKB1, Liver kinase B1; AMPK, 5’adenosine monophosphatetivated proteil
kinase; PCK-2, Rosphoenolpyruvate carboxykin-2; SREBP1, Sterol regulator
element binding proteid; PI3K, Phosphoinositide 3-kinase; AktoRein kinase E
(PKB).
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5. SUMMARY
One of the objectives of this research was to mimic an animal model to validate the
scientific proof for the diabetic-HCC condition. Further, this study assesses the role of
test compound asarone and anti-diabetic drug metformin against experimentally
induced diabetic-HCC and attempts to elucidate the cancer-associated pathways both
in-vivo and in-vitro.

The in-vivo study was carried out through two study designs in male Wistar
rats. The study design | was to investigate the impact of STZ-induced hyperglycemia
on the development of DEN-induced HCC for 12 weeks. In study design I, the
combined role of asarone and metformin HCI was examined separately on STZ+DEN
rats for 18 weeks. In study design |, the STZ induced animals administered at asingle
dose of 55 mg/kg exhibited severe hyperglycemia and did not show any sign for the
development of HCC until the end of 12-weeks. Conversdly, hepatocarcinogenesis
was observed in the DEN (200 mg/kg; i.p.) alone and STZ+DEN-induced animals.
These data of study design-I suggest that hyperglycemia alone has no impact on HCC
development. In contrast, the pre-administration of the diabetogenic agent (STZ)
before initiation of DEN promotes HCC by a few weeks earlier as supported by all
biochemical and histo-morphological changes.

However, in study design I, oral treatment of asarone (50 ng/kg; prepared in
1:1 ratio) and metformin (250 mg/kg) either reduced or reversed the severity of
hepatocarcinogenesis during the diabetic condition, confirming a chemotherapeutic
efficacy. This was supported by all biochemical, *H-NMR based metabolomics and
histo-morphological evidence. This could be attributed to the ability of the test

compounds to repair the hepatic injury by maintaining the structural integrity of the
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plasma membrane by reducing the toxic effects of free radicals and confirming its
chemo-preventive activity.

Furthermore, the in-vitro study was carried out on human HCC cell line
HepG2. This study design also attempted to investigate whether a change in the
concentration of glucose aids in the proliferation of HepG2 cells. We also explored
whether the asarone and metformin-mediated cytotoxic effect on HepG2 cells were
regulated through AMPK and Akt regulatory pathways during high glucose
conditions. A time-dependent growth of HepG2 cells was observed as the glucose
concentration increases. The asarone and metformin treatment treated groups reduce
the proliferation of HepG2 cells during high glucose conditions due to arrest at the
Go/G; phase of the cell cycle. This reduction is mediated due to an increase in the
AMPK and suppressing protein kinase B/Akt cell-signaling pathways. This study also
proved that the inhibition of PCK-2 and SREBP-1 indicated a connection involving
HepG2 cell proliferation and glucose metabolic process. Further, studies investigating

the involvement of other cancer-signaling pathways may strengthen these findings.
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6. CONCLUSION

The present study concluded that the streptozotocin (STZ)-induced diabetic rats
developed upto hepatic fibrosis in study design Il but failled to progress to
hepatocarcinogenesis (HCC) till the end of the study period. In contrast, the pre-
administration of the diabetogenic agent (STZ) before initiation of DEN resulted in
the development of HCC at least a few weeks earlier. This suggests that
hyperglycemia due to STZ aone has no impact on HCC development but can
precipitate the development of HCC when combined with DEN. Furthermore, asarone
and metformin treated groups exhibited chemo-preventive activity in diabetic
conditions as confirmed through an in-vivo study. The in-vitro study results showed
that the treated groups reduce the proliferation of HepG2 cells during hyperglycemia
due to arrest at the Go/G; phase of the cell cycle. This reduction is mediated due to an
increase in the AMPK and suppressing protein kinase B/Akt cell-signaling pathways.
In addition, the inclusion of PCK-2 and SREBP-1 indicated a connection involving
HepG2 cell proliferation and the glucose metabolic process. Nevertheless, further
studies involving the other cancer-associated pathways for its anti-proliferative effect

may strengthen these findings.
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8. ANNEXURES

8.1. Animal ethical clear ance certificate

Application for approval of IAEC and CPCSEA (KLEU.HBL/2016)
Page 8/8
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8.2. Certificate of analysis of Metformin HCI

|

CiN: U4SAITEI01GRPTCT0IRES

"eg. ANGELS PHARMA INDIA PRIVATE LIMITED
]

-.5 Reg.ON: 1-26/4, Plot No 14 Pord Houss, Arunadays Colany, Madhapur, Hyoerabad, Telangana. b

