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INTRODUCTION

ABSTRACT

To evaluate the efficacy of cardamom with pioglitazone on dexamethasone-induced
hepatic steatosis, dyslipidemia, and hyperglycemia in albino rats. There were four
groups of 6 rats each. First group received dexamethasone alone in a dose of
8 mg/kg intraperitoneally for 6 days to induce metabolic changes and considered as
dexamethasone control. Second group received cardamom suspension 1 g/kg/10 mL of
2% gum acacia orally 6 days before dexamethasone and 6 days during dexamethasone
administration. Third group received pioglitazone 45 mg/kg orally 6 days before
dexamethasone and 6 days during dexamethasone administration. Fourth group did
not receive any medication and was considered as normal control. Fasting blood
sugar, lipid profile, blood sugar 2 h after glucose load, liver weight, liver volume
were recorded, and histopathological analysis was done. The effects of cardamom
were compared with that of pioglitazone. Dexamethasone caused hepatomegaly,
dyslipidemia and hyperglycemia. Both pioglitazone and cardamom significantly
reduced hepatomegaly, dyslipidemia, and hyperglycemia (P < 0.01). Reduction of
blood sugar levels after glucose load was significant with pioglitazone in comparison to
cardamom (P < 0.01). Cardamom has comparable efficacy to pioglitazone in preventing
dexamethasone-induced hepatomegaly, dyslipidemia, and fasting hyperglycemia.
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are increasingly observed among children, adolescents, and
younger adults. The causes of the epidemic of T2DM are

Over the past three decades, the number of people with
diabetes mellitus has more than doubled globally, making
it one of the most important public health challenges to all
nations. Type 2 diabetes mellitus (T2DM) and pre-diabetes
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embedded in a very complex group of genetic and epigenetic
systems interacting within an equally complex societal
framework that determines the behavior and environmental
influences. Prevention of T2DM is a “whole-of-life” task and
requires an integrated approach operating from the origin of
the disease.!' Insulin resistance in muscle, liver, and fatis a
prominent feature of most patients with T2DM and obesity,
resulting in a reduced response of these tissues to insulin.™

Currently, a number of synthetic hypolipidemic drugs are
available and are effective, but they are associated with
severe side effects. Therefore, alternative approaches are
eagerly needed, and plant-based therapies attract much
interest, as they are effective in reducing lipid levels and
show minimal or no side effects. Oral administration of
cardamom extract significantly reduced total cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein,
and very low density lipoprotein and triglycerides in
Wistar rats.P!
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MATERIALS AND METHODS

Preparation of cardamom powder suspension

Dry cardamom seeds were procured from the market. They
were made into a fine powder with the help of a pulverizer.
This fine powder was taken in a mortar. 2% gum acacia was
added little by little and triturated continuously to obtain
the suspension.

Experimental animal

Healthy adult rats of Wistar strain weighing around
240-270 g were used in the present study. The animals
were housed in clean polypropylene cages and maintained
in a well-ventilated temperature controlled animal house
with constant 12 h light/dark schedule. The animals were
fed with standard rat pellet diet and clean drinking water
was made available ad libitum. All animal procedures have
been approved and a prior permission from the Institutional
Animal Ethical Committee (IAEC) was obtained as per
prescribed guidelines with ethical clearance number
KSHEMA/IAEC/04/2012.

Induction of hepatic steatosis, dyslipidemia, and
hyperglycemia

Hepatic steatosis, dyslipidemia and hyperglycemia
were induced according to the procedure described by
Shalam et al.™

Experimental methods

A total of 24 rats were divided into four groups with 6 rats

in each group. Body weight was checked for all groups on

day 1, day 7, and on day 12.

e  First group received dexamethasone alone in a dose of
8 mg/kg intraperitoneally for 6 days to induce metabolic
changes and considered as dexamethasone control.

e  Second group received cardamom powder suspension
in 2% gum acacia 1 g/kg/10 ml, oral, 6 days before, and
6 days during dexamethasone administration.

e Third group received pioglitazone 45 mg/kg orally,
6 days before dexamethasone, and 6 days during
dexamethasone administration.

Table 1: Study protocol

e Fourth group did not receive any medication and was
considered as normal control.

