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Protective effect of ethanolic extract of Elettaria
Cardamomum against gentamicin hepato-renal
toxicity in male albino rats
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Abstract. - OBJECTIVE: Cardamom is one
of the spices containing a wide range of an-
tioxidants and is used in medicinal prepara-
tions. Thus, in this study, we want to explore
the protective effect of ethanolic cardamom
extract on the liver-kidney toxicity caused by
gentamicin in male albino rats.

MATERIALS AND METHODS: The exper-
iment was applied to twenty-eight male albi-
no rats divided randomly into four groups.
The control group was given 1 ml/kg of saline
orally. The gentamicin (GM) group was giv-
en a daily 80 mg/kg i.p of GM for seven days.
Another group was given 100 or 200 mg/kg
b.wt. p.o. ethanolic extract of Elettaria Carda-
momum (EC) for seven days. Blood and liv-
er-kidney samples were taken after the end of
the study for analyses to test for liver-kidney
function and lipid profile (LP).

RESULTS: Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and bili-
rubin activities were higher in the GM group
than in the control group. However, the
groups’ differences in globulin levels and
total protein (TP) were not statistically sig-
nificant. Compared to the control group, the
albumin level in the gentamicin group was
considerably lower. On the other hand, cre-
atinine and urea levels, lipid, serum total
cholesterol levels, and high-density lipopro-
tein (HDL) significantly increased in the gen-
tamicin group but decreased in the control
group and co-treated groups with gentami-
cin and ethanolic extract EC. Low-density li-
poprotein (LDL) significantly dropped, while
the control group showed high levels of lipid
and serum total cholesterol.

CONCLUSIONS: EC ethanolic extract shields
the liver-kidney against GM harmful effects
in male rats. Recent research demonstrated
that the effects of the plant cardamom were
the same at both low-high doses. The phe-
nolic elements in EC may be responsible for
this protective effect.
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Introduction

The well-known antibiotic gentamicin, created
in 1963, has particular advantages for treating
bacteria resistant to other antimicrobials'. It is
also frequently used as an antibiotic against in-
fections brought on by Gram-negative bacteria’.
Aminoglycoside antibiotics used to treat tubercu-
losis, a persistent gram-negative infection, carry
a risk of hearing loss and severe renal impair-
ment®. Even though gentamicin has functional
characteristics, its renal toxicity is a negative
consequence. Numerous studies® have found that
gentamicin medication administered for over se-
ven days can affect the kidney’s proximal tubular
cell, resulting in renal damage. Moreover, ac-
cording to research?, nephrotoxicity may occur
in about 25% of people taking aminoglycosides
for their condition. Numerous studies* have also
shown that acute kidney injury (AKI) can impair
other organs, including the liver; this explains the
phenomenon known as harm to distant organs.

Because gentamicin is used more frequently, it
is to blame for 10-20% of all occurrences of acute
kidney injury’. Approximately 90% of the genta-
micin drug secretion remains intact near the renal
tubules, which, at higher dosages, could result in
severe renal necrosis tubular®. Regardless of cell
injury, gentamicin inhibits many cell membrane
transporters on the brush border and the basolate-
ral membranes, leading to electrolyte imbalances.
Transport blockage affects tubular reabsorption
and jeopardizes cell life, resulting in necrosis or
death’. In addition, proximal tubular cell death is
the primary cause of gentamicin-induced AKI®.
This rat study examined the effectiveness of date
extract supplementation in preventing renal and
liver damage brought on by gentamicin. This
study discovered that GM significantly altered
the indicators of liver and kidney function (tran-
saminases, albumin, creatinine, and blood urea).
Besides, it was found® that inflammation and free
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radical overproduction are linked to liver and
kidney damage caused by gentamicin.

