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Cardamom powder supplementation
prevents obesity, improves glucose
intolerance, inflammation and oxidative
stress in liver of high carbohydrate high fat
diet induced obese rats
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Abstract

Background: Cardamom is a well-known spice in Indian subcontinent, used in culinary and traditional medicine
practices since ancient times. The current investigation was untaken to evaluate the potential benefit of cardamom
powder supplementation in high carbohydrate high fat (HCHF) diet induced obese rats.

Method: Male Wistar rats (28 rats) were divided into four different groups such as Control, Control + cardamom, HCHF,
HCHF + cardamom. High carbohydrate and high fat (HCHF) diet was prepared in our laboratory. Oral glucose tolerance
test, organs wet weight measurements and oxidative stress parameters analysis as well as liver marker enzymes such as
alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) activities were assayed on
the tissues collected from the rats. Plasma lipids profiles were also measured in all groups of animals. Moreover,
histological staining was also performed to evaluate inflammatory cells infiltration and fibrosis in liver.

Results: The current investigation showed that, HCHF diet feeding in rats developed glucose intolerance and
increased peritoneal fat deposition compared to control rats. Cardamom powder supplementation improved the
glucose intolerance significantly (p > 0.05) and prevented the abdominal fat deposition in HCHF diet fed rats. HCHF diet
feeding in rats also developed dyslipidemia, increased fat deposition and inflammation in liver compared to control rats.
Cardamom powder supplementation significantly prevented the rise of lipid parameters (p > 0.05) in HCHF diet fed rats.
Histological assessments confirmed that HCHF diet increased the fat deposition and inflammatory cells infiltration in liver
which was normalized by cardamom powder supplementation in HCHF diet fed rats. Furthermore, HCHF diet increased
lipid peroxidation, decreased antioxidant enzymes activities and increased advanced protein oxidation product level
significantly (p > 0.05) both in plasma and liver tissue which were modulated by cardamom powder supplementation
in HCHF diet fed rats. HCHF diet feeding in rats also increased the ALT, AST and ALP enzyme activities in plasma which
were also normalized by cardamom powder supplementation in HCHF diet fed rats. Moreover, cardamom powder
supplementation ameliorated the fibrosis in liver of HCHF diet fed rats.

Conclusion: This study suggests that, cardamom powder supplementation can prevent dyslipidemia, oxidative stress
and hepatic damage in HCHF diet fed rats.
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Background
Now a day, obesity is a notable life threatening disease
which is associated with the prevalence of metabolic
syndrome including central obesity, insulin resistance,
impaired glucose tolerance, diabetes, hypertension, and
dyslipidemia [1, 2]. According to various studies, the
most common causes of obesity is excess dietary energy
intake [3]. Other causes of this metabolic imbalance are
western style diet, high fat and sugar, together with a
sedentary lifestyle. When energy intake exceeds energy
expenditure, excessive cellular lipid accumulation occurs
not only in adipose tissue but also in ectopic tissues such
as liver [4]. Excessive ectopic lipid deposition often dis-
rupts normal cellular and physiological function, which
if allowed to proceed unchecked, will lead to pathological
progression [5]. With the progress of obesity, increased
hepatic lipogenesis and serum fatty acid lead to excess
accumulation of liver lipid which result in fatty liver,
impaired liver function, and eventually liver failure [6].
Plant phenolics showed proven lipid lowering effect in

experimental animal and clinical setup which are
recently reviewed by Scicchitano et al. [7]. An important
nutraceutical antioxidants quercetin showed reduction
of oxidative stress, maintained blood glutathione redox
ratio, preserved vascular function in male ICR mice [8].
Another antioxidant compound resveratrol which can be
found in grape seeds, showed lipid lowering effect and
lowered TC and LDL-C and increased HDL-C than
HFD group in Male C57BL/6 J mice [9]. Resveratrol
treatment also reduced the hepatic cholesterol accumu-
lation than HFD group [9].
Likewise, plant sterols, grape seed proanthocyanidine,

anthocyanins, soy protein and probiotics also showed
beneficial lipid lowering effects [7].
Generally, spices are used to increase the flavor of

foods. But spices may also be useful as medicinal agents
which can enhance the immune system of our body and
decrease the chances of occurring various life threaten-
ing diseases. In particular, spices may decrease metabolic
syndrome, obesity, hypertension, diabetes and non-alco-
holic fatty liver disease [10, 11]. Cardamom (Elettaria car-
damomum Maton (family; Scitaminaceae)) is a perennial
herb, indigenous to India, Pakistan, Burma and Bangladesh,
locally known as “elaichi”. It is also used in culinary and
traditional medicine practices. Cardamom is a good source
of volatile oils, fixed oils, phenolic acids and sterols [12].
Phytochemical studies revealed the presence of multiple
chemicals, such as α-terpineol, myrcene, heptane, subinene,
limonene, cineol, α-phellandrene, menthone, α-pinene, β-
pinene, β-sitostenone, γ-sitosterol, phytol, eugenyl acetate
[13]. In folkloric medicine, cardamom is used as carmina-
tive, stomachic, diuretic, antibacterial, antiviral, antifungal
and is considered useful in treatment of constipation, colic,
diarrhea, dyspepsia, vomiting, headache, epilepsy and