Rats were fasted overnight; blood was collected by
retro-orbital sinus puncture for fasting blood sugar, lipid
profile, and 2 h after a glucose load of 2 g/10 ml/kg IP
(postprandial blood sugar). Rats were sacrificed by cervical
dislocation. Liver was dissected out, liver weight, liver
volume were measured. Livers were stored in 10% formalin
and sent for histopathological analysis. The details of the
study method are given in Table 1.

Statistical analysis

Data management was done in excel after cleaning and
coding. Then the data were transferred to SPSS package
(SPSS Inc. Released 2008. SPSS Statistics for Windows,
Version 17.0. Chicago: SPSS Inc.) for analysis. The values
presented as mean + standard deviation. Independent t-test
was used to compare between two groups. ANOVA with
Scheftfe’s post-hoc test was done for multiple comparisons.
A value of P <0.01 was considered statistically significant.

RESULTS

Effect of cardamom on blood sugar levels in rats

The blood sugar levels of four groups are presented in
Table 2. An increase in blood sugar levels was seen in the
dexamethasone group as compared to the normal group.
A significant decrease in the fasting and postprandial
blood glucose levels was observed in the cardamom and
pioglitazone-treated groups as compared to dexamethasone
control group (P <0.01). The fasting blood glucose levels in
the cardamom-treated group was comparable to pioglitazone
group (P = 0.486). A corresponding significant decrease in
postprandial blood glucose levels was observed (P <0.01) in
the pioglitazone group as compared with cardamom group.

Effect of cardamom on lipids

The lipid profiles of four groups are presented in Table 2.
Anincrease in total cholesterol, triglycerides, and decrease
in HDL was seen in the dexamethasone group as compared

Group Day 1-12 (7 AM) Day 7-12 (7.30 AM) Day 11 Day 12 (8 AM)
Dexamethasone 10 ml/kg oral of Dexamethasone 8 mg/kg i.p. Overnight fast Blood drawn for FBS, lipid profile and PPBS
group 2% gum acacia (from 4 PM)  and rat was sacrificed, liver weight and

Normal control 10 ml/kg oral of

2% gum acacia

NS 2 ml/kg i.p.

Test drug
group

Cardamom suspension
1 g/kg/10 mL of

2% gum acacia

45 mg/10 mL of

2% gum acacia/kg
pioglitazone

Standard drug
group

Dexamethasone 8 mg/kg i.p.

Dexamethasone 8 mg/kg i.p.

volume measured and sent for histopathology
Blood drawn for FBS, lipid profile and PPBS
and rat was sacrificed, liver weight and
volume measured and sent for histopathology
Blood drawn for FBS, lipid profile and PPBS
and rat was sacrificed, liver weight and
volume measured and sent for histopathology
Blood drawn for FBS, lipid profile and PPBS
and rat was sacrificed, liver weight and
volume measured and sent for histopathology

Overnight fast
(from 4 PM)

Overnight fast
(from 4 PM)

Overnight fast
(from 4 PM)

FBS: Fasting blood sugar, PPBS: Postprandial blood sugar, i.p.: Intraperitoneally
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to the normal group. A significant decrease in the total
cholesterol and triglyceride, and increase in HDL levels was
observed in the cardamom and pioglitazone-treated groups
as compared to dexamethasone control group (P < 0.01).
The total cholesterol, triglyceride, and HDL levels in the
cardamom-treated group was comparable to pioglitazone
group (P =0.098, 0.154, and 0.312).

Effect of cardamom on liver weight and liver volume
The liver weight and liver volume of four groups are
presented in Table 3. An increase in the liver weight and
liver volume was seen in the dexamethasone group as
compared to the normal group. A significant decrease in
the liver weight and liver volume was observed in the
cardamom and pioglitazone-treated groups as compared
to dexamethasone control group (P <0.01). The liver weight
and liver volume in the cardamom-treated group were
comparable to pioglitazone group (P = 0.248, P = 0.095).

Effect of cardamom on body weight

The body weights of four groups are presented in Table 3.
There was a weight loss seen in the dexamethasone group as
compared to on day 12. A significantincrease in thebody weight
was observed in the cardamom- and pioglitazone-treated
groups as compared to dexamethasone control group
(P <0.01). The body weight in the cardamom-treated group
was comparable to pioglitazone group (P = 0.304).

Histopathological observations

As depicted in Figure 1, the Normal control group rats
showed normal hepatocytes. The dexamethasone-treated
group showed an increase in the size of hepatocytes,
cytoplasm is vesicular to clear. Fat deposition was observed.
The hepatocytes in rats treated with pioglitazone and
cardamom were smaller in size and had reduced fat
deposition compared to dexamethasone-treated group.