The kidney toxicity of aminoglycosides and
how they cause acute renal injury were studied!
in male Wistar rats. Eight male Wistar rats were
divided into three groups for the study: Con-
trol, Genta, and Deh+Genta. The results showed
that 100 mg/kg of gentamicin caused acute renal
injury. Still, it did not affect the liver when admi-
nistered to the gentamicin group in two daily doses
for eight days'. Additional adverse effects of GM
medicines were discovered in a different investi-
gation''. For instance, it was found a connection
between hearing loss and gentamicin medication.

Elettaria Cardamom plant is the dried fruit of
the perennial herbaceous Zingiberaceae plant'?.
After saffron and vanilla, cardamom is the most
expensive spice. It has a distinctively rich flavor
and aroma®. Other names for it include “real
cardamom” and “‘green cardamom'”. Little green
and huge black cardamom are the two available
cardamom types. The most prevalent species of
cardamom, Elettaria Cardamomum, is the bio-
logical source of small green cardamom. At the
same time, black cardamom is primarily grown
in India, the world’s top cardamom producer'.
Worldwide, E. Cardamomum plants are grown
in high latitudes with humid weather. However,
the origins of several types of this plant can also
be found in the evergreen rainforests of southern
India (Kerala, Karnataka, and Tamil Nadu) and
Sri Lanka. With 70% of the country’s total pro-
duction, Kerala is India’s most significant pro-
ducer of cardamom. It is followed by Karnataka
(20%) and Tamil Nadu (5%)'¢.

One of nature’s great gifts is plants, which con-
tain a variety of biological effects, phytochemi-
cals, or chemicals as part of their normal metabo-
lic processes'”. Recently, it has been determined'®
that plant extracts and parts are essential sources
for treating many disorders. Moreover, this af-
fluent exporter offers many advantages, including
few adverse effects, widespread availability, and
inexpensive cost. Many diseases can be treated
or prevented with the complex that comes from
plants®. The antiviral, antibacterial, and antifun-
gal activities of phytochemicals are due to their
antioxidant characteristics'’.

Another study?®’ treated animals with alcohol-ba-
sed Elettaria Cardamomum extract in two doses of
100 and 200 mg/kg once daily for twenty-eight
days. This treatment began twenty-one days after
administering paracetamol at 400 mg/kg orally
for one week to induce hepatotoxicity. Rat livers

were examined for histopathology as a conse-
quence. The findings showed that, in comparison
to groups receiving positive controls, cardamom
alcoholic extract improved biological assessment,
liver functions, and antioxidant enzymes. Carda-
mom consumption thus protects the liver against
paracetamol’s negative effects. After being ad-
ministered for a week, studies?! have shown that
the hydro-alcoholic cardamom extract contains
antioxidant and flavonoid components that shield
the liver from the damaging effects of lead aceta-
te poisoning on its liver enzymes.

This study demonstrates the anti-hypercho-
lesterolemic benefits of cardamom? (Elettaria
Cardamomum). Cardamom’s antioxidant, anti-in-
flammatory, antibacterial, and immune-stimula-
ting properties have been shown to offer anti-can-
cer advantages in various cancer types, including
breast cancer. Cardamom spice has demonstrated
potential in this investigation as a breast cancer
treatment?. Cardamom oil was utilized in a dif-
ferent investigation®* to treat aluminum-induced
neurotoxicity by preventing acetylcholinesterase
enzyme activity and reducing oxidative stress.
In addition, it has been proven to have neuropro-
tective effects. Cardamom oil might be an excel-
lent alternative as there are not many options for
treating Alzheimer’s. This research examines the
protective impact of alcoholic cardamom extract
on hepatotoxicity and nephrotoxicity induced by
gentamicin in Wistar male albino rats.

Materials and Methods

Plant Materials
Dried cardamom (Elettaria Cardamomum)

was purchased from an organic grocery (Buray-
dah, Al-Qassim, Saudi Arabia).