cardiovascular diseases [14]. Volatile oils in cardamom
was found to exhibit analgesic, anti-inflammatory, anti-
microbial and antispasmodic properties [15, 16]. More-
over, cardamom fruit is used against cardiac disorders,
renal and vesicular calculi, dyspepsia, debility, anorexia,
asthma, bronchitis, halitosis and gastrointestinal disor-
ders [17]. Cardamom also possesses antioxidant, anti-
hypertensive, gastro protective, and antispasmodic,
antibacterial, antiplatelet aggregation and anticancer
properties [18]. Considering all above reports, the
current investigation was undertaken to evaluate the
potential benefit of cardamom powder supplementation
in high carbohydrate high fat (HCHF) diet induced
obese rats.

Methods
Chemicals
The beef tallow used as high fat source was obtained from
the local beef market and processed well by heating to
solidify it for using in HCHF formulation. Thiobarbituric
acid (TBA) was purchased from Sigma Chemical Com-
pany (USA). Reduced glutathione (GSH) was obtained
from J.I. Baker (USA). Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), Triglyceride liquid, Cholesterol (total) liquid and
LDL assay kits were purchased from DCI diagnostics
(Budapest, Hungary). All other chemicals and reagents
used were of analytical grade.

Plant material
Cardamom was collected from the local market of
Dhaka, Bangladesh. Then it was grinded in a grinder
machine to get coarse powder to be used as supplemen-
tation with diet.

HPLC detection and quantification of polyphenolic
compounds
Detection and quantification of selected phenolic com-
pounds in the ethanol extract were determined by
HPLC-DAD analysis as described by [19]. It was carried
out on a Dionex UltiMate 3000 system equipped with
quaternary rapid separation pump (LPG-3400RS) and
photodiode array detector (DAD-3000RS). Separation
was performed using Acclaim® C18 (5 μm) Dionex
column (4.6 × 250 mm) at 30 °C with a flow rate of
1 ml/min and an injection volume of 20 μl. The mobile
phase consisted of acetonitrile (solvent A), acetic acid
solution pH 3.0 (solvent B), and methanol (solvent C)
with the gradient elution program of 5%A/95%B
(0-5 min), 10%A/90%B (6-9), 15%A/75%B/10%C (11-15),
20%A/65%B/15%C (16-19 min), 30%A/50%B/20%C
(20-29 min), 40%A/30%B/30%C (30-35) and 100%A
(36-40 min). The UV detector was set to 280 nm for
22.0 min, changed to 320 nm for 28.0 min, again change
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to 280 nm for 35 min and finally to 380 nm for 36 min
and held for the rest of the analysis period while the
diode array detector was set at an acquisition range from
200 nm to 700 nm. For the preparation of calibration
curve, a standard stock solution was prepared in metha-
nol containing arbutin (AR), (−)-epicatechin (ECA)
(5 μg/ml each), gallic acid (GA), hydroquinone (HQ),
vanillic acid (VA), rosmarinic acid (RA), myricetin (MC)
(4 μg/ml each), caffeic acid (CA), Syringic acid (SA),
vanillin (VL), trans-ferulic acid (FA) (3 μg/ml each),
p-coumaric acid (PCA), quercetin (QU), kaempferol
(KF) (2 μg/ml each), (+)-catechin hydrate (CH), ellagic
acid (EA) (10 μg/ml each), trans-cinnamic acid (TCA)
(1 μg/ml), rutin hydrate (RH) (6 μg/ml) and benzoic acid
(BA) (8 μg/ml). A solution of the extract was prepared
in ethanol having the concentration of 10 mg/ml. Prior
to HPLC analysis, all the solutions (mixed standards,
sample and spiked solutions) were filtered through
0.20 μm syringe filter (Sartorius, Germany) and then
degassed in an ultrasonic bath (Hwashin, Korea) for
15 min. Data acquisition, peak integration and calibra-
tions were calculated with Dionex Chromeleon software
(Version 6.80 RS 10).

