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Abstract
The study was designed to evaluate the hepatoprotective activity of aqueous extract of cardamom in acute experimental liver injury induced by gentamicin. Twenty four male albino rats were randomly divided into four groups (six rats in each). Animals of the first group
served as control and orally (p.o.) received (1 ml/kg saline). The second experimental group was given gentamicin (80 mg/kg i.p.) for 7
days. Third and fourth groups were given aqueous extract of cardamom (100 and 200 mg/kg p.o.) + gentamicin for 7 days, respectively.
The degree of hepatoprotection was measured using serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), bilirubin,
albumin, and lipid profile levels. In the acute liver damage induced by gentamicin, cardamom aqueous extracts (100 and 200 mg/kg, p.o.)
significantly reduced the elevated serum levels of AST, ALT, bilirubin, cholesterol, triglycerides and low density lipoprotein cholesterol
(LDL-chol) in gentamicin induced hepatotoxicity. Also cardamom aqueous extracts (100 & 200 mg/kg, p.o.) significantly increased the
lowered serum levels of albumin and high density lipoprotein cholesterol (HDL-chol) in gentamicin induced hepatotoxicity rats. Histopathological examination of the liver tissues supported the hepatoprotection. Our findings concluded that cardamom aqueous extracts
possessed hepatoprotective activity against gentamicin induced hepatotoxicity in rats.
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1. Introduction
The importance of traditional systems of medicine and of certain
traditional medical practices has now been recognized all over the
world. Today, it is required to have an intelligent and pragmatic
approach to evaluate selective drugs of herbal origin. Therefore, it
should really matter for Pharmacologists to obtain information
from traditional healers, about their remedies and to extract the
active principles for development into drugs [1].
Cardamom the seeds of their ripe fruits of Elettaria cardamomum,
are widely used for flavoring purposes in food and as carminative.
In medicine it is used to treat gastrointestinal disorders [2]. Despite its wide uses, little information has been reported on their
pharmacological properties, which showed antioxidant [3-4] and
anti-inflammatory activity [5]. Antimicrobial activity of cardamom was attributed to its essential oil [6-7]. Recently, cardamom
showed gastroprotective effects against aspirin and ethanol induced lesions in rats [2].
The liver is the largest internal organ in the body and played a
vital role in the detoxification of harmful substances. It has regulatory effect on the many important metabolic functions and is responsible for maintaining homeostasis of the body [8].
Gentamicin is an aminoglycoside antibiotic that is commonly used
to treat life-threatening bacterial infections. Its broad-spectrum
activity against aerobic gram positive and gram negative bacteria,
chemical stability and rapid onset of bactericidal action has often
made it a drug of choice to treat a variety of clinical cases [9].
However, one of the side effects of gentamicin usage is its potential to induce hepatotoxicity.

Hence, the goal of the present research work was to study if the
hepatotoxicity induced by gentamicin can be ameliorated by the
use of cardamom aqueous extract.

2. Materials and methods
2.1. Medicinal plant (cardamom)
Cardamom (Elettaria cardmomum), seeds were purchased from
the local market of Agricultural Herbs, Spices and Medicinal
plants, Cairo, Egypt. The dried plant materials were grinded into a
fine powder and kept till the preparation of aqueous extract.

2.2. Preparation of aqueous extract
Air-dried powder (10 g) of the respective plant seeds was mixed
well in 100 ml sterilized distilled water and kept at room temperature for 24 h on an orbital shaker with 150 rpm. The solution was
further filtered using muslin cloth. The filtrate was centrifuged at
5000 rpm for 15 min. The supernatant thus obtained was filtered
through Whattman filter No. 1 under strict aseptic conditions and
the filtrate was collected in a preweighed sterilized test tube.
Aqueous extracts were prepared in final concentration of 100
mg/ml. Test tubes were cotton plugged and stored in refrigerator
until further used [10].

2.3. Experimental rats
Twenty four male albino rats (160-190 g) were obtained from the
Animal House, Faculty of Veterinary Medicine, Benha University,
Egypt. They were maintained on standard pellet diet and tap water
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ad libitum and were kept in plastic cages under a 12 hr light/dark
cycle and room temperature 22-24°C. Rats were acclimatized to
the environment for two week prior to experimental use. This
investigation was approved by the Animal Research Ethics Committee.