Preparation of Alcohol Extract of
Cardamom

To conduct this study, 800 ml of 70% ethanol
provided by (the pharmaceutical solutions indu-
stry® Ltd (PSI), Jeedah, Saudi Arabia) and 200
g of ground herbs were steeped for three days at
ambient temperature (23-25°C) with occasional
shaking. After passing through a muslin cloth, it
was first filtered using a Whatman qualitative gra-
de 1 filter paper. The combined filtrates were eva-
porated in a rotary evaporator (Heidolph Instru-
ments, Schwabach, Germany) is a manufacturer
of laboratory equipment) under low pressure after
this procedure was repeated twice (760 mmHg)*.
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Gentamicin

Gentamicin 80 mg/2 ml ampoules were pur-
chased from SPIMACO (Al- Qassim pharmaceu-
tical plant in Saudi Arabia).

Experimental Animals

In this investigation, 28 healthy male albino
rats weighing 160 and 190 g were employed.
They were obtained from King Saud University’s
College of Pharmacy, Riyadh, Saudi Arabia.

Rats were kept in clear plastic cages on a sawdust
bed. They were used in the current investigation.
The animals were maintained in the lab for two
weeks before and during the experimental work
under stable temperature conditions of 22-24°C.

The lab environment also featured a 12-hour
light and dark cycle and a 40-60% humidity per-
centage. Water and well-balanced commercial food
were freely available (General Organization for
Grain Silos & Flour Mills, Riyadh, Saudi Arabia)®®.

Experimental Design
After two weeks of acclimation, the animals

were randomly separated into four groups of se-

ven in each group.

» Control group was given saline 1 ml/kg orally
as a control.

* The group receiving gentamicin obtained daily
intraperitoneal injections at a dose level of 80
mg/kg for seven days.

* The group receiving gentamicin plus alcohol

extract of cardamom (100 mg/kg) received an in-
traperitoneal injection of gentamicin at a dose level
of 80 mg/kg for seven days. Besides, it received
an alcohol extract of cardamom (100 mg/ kg) for
seven days by oral gastric tube administration.

» The group receiving gentamicin plus alcohol
extract of cardamom (200 mg/kg) received an
intraperitoneal injection of gentamicin at a do-
se level of 80 mg/kg for seven days. Besides, it
received an alcohol extract of cardamom (200
mg/ kg) daily for seven days via a gastric tube.

Hematological Study

After the study, rats were administered 24
hours of light ether anesthesia using diethyl ether.
Blood was then collected from their optic veins
using a capillary tube (Figure 1). Following that,
the rats were taken to the lab for further analysis.
There, they underwent centrifugation (Thermo
Science, Waltham, MA, USA) at 3,000 g for
10 minutes, using a serum to measure alanine
aminotransferase (ANAT) and aspartate amino-
transferase (AST) activities, alanine aminotran-
sferase (ALT), albumin, bilirubin, cholesterol,
triglycerides, high-density lipoprotein-choleste-
rol (HDL-Chol), and low-density lipoprotein cho-
lesterol (LDL-Chol).

Histological Examination
Liver and kidney samples were quickly obtai-
ned from all animal groups after being dissected

(Elettaria cardamomum) days
alcohol extract of cardamom
(100-200 mg/ kg)

[
‘
>

Liver injury :
AST
ALT
Total protein
Bilirubin
Albumin

Protective Effect of Ethanolic Extract of Elettaria Cardamomum against
Gentamicin Hepato-renal Toxicity in Male Albino Rats

AL

Géntamiéin

(80mg/kg )

Kidney injury :
creatinine
Urea

Figure 1. Flowchart illustrating the study.
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for blood collection. Liver and kidney tissues we-
re steeped in 10% natural buffered formalin for
24 hours to repair them. Later, they were washed
with tap water. Tissues were dehydrated before
being embedded in paraffin using a range of etha-
nol concentrations (70-100%) and xylene series.
The tissue was sliced into sections that were five
micrometers thick using a microtome (SLEE me-
dical GmbH, Nieder-Olm, Germany). Slices were
afterward deparaffinized, rehydrated, and stained
with the hematoxylin-eosin solution to detect the
presence of tissue damage?®’.