Animals and treatment
All experimental protocols were approved by the Ethical
Committee of North South University for animal care
and experimentation. The experimental group consisting
of 28 Wistar male rats (10 to 12 weeks old, 185-200 g)
were obtained from Animal production unit of Animal
House at Department of Pharmaceutical Sciences, North
South University and kept in individual cages at
temperature controlled room (22 ± 3 °C), humidity
55%with a 12 h dark/light cycles environment having
free access to standard laboratory feed and water. To
study the effects of high carbohydrate high fat diet and
its attenuation by supplementation of cardamom, rats
were randomly divided into four experimental groups
(n = 7 each), such as

a) Control (group I), received normal water and chow
food (crashed as powder) for 8 weeks.

b) Control + Cardamom (group II), received normal
water and chow food (crashed as powder) with
cardamom (1% of powder chow diet, w/w) for
8 weeks.

c) HCHF (Group III), HCHF diet for 8 weeks.
d) HCHF+ Cardamom (Group IV). HCHF diet with

cardamom (1% of HCHF diet, w/w) for 8 weeks.

HCHF diet was prepared in our laboratory in pellet
forms (Table 1). To assess the glycemic activity before
and after the HCHF feeding, OGTT was performed for
all four groups before and after finishing of treatment.

Measurements of body weight, food and water intakes
were recorded daily. After 56 days, all animals were
weighed and sacrificed by using high dose of pentobar-
bital anaesthesia (90 mg/kg) injection in peritoneal
region. The blood was collected from abdominal aorta
and placed into heparinized tubes at 4 °C. Blood samples
were centrifuged at 8000 rpm, 4 °C for 15 min within
30 min of collection to separate the plasma. Separated
plasma was transferred to eppendorf tubes and stored at
−20 °C for further analysis.
Moreover, all other internal organs like adipose tissues,

heart, kidney, spleen and liver were also immediately
collected from euthanized animals; they were also
weighed and stored in neutral buffered formalin
(pH 7.4) for histological analysis and in refrigerator at
−20 °C for further biochemical studies.

Oral glucose tolerance test
At the end of the feeding protocol, rats were kept
starved overnight (12 h) and an oral glucose tolerance
test was performed. Normal water was supplied during
the food deprivation period. Basal blood glucose concen-
trations were measured in blood taken from the tail vein
using glucometer (Bionim Corporation, Bedford, MA,
USA). The rats were administered 2 g/kg body weight of
glucose as a 40% aqueous solution via oral gavage. Tail
vein blood samples were taken at 30, 60, 90 and 120 min
following glucose administration.

Plasma biochemistry
Blood was centrifuged at 8000 rpm for 15 min within
30 min of collection into heparinized tubes. Plasma was
separated and transferred to Eppendorf tubes for storage

Table 1 Composition of normal and high carbohydrate high fat
diet used in this study (for 100 g)

Ingredients of
Normal lab diet

% Ingredients of HCHF diet %

Wheat 40% Powdered normal rat feed 15.5%

Wheat bran 20% Sugar 17.5%

Rice Polishing 5.5% Beef tallow (fat) 20.0%

Fish meal 10.0% Condensed milk 39.5%

Oil cake 6.0% Vit-B complex 0.1%

Gram 0.39% Salt 0.5%

Pulses 0.39% Water 100 ml

Milk 0.38%

Soybean Oil 1.5%

Molasses 0.095%

Salt 0.095%

Embavit (vitamin) 0.1%

Normal chow diet contained as percentage of calories 14% proteins, 57%
carbohydrates, 13.5% fat. High Carbohydrate high fat diets contained as
percentage of calories 14% proteins, 37% carbohydrates, 48% fat
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at −20°c before analysis. Plasma concentrations of total
cholesterol, triglycerides, LDL, HDL and activities of
plasma alanine transaminase (ALT), aspartate transamin-
ase (AST) and alkaline phosphatase (ALP) were deter-
mined using kits supplied by Diatec diagnostic kits
(Hungary) according to manufacturer-provided stan-
dards and protocols. Plasma insulin was estimated using
Diatec diagnostic kits (Hungary) according to the manu-
facturer’s protocol.

Preparation of tissue samples and assay of oxidative
stress markers
For determination of oxidative stress markers, liver
tissue was homogenized in 10 volumes of Phosphate
buffer containing (pH 7.4) and centrifuged at 8000 rpm
for 15 min at 4 °C. The supernatant was collected and
used for the determination of protein and enzymatic
studies as described below.
Lipid peroxidation in liver was estimated calorimetrically

measuring thiobarbituric acid reactive substances (TBARS)
followed by previously described method [20]. The absorb-
ance of clear supernatant was measured against reference
blank at 535 nm. Nitric oxide (NO) was determined ac-
cording to the method described by Tracey et al. as nitrate
[21]. The absorbance of the final solution was measured at
540 nm against the corresponding blank solutions. NO
level was measure by using standard curve and expressed
as nmol/g of tissue. Determination of APOP levels was per-
formed by modification of the method of Witko-Sarsat et
al. [22] and Tiwari et al. [23]. The chloramine-T 7 absorb-
ance at 340 nm was found linear within the range of 0 to
100 nmol/mL, AOPP concentrations were expressed as
nmol·mL − 1 chloramine-T equivalents.