2.4. Experimental protocol
Rats were divided into the four groups; each group consisted of 6
animals and they received the treatment as follows:
Group I: Control (1 ml/kg Saline p.o.).
Group II: Gentamicin (80 mg/kg i.p.) for 7 days.
Group III: Aqueous extract of cardamom (100 mg/kg p.o.) + Gentamicin for 7 days.
Group IV: Aqueous extract of cardamom (200 mg/kg p.o.) + Gentamicin for 7 days.
Gentamicin (Garamycin®), it was obtained from Memphis Company for Pharmaceutical and Chemical Industries, Cairo, Egypt. It
is dispensed in the form of ampoules; each containing 40 mg/ml.
Rats wereintraperitoneally administered with gentamicin in a dose
of 80 mg/kg to induce acute hepatotoxicity [11].

2.5. Blood samples for biochemical estimation
At the end of experimental period, rats were anaesthetized with
ether. Blood samples were collected from retro orbital venous
plexus in non-heparinized tubes, centrifuged at 3000 rpm for 20
minutes, and blood sera were collected and stored at 4 ºC prior
immediate determination of serum biochemical constituents which
was performed by using ready-made kits from Diamond diagnostics company (Egypt), Vitro Scient Diagnostic Company (Egypt)
and SPINREACT Company (Spain).The biochemical measurements were performed for estimation of the activities of Aspartate Aminotransferase (AST) and Alanine Aminotranseferase
(ALT), albumin, bilirubin, cholesterol, triglycerides, High Density
Lipoprotein-cholesterol (HDL-chol) and Low Density Lipoprotein-cholesterol (LDL-chol).

2.6. Histopathological examination
Following complete necropsy of the experimental male rats, small
fresh specimens from liver collected and rapidly fixed in 10 %
formalin solution for at least 24 hrs. After that, these specimenswere processed through the convential paraffin embedding
technique (dehydration in ascending grades of ethylalcohol, clearing in different changes of xylene and embedding in different
changes of meltedparaffin wax at 60 °C). Paraffin blocks were
cutted by microtome into 5 microns, thick sections which were
stained by Haematoxylin and Eosin (H.E.) according to the
method described by [12].

2.7. Statistical analysis
The data were expressed as (mean ± SE) and analyzed using SPSS
(Statistical Package for the Social Sciences, version 15.0, Illinois,
Chicago, USA) and differences between the averages were examined by Duncan’s multiple range test. Mean values within a
rowwith different superscript letters are significantly different (P ≤
0.05).

3. Results
Intraperitoneal administration of gentamicin at a dose of 80 mg/kg
caused a significant increase in liver parameters (ALT, AST, bilirubin, cholesterol, triglycerides, LDL-chol) and a significant decrease in albumin and HDL-chol in comparison with control values. In cardamom treated groups these biochemical parameters
were returned towards the normal values. The biochemical parameters were recorded in Table 1.
Light microscopic examination of the liver in control rats showed
the normal structure (Figure 1A). Histopathological effects of
gentamicin on liver of treated rats are presented in Figure 1B.
Liver treated with aqueous extract of cardamom showed decrease
in the sever histopathological changes caused by gentamicin (Figure 1C and 1D).

Table 1: Effect of oral administration of aqueous extract of cardamom (100 and 200 mg/kg b.wt. on some biochemical parameters in gentamicin induced
hepatotoxicity in rats (n=6).
Parameters

Control

Gentamicin

Cardamom (100 mg/kg p.o.)
+ gentamicin (i.p.)

AST
41.32±2.01d
87.29±2.94a
(U/L)
ALT
31.64±1.92d
58.13±2.07a
(U/L)
T. bilirubin
0.51±0.05d
0.86±0.09a
(mg/dl)
Albumin
4.59±0.19a
3.54±0.15d
(g/dl)
Cholesterol
91.81±4.01d
156.39±5.42a
(mg/dl)
Triglycerides
79.05±3.85d
98.07±4.16a
(mg/dl)
HDL-Chol
53.34±3.47a
38.74±3.05d
(mg/dl)
LDL-Chol
36.57±3.25d
57.81±4.11a
(mg/dl)
a, b, c, d
Mean values having different letters in the same row differ significantly (P<0.05).

Cardamom (200 mg/kg p.o.)
+ gentamicin (i.p.)

64.62±2.87b

57.49±2.51c

49.62±2.11b

42.27±1.94c

0.79±0.06b

0.71±0.08c

4.01±0.14bc

4.09±0.17bc

115.68±5.63b

101.09±4.64c

87.62±4.23bc

88.91±5.01bc

44.45±3.98bc

45.09±3.19bc

49.38±4.81b

42.57±5.13c
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Fig. 1: Histopathology showing the alterations induced with gentamicin and preventive effects of cardamom in hepatic tissues of rats. (A) Hepatic section
showing the normal architecture of portal vein and normal hepatocytes arranged in trabaculae. (B) Gentamicin (80 mg/kg b.wt) induced injuries in liver
with severe congestion of portal blood vessels with fibrin emboli. (C) Cardamom (100 mg/kg b.wt) + gentamicin; reduced injuries of gentamicin and
showing fatty changes in some hepatocytes and others show hydropic degeneration. (D) Cardamom (200 mg/kg b.wt) + gentamicin; showing periductal
inflammatory cells. The stain was (H & E × 200).