Statistical Analysis

Statistical Packages for Social Sciences (SPSS)
data analysis was done using computer software
(version 26, IBM Corp., Armonk, NY, USA).
Following the LSD post-hoc test, means were
compared using the (ANOVA) test at p=0.05. The
results were deemed statistically significant.

Results
Physiological Results
One Glucose

Data in Figure 2 displays the effect of gentami-
cin on blood glucose levels. The impact of the gen-

tamicin combination with ethanolic cardamom ex-
tract in two doses (100-200 mg/kg) is also shown
after seven days of treatment. This study revealed
insignificant differences in blood glucose levels
across the various study groups.

Kidney Function Result

This study revealed kidney functions in different
studied groups, displayed in Figure 3. Serum crea-
tinine and urea levels were significantly increased
in the gentamicin group vs. the Control group.

In contrast, creatinine and urea levels de-
creased slightly in two groups of gentamicin
combination with ethanolic cardamom extract
of dose (100-200 mg/kg) compared to the gen-
tamicin group (p<0.050). For this reason, the
present results revealed that low and high do-
ses of plant extract improved kidney function
significantly compared with Group II (positive
control).

Lipid Profile Result

The lipid profile in different studied groups is
shown in Figure 4. Serum total cholesterol levels
were significantly increased in the gentamicin
group compared to the control group (p<0.050).
On the other hand, these levels decreased in the
gentamicin combination with the ethanolic carda-
mom extract group at a dose of 100 mg/kg.
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Figure 2. Effect of gentamicin and gentamicin combination with ethanolic cardamom extract group of doses 100 mg /kg and

200 mg/kg on glucose levels.
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Figure 3. Effect of gentamicin and gentamicin combination with ethanolic cardamom extract group of doses 100 mg/kg and

200 mg/kg on kidney function.

Besides, the lipid profile in different studied
groups is shown. High-density cholesterol levels
were significantly higher in the gentamicin group
than in the control group. In contrast, these levels
were lower in the gentamicin combination with
ethanolic cardamom extract group at 100 mg/kg
and 200 mg/kg (p<0.050).

Low-density cholesterol levels were significantly
decreased in the gentamicin group vs. the other three
groups. In addition, oral administration of low and
high doses of plant extract improved serum lipid pro-
file with different degrees and serum triglycerides.

Changes in Liver Activity

As displayed in Table I the liver functions are
presented for the various groups studied. The results
revealed that the activities of AST, ALT, and total
bilirubin levels in serum were significantly increa-
sed in the group of gentamicin vs. the control group.

On the other hand, the gentamicin combination with
ethanolic cardamom extract group of doses (100
mg/kg and 200 mg/kg) showed decreased levels of
AST, ALT, and total bilirubin. This decrease was
significant, with a p-value lower than 0.050.

Meanwhile, the present results revealed
that low and high doses of Elettaria Carda-
momum ethanolic extract significantly redu-
ced the elevation of transaminase enzymes
(AST and ALT) and total bilirubin levels
compared with the gentamicin group. This
effect was also observed when compared wi-
th normal rats in the control group.

The serum albumin level was significantly
decreased in the gentamicin group compared
to the control group (p<0.050). In contrast, the
albumin levels returned to normal in the groups
where gentamicin was combined with ethanolic
cardamom extract at doses of 100 mg/kg and
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Table I. Changes in liver activity in experimental groups.