Antioxidant enzyme activities such as catalase activity
assay (CAT), superoxide dismutase (SOD) activity assay
and reduced glutathione assay (GSH)
CAT activities were determined using previously
described method by Chance and Maehly [24] with some
modifications. Changes in absorbance of the reaction so-
lution at 240 nm were determined after 1 min. One unit
of CAT activity was defined as an absorbance change of
0.01 as units/min. SOD was assayed in plasma and tissue
homogenates by using previously described method [25].
Changes in absorbance were recorded at 480 nm for 1
min at 15 s interval. Control consisting of all the ingre-
dients, except enzyme preparation, was run simultan-
eously. One unit of enzyme activity has been defined to
cause 50% inhibition of auto-oxidation of epinephrine
present in the assay system. Reduced glutathione was
estimated by the method of Jollow et al. [26]. The yellow
color of the mixture was developed, read immediately at
412 nm on a Smart SpecTM plus Spectrophotometer
and expressed as ng/mg protein.

Estimation of myeloperoxidase (MPO) activity
MPO activity was determined by a dianisidine-
H2O2method [27], modified for 96-well plates. Briefly,
plasma samples (10 μg protein) were added in triplicate
to 0.53 mM o-dianisidine dihydrochloride (Sigma) and
0.15 mM H2O2 in 50 mM potassium phosphate buffer
(pH 6.0). The change in absorbance was measured at
460 nm. Results were expressed as units of MPO/mg
protein.

Histopathalogical determination
For microscopic evaluation liver tissues were fixed in neu-
tral buffered formalin and embedded in paraffin, sectioned
at 5 μm and subsequently stained with hematoxylin/eosin
to see the architecture of hepatic tissue and inflammatory
cell infiltration. Sirius red staining for fibrosis and Prussian
blue staining for iron deposition were also done in liver sec-
tions. Sections were then studied and photographed under
light microscope (Zeiss Axioscope) at 40X magnifications.

Statistical analysis
All values are expressed as mean ± standard error of
mean (SEM). The results were evaluated by using the
One-way ANOVA followed by Newman- Keuls post hoc
test using Graph Pad Prism Software. Statistical signifi-
cance was considered at p < 0.05 in all cases.

Results
Analysis of ethanol extract of cardamom by HPLC-DAD
Identification and quantification of individual polyphenolic
compounds in the ethanol extract of Cardamom were ana-
lysed by HPLC. The chromatographic separations of poly-
phenols in ethanol extract are shown in Fig. 1. The content
of each phenolic compound was calculated from the corre-
sponding calibration curve and presented as the mean of
five determinations as shown in Tables 1 and 2. According
to our HPLC analysis, we found that ethanol extract of car-
damom consists of (−)-epicatechin, vanillin, p-coumaric
acid, trans-ferulic acid, ellagic acid. This HPLC procedure
provided excellent identification and quantification of these
phenolic compounds presented in the ethanol extract of
Cardamom within a short analysis time (40 min).

Effect on body weight, food and water intake
The body weight, food intake and water intake of each rat
was noted every day during the experimental period. In
the Fig. 2 and Table 3, the change of body weight, food
intake and water intake at the time of study are shown.
Significant body weight gain was found in HCHF rats
compared to the control rats (Fig. 2a). Cardamom powder
supplementation showed decreased body weight gain in
comparison to HCHF diet fed rats but the changes were
not significant. No significant difference of food and water
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intake were also observed among the four groups of ani-
mals tested in this study (Fig. 2b and c).

Effect of cardamom powder on oral glucose tolerance
test
The results of oral glucose tolerance test (OGTT) of the
control and experimental obese rats are shown in Fig. 3.
OGTT test in rats at the beginning of the study did not
produced any significant changes among the groups
tested (Fig. 3a). However, post treatment OGTT test
revealed that, in normal control rats, maximum eleva-
tion in blood glucose level was observed at 60 min after
glucose load and declined to near basal level at 120 min,
whereas, in HCHF-induced obese rats, the peak increase
in blood glucose level was noticed even after 60 min and
remained high over the next 60 min (Fig. 3b). Interest-
ingly, supplementation of cardamom powder to obese
rats elicited a significant decrease in blood glucose level
at 60 min and beyond when compared with HCHF diet
fed rats (Fig. 3b). The AUC of OGTT at the beginning of

the study did not show any changes among the groups
studied (Fig. 3c). The AUC of OGTT at the end of the
study in HCHF diet fed rats significantly increased com-
pared to control rats which was further normalized by
cardamom treatment (Fig. 3d).

Effect on organ wet weight
In the Table 3, the effect of various treatments on the
rats organ wet weights are shown. In comparison to the
control group, the liver wet weight was not changed sig-
nificantly in the HCHF diet fed rats. Cardamom powder
(1% w/w of diet) supplementation, however, significantly
(p < 0.05) decreased the wet weight of the liver in the
HCHF-diet fed rats. HCHF diet fed rats also showed no
changes in heart and pancreas wet weights compared to
control rats; however, cardamom powder supplementa-
tion did not affect any of these wet weights in rats.