DISCUSSION

Cardamom (Elettaria cardamomum)ina dose of 3 gin 2 divided
doses per day over 3 months reduced systolic, diastolic and
mean blood pressure, increased fibrinolytic activity, and
enhanced antioxidant status in a study of newly diagnosed
individuals with primary hypertension of stage 1. In vitro
studies have demonstrated the anti-inflammatory and
immunomodulatory effects of cardamom.®! An in vitro
study of aqueous extract of cardamom on human platelets
showed a protective effect on platelet aggregation and lipid
peroxidation.” Cardamom is used along with chickpea and
barley as a traditional herbal medicine for the treatment
of diabetes.®! A US patent mentions the use of polyherbal
preparations containing cardamom for use in diabetes.”
These features made us to look for any beneficial effect on
glucocorticoid-induced metabolic syndrome.

Glucocorticoids are used in a broad spectrum of
anti-inflammatory and immunosuppressive therapies,
which include allergic and hematological disorders, and
renal, intestinal, liver, eye, and skin diseases. Rheumatic
diseases and bronchial asthma are the main indications
of long-term therapy with these hormones. In addition,
glucocorticoids are also used in the suppression of the
host-versus-graft or graft-versus-host reactions following
organ transplantation surgery.!"” Glucocorticoids, as
endogenous hormones and prevalent anti-inflammatory
and immunosuppressive drugs, have been reported to
induce Cushing’s syndrome, which is characterized by
central obesity and insulin resistance."! In addition,
chronic treatment with synthetic glucocorticoids like
dexamethasone has been associated with hyperinsulinemia
in both animal and human research!’>"! elevation of
11B- hydroxysteroid dehydrogenase type 1 (HSD1) and an
increased generation of cortisol from cortisone in skeletal

Table 2: Effect of cardamom on blood sugar levels and lipids in rats (n=6 per group)

Group FBS (mg/dL) PPBS (mg/dL) Total cholesterol (mg/dL) Triglycerides (mg/dL) HDL (mg/dL)
Normal control 89.63+2.81 109+3.96 90=5.31 68+1.71 40.67x2.74
Dexamethasone control ~ 216+6.878  315.37+14.265 190.33+£5.728 155.33+£4.320 17+2.07
Pioglitazone 111x£2.7278*  117.77%£2.422% 110.33+4.32° 87+1.788 37.78+2.648°
Cardamom 112+2.828%® 178+3.772° 116.54+4.32% 88+3.542 39+1.757%

Values are mean=+SD. 2P<0.01 versus dexamethasone control, ®P=0.342 versus pioglitazone-treated group, P<0.01 versus cardamom-treated group, %P=0.158,
0.149, 0.289 versus pioglitazone-treated group. FBS: Fasting blood sugar, PPBS: Postprandial blood sugar, HDL: High-density lipoproteins, SD: Standard deviation

Table 3: Effect of cardamom on liver weight, liver volume, and body weight in rats (n=6 per group)

Groups

Liver weight (g) Liver volume (ml) Body weight (g)
Day 7
255.38+2.813

255.17+x4.916

Day |
250.00+3.583
251.00x5.477

Day 12
263.68+3.162
178.33x£7.312

6.727+0.2641
12.800+0.3742

6.587+0.318
13.853+0.2944

Normal control

Dexamethasone control
Pioglitazone 8.137+0.2944° 7.746+0.4633° 249.00+7.0732 255.80+5.307¢2 236.17+6.5752
Cardamom 8.304+0.2608* 8.108+0.2828* 254.54+9.852% 248.67+9.331% 220.67+9.342%

Values are mean=SD. 2P<0.01 versus dexamethasone control, ®P=0.378, 0.095 versus pioglitazone-treated group, P=0.280 versus pioglitazone-treated group.
SD: Standard deviation
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Figure 1: Histopathological changes of rat liver tissue (H and E,
x40). (a) Hepatocytes in normal control group. (b) Hepatocytes
in dexa-treated group showing fat deposition pushing the nucleus
to the periphery. (c) Hepatocytes showing reduced fat deposition
in pioglitazone-treated rats. (d) Hepatocytes showing reduced fat
deposition in cardamom-treated rats

muscle and adipose tissuel™ have also been identified
in obese insulin-resistant humans, although plasma
concentration of cortisol is not above the normal range.
In transgenic mice, hepatic 118-HSD1 overexpression
shows a modest insulin resistance, dyslipidemia, and
hypertension, but no obesity.I""! The effects of selective
adipose overexpression are more pronounced, with these
animals demonstrating symptoms typically seen with the
metabolic syndrome.!"”]