Group AST (IU/L) ALT (IU/L) Bilirubin Total protein Albumin Globulin A/G ratio
(mg/dl) (g/dl) (g/dli) (g/dl)

Control 37.43*+3.34  22.57°41.63  0.60°+0.05 6.23'+0.08 3.40°+0.04  2.91°+0.06 1.132+0.03
Gentamicin 71.712£5.55 30.71°£2.70  1.34°+0.21  6.12*+0.13 3.32°+0.05 2.59*+0.17 1.322+0.11
Gentamicin + 38.71°+2.19  22.14%+1.14  0.52°+£0.04 6.25'+0.21 3.42%+0.07  2.83'+0.22  1.27°+0.13
(100 mg/kg)

cardamom EX

Gentamicin + 40+3.22 24.43*+1.62  0.51°+£0.05  5.99°+0.014 3.40°+1.03  2.59+0.12 1.332+0.06
(200 mg/kg)

cardamom EX

All data are expressed as mean + S.E. Means with different superscripted letters*® are significantly different. Data were analyzed
using SPSS software (version 26). Means were compared using the ANOVA test followed by the LSD post-hoc test.

200 mg/kg. It demonstrated liver function in
various study groups.

Furthermore, the gentamicin group’s serum al-
bumin level was considerably lower than the con-
trol group. Still, in the gentamicin combination
with ethanolic cardamom extract groups at

doses of 100 mg/kg and 200 mg/kg, the levels
approached those of the control group.

Additionally, there were no significant dif-
ferences in total serum proteins, globulin,
and A/G ratio levels between the different
studied groups (p>0.050).

lipid Profile
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Figure 4. Effect of gentamicin and gentamicin combination with ethanolic cardamom extract group of doses 100 mg/kg and
200 mg/kg on lipid profile.
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Histological Results

The renal cortex of the control group was exa-
mined in hematoxylin and eosin-stained sections.
It was discovered that the renal cortex was made
up of renal corpuscles and renal tubules. The
Bowman’s capsule, which encircled the glome-
rular tuft of capillaries and had a parietal layer
of simple squamous epithelial lines, comprised
the renal corpuscles. The Bowman’s gap sepa-
rated the glomerulus and the parietal layer of
the Bowman’s capsule. Proximal-convoluted
tubules had brush-bordered cuboidal cells with
granular acidophilic cytoplasm. They rounded
basal nuclei that seemed to have small lumens.
Distal convoluted tubules had a larger lumen,
no brush border, and were lined with light cu-
boidal cells with rounded nuclei in the center,
as depicted in Figure 5.

In the gentamicin treated group, the distorted
histological architecture of the renal cortex was
observed. As shown in Figure 6, many renal
corpuscles showed shrinkage with dilated re-
nal spaces. The proximal and distal convoluted
tubule lining cells displayed marked vacuolated
cytoplasm and pyknotic nuclei. In Figure 7, some
areas showed mononuclear cellular infiltration
and hemorrhage between the renal tubules.

Figure 8 shows a slight improvement in kid-
ney cortex histology in the rats co-treated with
gentamicin and 100 mg/kg body weight of car-
damom (Group III) compared to other groups.
Still, some renal corpuscles and renal tubules
showed mild degeneration.

The histopathological examination shown in
Figure 9 reveals that the kidney structure in rats
co-treated with gentamicin and 200 mg/kg of
cardamom (Group 1V) showed a notable impro-
vement compared to Group III. The structure of
most of the renal corpuscles and kidney tubules
appeared more or less similar to normal.

In relation to the liver, an examination of the
HX&E-stained sections from healthy control rats,
as shown in Figure 10, revealed a normal hepatic
structure. The rat’s liver was divided into ill-defi-
ned classic hepatic lobules.

As depicted in Figure 11, treatment with genta-
micin resulted in the loss of the liver’s histological
structure, as evidenced by degenerative changes in
the liver hepatocytes. In addition, these hepatocytes
appeared highly vacuolated with deeply stained
pyknotic nuclei, indicative of fatty degeneration.

The histopathological analysis in Figure 12,
which examines the liver of rats co-treated wi-
th gentamicin and cardamom (100 mg/kg B.W)
in Group III, revealed a slight reduction in
tissue damage caused by gentamicin. Some of
the hepatocytes restore their normal structure
with a normal appearance of the central vein.
Still, others appeared with vacuolated cyto-
plasm (fatty degeneration) and deeply stained
pyknotic nuclei.