Effect of cardamom powder supplementation on
accumulations of fat
A very interesting result was observed in the case of fat
accumulation on feeding of HCHF diet particularly in
HCHF diet fed rats. Vivid differences in fat pad depos-
ition levels were observed in terms of peritoneal fat
tissues (Table 3). The wet weights of peritoneal, adipose
fat pads were markedly increased in HCHF-fed groups
compared to control rats. Cardamom powder supple-
mentation reduced the wet weight of peritoneal fat pad
wet weights considerably (Table 3). HCHF diet or carda-
mom powder supplementation showed no effect on
mesenteric and epididymal fat deposition among the
groups studied (Table 3).

Fig. 1 HPLC chromatogram of ethanol extract of Cardamom Peaks: 1, (−)-epicatechin (ECA); 2, vanillin (VL); 3, p-coumaric acid (PCA); 4, trans-ferulic
acid (FA); 5, ellagic acid (EA)

Table 2 Contents of polyphenolic compounds in the ethanol
extract of cardamom (n = 5)

Polyphenolic
compound

Ethanol extract of cardamom

Content (mg/100 g of dry extract) % RSD

ECA 56.28 1.39

VL 2.17 0.05

PCA 4.06 0.08

FA 14.93 0.46

EA 9.88 0.12

ECA, (−) epicatechin; VL, vanillin; PCA, p-coumaric acid; FA, Ferulic acid; EA,
Ellagic acid
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Effect of cardamom powder supplementation on
cholesterol and triglyceride level
Table 4 shows the plasma concentration of cholesterol
and triglyceride in all groups of rats. Cholesterol and
triglyceride concentrations were significantly increased
in HCHF diet fed rats compare to control group. Carda-
mom powder supplementation signifiantly reduced
cholesterol and triglyceride concentration in HCHF diet
fed rats. Moreover, LDL cholestrarol level was also in-
creased in HCHF diet fed animals compared to control
rats, which was further lowered by cardamom powder
supplementation (Table 4). However, HDL concentra-
tions were increased in HCHF and control diet fed
groups supplemented with cardamom powder (Table 4).
Cardamom powder supplementation in control rats did
not alter any other (Cholesterol, tryglyceride and LDL)
lipid parameters in this study.

Serum ALT, AST and ALP activities
HCHF diet feeding in rat significantly increased the liver
marker enzymes such as ALP, ALT and AST activities

compared to the control rats. Supplementation with car-
damom powder (1% cardamon) significantly decreases
the ALP, ALT and AST enzymatic activities and amelio-
rates the function of liver. ALP, ALT and AST enzymatic
activities are given in Table 4.

Evaluation of plasma and liver oxidative stress markers
To assess the oxidative stress condition, MDA, NO and
APOP concentrations were measured in plasma and liver.
Lipid peroxidation was evaluated by measuring malondial-
dehyde (MDA) formation. MDA concentration in plasma
and liver was significantly elevated in HCHF treated rats
compared to the control rats (Table 4). On the contrary,
Cardamom supplementation (1% cardamon) in HCHF diet
fed rats significantly (p < 0.05) reduces the MDA concen-
tration in plasma and liver. Advanced protein oxidation
products (APOP) was also increased in HCHF diet fed rats
compared to control. Supplementation with cardamom in
rats exhibited significant decreases in APOP concentration
in both plasma and liver (Table 4). Nitric oxide was also
measured for the determination of oxidative stress in

Fig. 2 Effect of Cardamom Powder supplementation on body weight (a), food (b) and water (c) intake in high fat diet induced obese rats. Values
are presented as mean ± SEM. n = 7

Table 3 Effects of HCHF diet on body weight, food and water intake and organ weight

Parameters Control Control + Cardamom HCHF HCHFF+ Cardamom

Initial body weight (g) 194.25 ± 1.68 197.23 ± 2.95 195.18 ± 1.31 195.55 ± 3.39

Final body weight (g) 220.68 ± 7.14 230.83 ± 3.65 266.40±4.33 258.15 ± 1.58

Food intake /d (g) 14.60 ± 0.70 15.92 ± 0.74 14.81 ± 0.28 12.93 ± 1.55

Water intake/ d(g) 19.53 ± 0.85 18.14 ± 1.71 15.00 ± 1.00 15.76 ± 0.78

Calorie Intake (kj/day) 307.6 ± 7.3a 305.1 ± 3.5a 412.9 ± 7.5b 385.3 ± 6.0b,c

Liver wet weight (g/ 100 g of body weight) 3.51 ± 0.05 2.74 ± 0.23 3.63 ± 0.09 2.70 ± 0.06

Heart wet weight
(g/ 100 g of body weight)

0.28 ± 0.01 0.26 ± .00 0.30 ± 0.01 0.27 ± 0.01

Pancreas wet weight
(g/ 100 g of body weight)