‘ Factory: Plot Mo 12, JNPC Parwada. Vizag, Andhra Pradash, India
- No: <§1-9473181 304 Foatail sk E'TIE"'"W'“ cam, Wabssite: e srgeispraracony
Certificate of Analysis
Name of the Product ' METFORMIN HYDROCHLORIDE - EP =
Batch / Lot Number | METL-1710010 | Quantity | 5.0Kg
Date of Analysis 09, 10,2017 | AR Number | FPMETL/1017030
Mg, Date Oer-2017 Retest period | Sep-2020
5, Mo, Test Results Specification
White, crysialline H ; n
LD Drescripion powder. | White, erystalline powder. ¥
(20 [ Solwbiliy
_Eristilled Water B Complies Freely soluble
| Aleahol AR grade Complies Slightly soluble
Acetone AR grade | Complies Practically insoluble
Methylene Chlende AR grade | Complies Practically insoluble

LR} Identification

| The IR spectrum of sample should be

.] a R Complies cancordant with the IR spectrum of
| P | wiorking standaed.
Bifeaction of Chlonde | Complies | A curdy, white precipitate is produced.
A | Which is dissolved in ammonia.
40 Appearance of solution | Complies | Salution S is clear and colorless
S0 Loss on drving P 0.20% wiw | Not more than 0.5 % wiw
| 6.0 Sulfased ash 0.08% wiw | Not more than 0.1 % w/w
7.0 | Heavy Metals ! Complies | Not more than 10 ppm
Assay by Potentiometry (on dried |
50 | basis) i 100.0% wiw - | Between 98.5 10 101.0 % whv
9.0 | Reluted substance by HPLC
| Metformin Related Compound A I 0.014% | Maximnum ,02%% ]
| Anv other impurity (1.0459% [ Maximum 0, 195

J—

: : el =
| Conelusion: The product Complies / Doeemit-Comphies with the sbove specifications,

Note : The product alse complies with B.P Specifications,

1
[ .

Signature . v ¢
| f ;c_‘_‘i_12._ ORIy | fa C"-frrorﬂﬂry
Designation - Compiled by Reviewed by =
Loy ) 3 Approved by
) g i y Y
. Departmoent | (Chemist - QC) | (Sr.Chemist- QC) | { Manager- ()()
Forat No: QAD-01/F-03.00 —
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8.3. Publications

Research Article:

1.

Das, B.K., Choukimath S.M., Gadad, P.C., 2019. &sarand metformin delays
experimentally induced hepatocellular carcinomadiabetic milieu. Life Sci.,
230:10-8(Impact Factor: 5.03)

Das, B.K., Gadad, P.C., 2020. Asarone and metforrmidlulates the oxidant-
antioxidant imbalance on experimentally inducedategellular carcinoma during
diabetic condition. Indian J. Pharm. Educ. Res:1%39-1045.(Impact Factor:
0.68)

Das, B.K., Knott, R.M., Gadad, P.C., 2021. Metfarrand asarone inhibit HepG2
cell proliferation in a high glucose environment ®gulating AMPK and Akt
signaling pathway. Futur. J. Pharm. Sci., 7:43.

Das, B.K., Jayalakshmi. K., Gadad, P.EI-NMR based serum metabolomic
study to evaluate the effect of asarone and metfoon experimentally induced

diabetic-hepatocellular carcinoma. (Under review).

Review Article:

1. Das, B.K.,, Swamy, A.H.M.V., Koti, B.C., Gadad, P.Q019. Experimental

evidence for use ofAcorus calamus (asarone) for cancer chemoprevention.
Heliyon. 5:e01585.

Das, B.K., Gadad, P.C. 2021. Impact of diabetethenincreased risk of hepatic

cancer: An updated review of biological aspectsaabetes Epidemiol. Manag.,

4:100025.
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8.4. Details of Seminar s/Conferences/Workshops attended

1. Participated as delegate in 5 days workshop Smmiple Size and Multivariate
Analysis by SPSS/Excel” from 2to 26" August 2016, organized by KLE
University, Department of Epidemiology & Biostaiis, Belagavi, Karnataka,
India.

2. Participated as a delegate in a workshop onrfRheognostic Approach in Drug
Discovery” on 22 November 2016, organized by KLE University, UDEHP,
Belagavi, Karnataka, India.

3. Participated as delegate in CME on “Researc@&ancer Biology-Breast Cancer
Biomarkers” on 1% February 2017, organized by SDM College of Medical
Sciences & Hospital, Manjushree Nagar, Sattur, @adr Karnataka, India.

4. Participated as delegate in a workshop on “Hamd$raining in Basic Molecular
Biology Techniques” on 18 February 2017, organized by SDM College of
Medical Sciences & Hospital, Manjushree Nagar, Batbharwad, Karnataka,
India.

5. Participated as delegate in a workshop on “Gbabioratory Practices and
Laboratory Safety” on 18 April 2017, organized by KLE-BSRC, UDEHP,
Belagavi, Karnataka, India.

6. Participated in International CME on “Scientifitanuscript Writing” on 28 &
27" April 2017, organized by USM-KLE, IMP, Belagaviakhataka, India.

7. Participated as delegate in a workshop on “Bth(8uidelines in Biomedical
Research” on 2% & 25" November 2017, organized by KLE-COP, UDEHP,

Hubballi, Karnataka, India.
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8. Participated as delegate in a webinar on “Lttf@en: Virtual Experimental
Physiology and Pharmacology Lab” on™.Bune 2020, jointly organized by AD

Instruments and KLE-COP, Hubballi, Karnataka, India
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