In contrast, Figure 13 histopathological
analysis of the liver in rats co-treated wi-
th gentamicin and cardamom (200 mg/kg
B.W) in Group IV revealed a significant
improvement in all previously mentioned

Figure 5. An image of a control rat kidney under a microscope stained with HX&E reveals that the renal cortex contains
healthy renal corpuscles (thin arrow) and renal tubules (thick arrow) (HX&E X200).
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Figure 6. A photomicrograph of the gentamicin-treated rat kidney demonstrates the Bowman’s space (*) being enlarged and
the epithelial lining of the kidney tubules exhibiting noticeable degradation (black arrows) (HX&E X200).

Figure 8. A photomicrograph in the rat kidney treated with gentamicin and cardamom (100 mg/kg BW) (HX&E X100).
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Figure 10. Photomicrograph from control rat liver showing the normal architecture of hepatic parenchyma (HX&E X200).

Figure 11. A photomicrograph of rat liver treated with gentamicin showing the degenerative changes in the liver hepatocytes (H),
which appeared vacuolated with pyknotic nuclei. The central vein is a thin arrow, and the portal area is a thick arrow (HX&E X100).
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Figure 12. A photomicrograph of rat liver treated with gentamicin and cardamom (100 mg). Reduced tissue damage caused by
gentamicin, and some of the hepatocytes restore their normal structure (H). Still, others appeared vacuolated with deeply stained

pyknotic nuclei. Arrow: swelling of the blood (HX&E X100).

Figure 13. A photomicrograph of rat liver treated with gentamicin and cardamom (200 mg). It shows improvement in the histological
structure and architecture of the hepatocytes. The hepatocytes have acidophilic cytoplasm with basophilic regions and rounded
vesicular nuclei (H). (arrow) Still visible is the inflammatory cell infiltration in the portal region. (HX&E X200).

histopathological findings compared to the
gentamicin-treated group.

Discussion

The famous flavoring agent cardamom is wi-
dely utilized in both allopathic and ayurvedic
medicine®. Elettaria Cardamomum Matan, a pe-
rennial herb native to India, Pakistan, Myanmar,
and Sri Lanka, is frequently called “cardamom”
and “elaichi” in different parts of the world.

Cardamom is often used in cooking. Still, it is
also prescribed by doctors to cure a number of
ailments, such as asthma, constipation, colic,
diarrhea, dyspepsia, hypertension, and epilepsy.
It also functions well as a carminative, diure-
tic, antiviral, antifungal, antibacterial, and sto-
ma-friendly remedy?®.

The ethanolic extract of Elettaria Carda-
momum was analyzed using gas chromato-
graphy-mass spectrometry in this investigation®.
The study found components of phytochemically
active n-Hexadecanoic acid (1.87%), a-Farnesene
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(1.46%), B-pinene (5.98%), p-Linalool (4.52%),
Nerol (0.89%), a-Terpinyl acetate (41.24%),
1,8-Cineole (28.14%), Sabinene (4.24%), p-Cre-
sol (1.12%), a-Terpineol (3.24%), Linalyl aceta-
te (2.87%), p-Cymene (1.21%), Geranyl acetate
(0.65%), Myrcene (2.57%)>.

According to numerous studies, acute kidney
injury (AKI) can affect the liver. Because of this,
renal ischemia-reperfusion may increase hepatic
enzymes, leukocyte infiltration, congestion, and
cellular necrosis in the liver'. Harmful meta-
bolites and some drugs are excreted as part of
detoxification and equilibrium. Because of this,
they are crucial in the processing of toxic medi-
cations. They are hence more vulnerable to dan-
gerous compounds due to high renal blood flow. It
transfers metabolites and absorbs toxic chemicals
from the fluid around them*’.