0.32 ± 0.01 0.37 ± 0.02 0.34 ± 0.02 0.34 ± 0.03

Fat deposition

Paritoneal fat (g/ 100 g of body weight) 1.12 ± 0.12a 0.91 ± 0.08a 2.37 ± 0.16b 1.65 ± 0.15a

Epididymal fat (g/ 100 g of body weight) 0.91 ± 0.08 1.05 ± 0.15 1.14 ± 0.09 1.06 ± 0.09

Mesenteric (g/ 100 g of body weight) 0.69 ± 0.19 0.45 ± 0.07 0.63 ± 0.09 0.83 ± 0.07

Values are presented as mean ± SEM. n = 7. One way ANOVA followed by Newman-Keuls post hoc test were done for statistical comparison. Values are considered
significance at p < 0.05. a vs b, control vs HCHF or HCHF vs tretment which are different at p < 0.05
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plasma and liver. Level of nitric oxide in HCHF diet fed
rats was increased whereas decreased level was exhibited
by the cardamom supplementation in rats.

Antioxidant enzymes and glutathione status
Catalase, SOD and GSH are cellular antioxidants which
reduce the oxidative stress. Activity of catalase was
significantly depleted in HCHF diet fed rats compared to
control whereas catalase activity was significantly
increased in rats supplemented with cardamom (1% car-
damon) in both plasma and liver. Another antioxidant
enzyme is SOD (Superoxide dismutase) which also
showed significant depletion in HCHF diet fed rats com-
pared to the control rats. Cardamom supplementation in
rats restores the level of SOD significantly and improves
the condition of plasma and liver (Table 4). Glutathione
(GSH) concentration was also depleted in both liver and
plasma of HCHF diet fed rats compared to the control

rats (Table 4). On the other hand, cardamom supple-
mentation in rats demonstrated significant increase in
the level of GSH in liver.

Effect of cardamom powder on hepatic inflammatory cells
infiltration and fibrosis in HCHF diet rats
H and E staining analysis of the liver of control and
cardamom supplemented control diet fed rats showed
normal architecture of hepatocytes (Fig. 4a and b). How-
ever, the liver of HCHF diet feed rats showed marked
vacuolar degeneration indicating hepatic fat accumula-
tion (Fig. 4c and e). The HCHF diet fed rats also showed
greater infiltration by inflammatory cells (Fig. 4d) as well
as increased interstitial collagen deposition in liver
(Fig. 5c) compared to Control (Fig. 5a) rats. Carda-
mom supplementation (1% of powder chow diet)
markedly reduced inflammation (Fig. 4f ) and collagen
deposition (Fig. 5d) in HCHF diet fed rats whereas

Fig. 3 Effect of Cardamom powder supplementation on body weight, oral glucose tolerance test (OGTT) before and after the high fat high
carbohydrate diet feeding in rats. Values are presented as mean ± SEM, n = 7. One way ANOVA followed by Newman-Keuls post hoc test were
done for statistical comparison. Values are considered significance at p < 0.05. a OGTT before tretment. b OGTT after tretment. c OGTT AUC BF.
d OGTT AUC AF
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Table 4 Effects of fat diets on biochemical parameters in plasma and liver