Nonalcoholic fatty liver disease (NAFLD) is emerging as an
important cause of liver disease in India. Epidemiological
studies suggest the prevalence of NAFLD in around
9-32% of the general population in India with higher
prevalence in those with overweight or obesity and those
with diabetes or prediabetes. There is a high prevalence of
insulin resistance and nearly half of Indian patients with
NAFLD have evidence of full-blown metabolic syndrome.
Oxidative stress is involved in the pathogenesis of NAFLD/
nonalcoholic steatohepatitis (NASH).!"®!

Nonalcoholic fatty liver disease is considered as the
hepatic manifestation of the metabolic syndrome,
which is defined by the presence of central obesity,
insulin resistance, hyperlipidemia, hyperglycemia, and
hypertension.”l The release of fatty acids from dysfunctional
and insulin-resistant adipocytes results in lipotoxicity,
caused by the accumulation of triglyceride-derived toxic
metabolites in ectopic tissues (liver, muscle, pancreatic beta
cells) and subsequent activation of inflammatory pathways,
cellular dysfunction, and lipoapoptosis. The cross talk

between dysfunctional adipocytes and the liver involves
multiple cell populations, including macrophages and other
immune cells that in concert promote the development of
lipotoxic liver disease, a term that more accurately describes
the pathophysiology of NASH.

Metformin was first used in medical practice in the 1950s
and has been considered the first-line treatment of type 2
diabetes after receiving approval by the US Food and Drug
Administration in 1994. Metformin belongs to a class of
insulin sensitizer drugs and acts through reducing hepatic
glucose output, increasing insulin-stimulated glucose
uptake in peripheral tissue and stimulating fatty acid
oxidation in adipose tissue.”! Thiazolidinediones (TZDs)
are a class of oral anti-diabetic drugs that induce a nuclear
transcription factor, peroxisome proliferator-activated
receptor-y (PPAR-y), by binding selective ligands.? PPAR-y
is predominantly expressed in adipose tissue and leads
to decreased hepatic fat content and improves glycemic
control with insulin sensitivity. TZDs also increase plasma
adiponectin levels, activate AMP-activated protein kinase,
and induce fatty acid stimulation.” Rosiglitazone which
was used like pioglitazone as insulin sensitizing agent in
type 2 diabetes has been banned in several countries due to
its cardiovascular side effects.[)! Retrospective evaluations
have increasingly linked pioglitazone to a higher risk of
bladder cancer that appears to be time- and dose-dependent.
Pioglitazone remains a medication appropriate for
consideration in the management of T2DM; however,
clinicians and patients should weigh its risks compared
with alternatives, with a regular review of risks.!

Treatments that rescue the liver from lipotoxicity by
restoring adipose tissue insulin sensitivity (e.g., significant
weight loss, exercise, TZDs) or preventing activation of
inflammatory pathways and oxidative stress (i.e., Vitamin E,
TZDs) hold promise in the treatment of NAFLD, although
their long-term safety and efficacy remain to be established.*!
Pioglitazone reverses NASH and improves liver histology
by its effect of increasing adiponectin levels.*! Oxidative
stress is believed to play a key role in the pathogenesis of
NASH and other liver diseases. Vitamin E is currently the
most widely assessed antioxidant. Altered lipid metabolism
is thought to be central to the pathogenesis of liver injury
in NASH. Therefore, lipid-lowering drugs are attractive
therapeutic tools in the treatment of NAFLD.?

Present study is done to compare the effects of cardamom
with that of pioglitazone, on dexamethasone-induced
hyperglycemia, dyslipidemia, and hepatic steatosis.
Cardamom was as effective as pioglitazone in reducing
dyslipidemia, hepatic steatosis, and fasting hyperglycemia.
The antioxidant and hypolipidemic effects of cardamom
may be partially responsible for the beneficial effects. It is
concluded that the administration of cardamom or the use of
cardamom in diet might be useful in dyslipidemia, hepatic
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steatosis, and fasting hyperglycemia due to glucocorticoids
excess.
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