Numerous studies* have shown that acute
kidney damage (AKI) may impact the liver. As
a result, renal ischemia-reperfusion may worsen
liver congestion, cellular necrosis, leukocyte
infiltration, and hepatic enzymes. Harmful me-
tabolites and some medications are expelled as
part of the detoxification and balance processes.
They are, therefore, essential in the processing
of dangerous drugs. Owing to their high renal
blood flow, which transports metabolites and
absorbs harmful substances from the surroun-
ding fluid, kidneys are more susceptible to the
effects of hazardous compounds®. gentamicin
group in the current study showed significantly
higher urea and creatinine serum values than the
other groups.

Since kidney injury is the only significant fac-
tor that increases the blood creatinine level, cre-
atinine and urea, which the kidney must excrete,
have increased significantly in this study. It sup-
ports the idea that functional kidney damage has
occurred?. Similar studies’*?* showed that the
group receiving gentamicin treatment had signi-
ficantly greater urea and creatinine serum levels.

According to the study, taking cardamom etha-
nolic extract reduced the renal function changes
caused by gentamicin treatment to levels that we-
re close to average. Additionally, serum urea and
creatinine levels were significantly lower in rats
that received a combination treatment (gentamicin
plus ethanolic cardamom extract at 100 mg/kg
and gentamicin plus ethanolic cardamom extract
at 200 mg/kg) for seven days compared to the
rats that were only given the gentamicin group.
These results indicate a significant reduction in
the kidney’s susceptibility to gentamicin-induced
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structural and functional changes in rats. Also,
our findings showed that both low and high doses
of plant extract enhanced kidney function.

According to past studies®, taking a wa-
tery cardamom extract orally has a signifi-
cant kidney-protective effect. Additionally, the
antioxidant properties of gentamicin decrease
kidney damage. The majority of the antioxidant
capabilities of Elettaria cardamom, primarily
attributed to its phenolic composition, which
comprises polyphenols and flavonoids, are sup-
ported by these findings™®.

The histopathology of the tissue in the gentami-
cin-treated group revealed that the renal cortex’s
histological architecture had changed. This study
backs up the conclusions we came to. It has been
established® that the drug gentamicin decreased
glomerular filtration rate (GFR), as shown by a
steady decline in creatinine clearance.

Other tissues, however, showed partially desqua-
mated or necrotic lining cells. In addition, the nuclei
of these necrotic cells displayed apoptotic signals.

Significant increases in serum urea and crea-
tinine suggest a decrease in glomerular filtration
rate, and this investigation* demonstrated genta-
micin-intoxicated mice. A high protein excretion
rate may also be caused by GM-induced break-
down of the renal blood filtration barrier and im-
pairment of proximal tubule protein absorption.

Rats treated with both gentamicin and carda-
mom concurrently showed a slight improvement
in the histology of the renal cortex (Group III).
Most of the renal corpuscle appeared practically
normal, with some isolated injury to the proximal
and distal convoluted tubules.

Rats in Group IV that received gentamicin and
cardamom in combination had their kidneys hi-
stopathologically examined. The results showed a
considerable improvement in the kidney’s histolo-
gical structure compared to Group III.

According to our research, using GM led to eleva-
ted serum levels of the enzymes AST and ALT and to-
tal bilirubin. This result is consistent with past studies®
demonstrating that gentamicin produces significant he-
patotoxicity when administered at a dose of 80 mg/kg,
as seen by increased blood AST, ALT, and bilirubin.

Additionally, it has been established that ele-
vated hepatic enzymes are a sign of liver cell
damage. The results demonstrated that the two
tested doses of the extract significantly reduced
levels of liver enzymes AST, ALT, and bilirubin.
This effect was observed when the groups recei-
ving ethanolic cardamom extract were compa-
red to the GM group.
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The amounts of total serum proteins, globulin,
and A/G ratio between the various study groups
have shown to be incredibly small.