Control Control + Cardamom HCHF HCHFF+ Cardamom

Plasma

AST(U/L) 28.71 ± 3.63a 22.97 ± 3.63a 57.42 ± 6.58b 30.15 ± 1.93a

ALT(U/L) 34.45 ± 4.45a 35.89 ± 2.65a 57.42 ± 1.82b 40.20 ± 3.63a

ALP(U/L) 60.67 ± 3.36a 50.38 ± 5.38a 102.19 ± 5.69b 47.49 ± 1.46a

MDA(nmol/mL) 29.10 ± 2.06a 27.61 ± 2.49a 54.43 ± 2.12b 20.48 ± 1.14a

NO(nmol/mL) 8.44 ± 0.66a 9.77 ± 1.28a 17.36 ± 1.34b 8.87 ± 0.47a

APOP 268.81 ± 23.38a 185.08 ± 14.99a 570.40 ± 42.42b 148.17 ± 11.25a

Catalase(U/min) 19.67 ± 3.41a 16.17 ± 1.68a 8.83 ± 0.87b 14.50 ± 1.80a

GSH (μg/mg protein) 23.33 ± 1.74a 29.01 ± 1.40a 14.40 ± 0.38b 26.02 ± 0.58a

SOD (U/L) 43.47 ± 3.55a 51.86 ± 8.19a 15.34 ± 2.33b 44.32 ± 7.73a

Cholesterol(mg/dL) 155.18 ± 8.31a 163.03 ± 4.04a 290.25 ± 19.47b 183.70 ± 5.24a

Triglycerides(mg/dL) 196.75 ± 8.31a 160.3 ± 5.1a 316.89 ± 22.31b 169.32 ± 13.44a

HDL (mg/dL) 41.14 ± 0.97a 66.66 ± 4.51b,c 54.56 ± 2.79b 66.44 ± 3.05b,c

LDL (mg/dL) 74.69 ± 8.12a 64.30 ± 4.64a 172.31 ± 20.35b 83.40 ± 3.97a

Liver

MDA(nmol/g tissue) 89.41 ± 4.73a 101.85 ± 7.17a 146.21 ± 8.82b 117.49 ± 8.16a

NO(nmol/g tissue) 25.68 ± 1.98a 32.79 ± 5.51a 84.87 ± 10.8b 40.91 ± 3.63a

APOP 583.65 ± 51.80a 489.21 ± 20.88a 1384.44 ± 84.44b 420.95 ± 82.05a

Catalase(U/min) 25.00 ± 4.28a 20.00 ± 2.58a 10.83 ± 1.54b 22.50 ± 4.43a

GSH(μg/mg protien) 29.48 ± 2.37a 29.01 ± 1.40a 11.09 ± 0.40b 26.02 ± 0.58a

SOD (U/g tissue) 42.95 ± 6.74a 43.85 ± 4.21a 17.71 ± 1.80b 41.90 ± 6.44a

MPO (U/ g tissue) 0.35 ± 0.06a 0.44 ± 0.05a 1.37 ± 0.08b 0.93 ± 0.16a

Values are presented as mean ± SEM. n = 7. One way ANOVA followed by Newman-Keuls post hoc test were done for statistical comparison. Values are considered
significance at p < 0.05. a vs b, control vs HCHF or HCHF vs tretment which are different at p < 0.05

Fig. 4 Effect of cardamom powder on hepatic inflammatory cells infiltration in HCHF diet rats. a Control, (b) Control + Cardamom; (c) HCHF
(10× magnification); (d) HCHF, inflammatory cells infiltration, (e) HCHF (fat droplet deposition) and (f) HCHF + Cardamom. Magnifications 40X
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Cardamom supplementation in control rats did not show
any alteration compared to control rats. Moreover,
free iron deposition was found in liver section of
HCHF diet fed rats compared to control rats (Fig. 6c)
which was further ameliorated by cardamom powder
supplementation (Fig. 6d).

Discussion
Obesity is a global health concern because of the ever
increasing rates over the last three decades worldwide.
Obesity is also related with nonalcoholic fatty liver
disease (NAFLD). It increases the triglyceride content in
human body that causes steatosis, associated with in-
flammation and fibrosis i.e. steatohepatitis. Moreover,
the presence of NAFLD is associated with a high risk of
developing type 2 diabetes mellitus, hypertension as well
as dyslipidemia [28, 29]. In this current study, high
carbohydrate high fat (HCHF) diet fed rats showed
development of metabolic syndrome, hyperlipidemia,
glucose intolerance and central obesity which were fur-
ther ameliorated by cardamom powder supplementation.
This study also showed that high fat diet feeding in rats

developed glucose intolerance compared to the control
rats. This finding is in agreement with previously
published work showed that HCHF diet fed rats develops
glucose intolerance and insulin resistance [30, 31]. Several
mechanisms have been suggested for the development of
glucose intolerance and insulin resistance in high fat diet
induced obesity. Oxidative stress in adipose tissue is one
of the early events in the development of metabolic

syndrome in obesity [32]. Oxidative stress is known to
impair both insulin secretion by pancreatic β cells, and
glucose transport in muscle and adipose tissue [33–35].
Our investigation also revealed that HCHF diet feeding in
rats increased the oxidative stress parameters both in
plasma and tissues followed by a decrease in cellular anti-
oxidant capacities. Moreover, cardamom supplementation
in HCHF diet fed rats improves the glucose metabolism
and prevented the rise of oxidative stresses. These findings
are also supported by previously published works showed
that cardamom improved hyperglycemia, glucose intoler-
ance and insulin resistance in rats [36, 37].
HCHF diet induced hyperlipidemia in the animals, as

confirmed by the higher serum lipid profile compared
with rats fed a control chow diet [38]. This study
revealed that cardamom supplementation was able to
reduce the cholesterol which was increased by HCHF
diet. Previous report suggests that cardamom can pre-
vent the rise of cholesterol level in plasma due to high
fat diet feeding in rats [36]. The increase in cholesterol
may potentially enhance the risk of fatty liver diseases
[39]. In this study, HCHF diet feeding in rats increased
the fat accumulation and increased lipid peroxidation in
liver of rats and raised the liver wet weight. Moreover,
increased activities of plasma ALT, AST and ALP en-
zymes were also observed in HCHF diet fed rats. Oxidative
stress mediated tissue damage in liver may increase the
liver markers enzyme activities in plasma. It mainly
happens when there is any damage or deterioration in
liver, damage to the liver increase the leaking of ALT and