4. Discussion
Hepatotoxicty or liver damage is the irregular functioning of the
liver; with mitochondrial dysfunction reported as one of the major
mechanism of drugs induce hepatotoxicity. By severely altering
mitochondrial function in the liver, drugs can induce hepatic necrosis, causing cystolytic hepatitis, and can progress into liver
failure[13].
Results of this study confirmed that gentamicin at a dose of 80
mg/kg produces significant hepatotoxicity as evidenced by increase in serum AST, ALT, bilirubin and lipid profile and significant decrease in albumin and HDL-chol. In addition, gentamicin
induced severe hepatic damages as shown in histopathological
examination. Similar findings were observed after administration
of gentamicin for 7 days which resulted in damage of liver structure with disarrangement of hepatic strands [11].
AST predominantly found in mitochondria of hepatocytes. ALT is
more specific to liver, and thus is a better parameter for detecting
liver injury. Serum bilirubin is also associated with liver cell damage. The ALT, AST and serum bilirubin level are largely used as
most common biochemical markers to evaluate liver injury [14].
The significant decrease in activities of these enzymes by cardamom extract may indicate that the plant extracts did not have necrotic effect on the liver. This may be due to the fact that the extracts offer protection and maintain the functional integrity of
hepatic cells.
Bilirubin is released from the destroyed red blood cells and passed
on to the liver. The liver excretes the bilirubin in the fluid called
bile. If the liver is not functioning properly, the bilirubin will not
be properly excreted. Therefore, if the bilirubin level is higher
than normal, it may mean that the liver is not functioning correctly
[15]. The amount of albumin in gentamicin treated rats showed a
significant decrease compared to control group [16].
Serum bilirubin is considered an index for the assessment of hepatic function and any abnormal increase indicates hepatobiliary

disease and severe disturbance of hepatocellular architecture [17].
Gentamicin administration resulted in increased serum bilirubin
level, thereby suggesting severe hepatic injury and confirming the
hepatotoxic nature of gentamicin. Treatment with cardamom extract significantly decreased the elevated level of total bilirubin in
serum towards normalcy indicating its hepatoprotective efficacy.
Treatment with cardamom recovered the injured liver to normal
which indicate that cardamom has antihepatotoxic effect.
Gentamicin enhanced the production of superoxide anion, hydrogen peroxide and hydroxyl radicals by mitochondria [18]. Free
radicals cause Peroxidation of phospholipids membrane, DNA
strand breakage, protein denaturation. Treatment of rats with cardamom effectively decreased liver enzyme levels in the serum.
This can be attributed to the presence of phenolic compounds in
cardamom that can act by scavenging free radicals [19].
Assessment of lipid profile is required for the state of wellbeing of
every individual as cardiovascular diseases and coronary heart
diseases are silent, serial killers of our age [20]. Lipids (cholesterol, triglycerides and LDL-chol) levels were increased significantly
in the serum of gentamicin intoxicated rats group, while HDL-chol
was decreased. The possible explanation of the observed hyperlipidemia might reflect the impairment of liver cells to metabolize
lipids or lipid peroxidation [21]. The increase in serum lipids may
be attributed to the increased hepatic synthesis and / or reduced of
lipoprotein lipase [22]. Cardamom pre-treat rats prevented the
gentamicin induced rise in serum lipids. These findings demonstrated its protective action on hepatic injury induced by gentamicin. Similarly, treatment with silymarin [23-24] significantly lowered serum cholesterol content in animals received paracetamol or
CCl4, respectively.
The main constituents in cardamom are antioxidants such as tocopherol, phenolic acids, indole-3-carbinol, and volatile organic
compounds [25]. The lowering effect of cardamom on cholesterol
and triglyceride levels reflected its protective hepatocellular effects and the ability of the phenolic contents and essential oil to
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reduce the hyperlipidemia [26]. Furthermore, it has been reported
that spices may inhibit hepatic 3-hydroxyl-3-methylglutaryl coenzyme A reductase activity, resulting in lowering hepatic and serum
cholesterol levels [27].

5. Conclusions
The present findings show that oral administration of aquoues
extract of cardamom produces significant hepatoprotective effects
in gentamicin-treated rats. Further investigations are required to
explore exactly the mechanism action of cardamom against gentamicin induced physiological disturbances and histopathological
changes.
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