Other studies®*' have shown that cardamom-tre-
ated groups have higher protein and globulin serum
levels. The Elettaria therapy group, for instance,
had the highest total protein and globulin levels.

The results now prove that harm occurred
because we demonstrated that the GEN group’s
serum albumin level dropped compared to those
treated with cardamom extract.

This outcome is consistent with past studies®®.
This study supports the effect of gentamycin on
albumin. It was discovered that gentamicin dra-
matically lowered serum albumin while conside-
rably increasing serum creatinine, bilirubin, and
protein compared to the control group.

In the gentamicin-treated group, clinical
symptoms such as diarrhea were observed mo-
re frequently than those treated with cardamom
extract and gentamicin. Diarrhea is a known
side effect of gentamicin.

The study by Kiigiikler et al’’ agreed with
what we found. The intestinal lumen’s bacterial
diversity was reduced after administering genta-
micin and Cefradine. Besides, alterations in both
composition and abundance made the gut micro-
biota’s dysfunction worse*’. Utilizing approaches,
the efficacy of cardamom extract in treating
hypertension, colic distress, diarrhea, and con-
stipation was demonstrated. The current study
assessed the impact of gentamicin use on blood
sugar and lipid profile elevated levels of HDL-
CH, triglycerides, and cholesterol. Additionally,
after seven days, rats treated with gentamicin had
low levels of LDL-CH*.

Co-administration of gentamicin and carda-
mom extract (100-200 mg/kg) reduced blood
serum levels of triglycerides, cholesterol, HDL-
CH, and LDL-CH. According to these results
from a recent study®, Elettaria Cardamom and
its extract have anti-inflammatory, anti-diabetic,
hemolytic, and antioxidant activities.

The liver of the GM-treated group’s histo-
logy showed degenerative changes in the liver
hepatocytes. They were severely vacuolated
and had deeply stained pyknotic nuclei. gen-
tamicin therapy destroyed the histologic fra-
mework of the liver (fatty degeneration). As a
result, hepatocytes in some regions had dege-
nerated, leaving holes. In addition, the blood
sinusoids had become more prominent, the
principal vein’s wall had been harmed, and
mononuclear cells had invaded the region.

According to this study, gentamicin may
be linked to severe oxidative stress. It is
because it can generate moderately clogged
portal blood vessels, hyperplasia of the bile
ducts, congested intertubular blood vessels,
and congested glomerular capillaries in the
liver and kidney tissues®.

GM damaged hepatic tissue in the current stu-
dy, as shown by the histological changes in the
liver tissues and increased serum levels of liver
enzymes. During the co-treatment of gentamicin
and cardamom, when tested histopathological,
these caused reduced liver tissue damage (Group
III). A typical central vein could be seen in some
of the hepatocytes that had returned to normal,
but others had vacuolated cytoplasm. The histo-
logical analysis of the liver tissue directly sup-
ported this assertion. The findings of this investi-
gation support those of earlier studies*. Studies
on tissues further demonstrate that GM causes
lymphocyte release and hepatocyte destruction.

GM impacts the body’s tissues by stimu-
lating apoptosis, or deliberate cell death, and
producing free radicals*.

Conclusions

Our results show that the oral dosing of Elet-
taria Cardamomum ethanolic extract has a be-
neficial protective effect against physiological
disorders in different hematological parameters.
Furthermore, the intake of gentamicin in com-
bination with ethanolic cardamom extract has
shown a protective action against GM toxici-
ty-induced damage in the liver and kidney. This
protective process is probably due to cardamom’s
pharmacological properties, including antioxi-
dant, anti-diabetic, hepatoprotective, and neuro-
protective activities of its phenolic compounds
against GM toxicity.

The present study shows that using cardamom
in daily food can protect the organs. However,
further studies are required to assess the protecti-
ve effects of cardamom ethanolic extract against
toxins in different body organs.
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