Fig. 5 Effect of cardamom powder on hepatic fibrosis in HCHF diet rats. a Control, (b) Control + Cardamom; (c) HCHF; (d) HCHF + Cardamom.
Magnifications 40X

Fig. 6 Effect of cardamom powder on hepatic iron deposition (blue deposits) in HCHF diet rats. a Control, (b) Control + Cardamom; (c) HCHF; (d)
HCHF + Cardamom. Magnifications 40X
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AST into the blood stream. Cardamom improved liver
function since it normalized the liver wet weight and also
normalize plasma activities of ALT, AST and ALP [40].
Similarly, improved hepatic function was measured with
cardamom extract in alcohol-induced liver damage [41].
Oxidative stress is a major cause of different complica-

tions originating from obesity [42]. It is found that
concentration of MDA, NO and APOP which are indices
of oxidative stress were significantly elevated in liver of
HCHF administered rats, and treatment with cardamom
reduces these marker compare with HCHF rats. The level
of antioxidant enzymes like catalase, and SOD activities
and GSH concentration in the liver of HCHF diet fed rats
were seen significantly lower than control group which
signifies that obesity has reduced the antioxidant capacity
of the liver cells [35, 43]. Cardamom supplementation
restored these enzymes activities in HCHF diet fed rats,
which indicates that cardamom improve the antioxidant
capacity by increasing antioxidant enzymes.
HCHF diet induced liver dysfunction in this model is

associated with oxidative stress, inflammatory cells infil-
tration and fibrosis as seen in biochemical and histo-
logical examinations. Day and colleagues presented an
important theoretical framework more than a decade
ago, termed the “two-hit hypothesis,” which suggests
that after an initial hit (i.e., hepatic steatosis), the second
hit (i.e., inflammation) is needed to develop non-
alcoholic fatty liver diseases [44]. Hepatocytes possess an
integrated system of enzymatic and non-enzymatic anti-
oxidant defenses to remove or neutralize ROS. However,
sudden increase in saturated fatty acid inflow in the liver
increased the ROS production and destabilized the anti-
oxidant defense mechanism as discussed before [45, 46].
It is now evident that ROS may stimulate hepatic stellate
cells and emphasize the production of type I collagen,
therefore increasing extracellular matrix deposition
during fibrogenesis [47]. Moreover, the local macro-
phages which are also known as Kupffer cells can recruit
monocytes in the injured area of liver and have cross
talk between HSCs [48, 49]. In this study, high fat diet
feeding in rats showed massive recruitment of inflamma-
tory cells in the liver followed by increased in extracellu-
lar matrix deposition supports the notion of hepatic
injury. Cardamom supplementation prevented the
recruitment of inflammatory cells and extracellular
matrix deposition in the liver of HCHF diet fed rats. The
protective effect is mediated due to the restoration of
antioxidant capacity and lipid lowering effect of carda-
mom supplementation [36].
In this study cardamom is used to prevent obesity

related metabolic syndrome. Cardamom contains good
amounts of phenolic and flavonoid components that may
have biological activity [50]. HPLC analysis showed that
ethanol extract of cardamom consists of (−)-epicatechin,

vanillin, p-coumaric acid, trans-ferulic acid, ellagic acid
which have highly anti inflamatory and antioxidant activ-
ities. According to the literature review of cardamom, the
major constituents of cardamom are α-terpinyl acetate,
α-terpineol, 1,8-cineole and limonene, which have poten-
tial effects in metabolic syndrome as these terpenes
reduced blood pressure in normotensive rats and also
showed endothelium dependent vasorelaxation in male
Wistar rats [12]. However, this previous report ignored
the potential role of phenolic antioxidants present in car-
damom. Our report suggests that a synergistic effect could
be possible due to the presence of wide range of bioactive
components present in cardamom powder.

Conclusion
The current investigation showed beneficial role of car-
damom powder supplementation in high carbohydrate
high fat (HCHF) diet induced obese rats. Cardamom
powder supplementation lowered the rise of total choles-
terol and triglyceride level as well as peritoneal fat
deposition in HCHF diet induced obese rats. Cardamom
powder supplementation also prevented the hepatic
dysfunction as shown by lowering AST, ALT and ALP
enzyme activities. The presence of phenolic compounds
in cardamom powder may be responsible for the hepatic
protection and improved anti-oxidant capabilities in
HCHF diet induced obese rats. However, volatile oil
principle present in cardamom cannot be ignored for
the said activities. Investigating with the individual phen-
olic compounds and volatile terpenes in HCHF diet
induced obese rats would address their role in prevent-
ing metabolic syndrome in this animal model, which
could not be addressed in this study. However, this study
opens a new avenue of research for functional food con-
cept using cardamom powder in ameliorating obesity
and metabolic syndrome. Further studies are warranted
to find out the benefit in a clinical set up.
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