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Introduction: The administration of iodinated contrast medium is extensive in various imaging 
techniques including coronary angiography.
Objectives: The present investigation was designed to examine the ameliorative effect of clove buds 
(Syzygium aromaticum) on contrast-induced acute kidney injury (CI-AKI) in rats
Materials and Methods: Forty male Wistar rats with a mean body weight of 200-250 g were studied. 
Rats randomly assigned into four groups, 10 rats for each; Group 1; normal rats (control group; 
sham group); they did not receive any drugs. Group 2; rats were received 10 mL/kg as a single dose 
of iodixanol (contrast media) by intravenous (IV) injection. Group 3; rats received 10 mg/kg clove 
by intraperitoneal (IP) injection for three days, while in day forth, they received a single dose of 
iodixanol (10 mL/kg). Group 4; rats of this group first received a single dose of iodixanol (10 mL/
kg). Then rats treated by clove (10 mg/kg) by intraperitoneal (IP) injection for three days (days 2, 3 
and 4th). Kidney sections were examined for degeneration, flattening, and necrosis of renal tubular 
cells and also dilatation of tubular lumen. 
Results: We found a significant difference between groups regarding the sum of injury (degeneration, 
flattening, necrosis and dilatation). A significant difference in types of injury (degeneration, 
flattening, necrosis and dilatation) among the groups (P =0.001) was seen too. We detected a 
significant difference between groups II (contrast media) and III (rats pretreated by clove; P < 0.001). 
Accordingly, we detected a significant difference between groups II (contrast media) and IV (rats 
post-pone treated by Clove buds; P < 0.001) too. There was not a significant difference between 
groups of III and IV (P > 0.05).
Conclusion: In this animal study, we found that post-pone treatment of clove was as effective as pre-
treatment to mitigate the injury induced by contrast media. 

ABSTRACT

Implication for health policy/practice/research/medical education:
In an experimental study, we found that post-pone treatment of clove was also effective to mitigate the renal injury induced by contrast 
media. 
Please cite this paper as: Nasri P, Hooshyar N, Yalameha B, Akafzadeh Savari M, Khosravifarsani MR, Mardani SM, et al. Ameliorative impact 
of hydroalcoholic extract of Clove buds (Syzygium aromaticum) on contrast-induced acute kidney injury; an experimental histopathological 
study. J Nephropathol. 2022;x(x):e9816. DOI: 10.15171/jnp.2022.9816.
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Introduction
Nowadays, the administration of iodinated contrast 
medium is extensive in different imaging techniques 
including coronary angiography. It has demonstrated 
that the administration of iodinated contrast media is 
correlated with different complications including acute 
kidney injury (AKI) and other renal disorders. Contrast-
induced acute kidney injury (CI-AKI) is detected as one of 
the leading causes of hospital-acquired acute renal failure. 
CI-AKI is related to a sharp decline in kidney function 
and increases morbidity, early mortality, and hospital stay 
in the general population exposure to contrast agent (1-3).
 The various risk factors are known for CI-AKI such as 
hypotension, heart failure, anemia, renal disease, diabetes 
mellitus, nephrotoxic medications, and extra. One of the 
important factors involved in the development of CI-AKI 
is the oxidative stress process. Oxidative stress refers to 
the imbalance between reactive oxygen species (ROS) and 
the body’s antioxidant system in favor of ROS and free 
radicals (4). 
Several findings have confirmed that the administration 
of contrast medium is involved in the occurrence of the 
renal hypoxia and elevates further ischemic renal injury 
through generating ROS including peroxides, superoxide 
anions, and hydroxyl radicals during the oxidative stress 
process (5). Additionally, contrast agent stimulated 
renal vasoconstriction and mitochondrial dysfunction 
(6). In recent years, many therapeutic strategies have 
been suggested for the improvement of renal failure 
due to the contrast medium and intravenous hydration 
method applied widely for patients exposed to CI-AKI 
(7). Recently, the use of different antioxidants in the 
treatment of disorders due to oxidative stress has become 
one of the most important and popular research among 
researchers. Therefore, it is well-known that ascorbate, as 
a non-proteinaceous antioxidant, has useful therapeutic 
effects against human renal injury and nephrotoxicity 
via diminishing ROS (8). N-acetylcysteine (NAC), as 
an antioxidant, possess lucrative effects in amelioration 
of CI-AKI by neutralizing free radicals and increasing 
glutathione synthesis (9). Furthermore, diverse medicinal 
plants are being used in the treatment of CI-AKI due to 
their antioxidant capacity that clove is one of these plants. 
The clove plant (S. aromaticum), as a food preservative, 
belongs to the family Myrtaceae that is exerted for multiple 
therapeutic purposes all over the world (10). 
Numerous beneficial compounds are expressed for 
Clove that can be referred to eugenol, eugenyl acetate, 
gallic acid, β-caryophyllene, 2-heptanone, humulenol, 
α-humulene, and others. The finding acquired from some 
studies represented that clove  contains the fundamental 
therapeutic properties such as antibacterial, antifungal, 
antiviral, antifungal, anti-parasitic, anti-vomiting, anti-

inflammatory, antispasmodic, anti-mutagenic, and 
antioxidant. It is recognized that the nephroprotective 
impact of clove, as a potent antioxidant, is the result of 
eliminating a variety of free radicals and metal chelating 
potency (11,12).

Objectives
The present investigation was designed to examine the 
ameliorative effect of clove buds (S. aromaticum) on CI-
AKI in rats.

Materials and Methods 
Plant material and extraction
Dried clove buds (S. aromaticum) were prepared from a 
local herb market in Shahrekord and were identified by 
local herbologist of the center. We used iodixanol as the 
contrast media. To prepare the extract of the clove buds, 
at first clove powdered and then 250  g of clove power 
macerated in aqueous ethanol 70% (v/v) for 72 hours 
at room temperature with intermittent shaking. The 
macerated mixture was filtered through Whatman filter 
paper. Afterward, mixture concentrated using rotary 
evaporator (RE 100 Bibby, Stone Staffordshire England, 
ST15 OSA) at 50◦C  and dried in a laminar hood to 
remove residual moisture. Finally, the extracts were stored 
at  -20◦C until used.

Animals and study design
Forty male Wistar rats with a mean body weight of 200-
250 g in the Medical Plants Research Center in Shahrekord 
University of Medical Sciences were studied. All animals 
were kept in normal laboratory conditions (temperature; 
21-25◦C and light cycle; 12 h dark-12 h light). Rats 
randomly assigned into four groups, 10 rats for each;
Group 1; normal rats (control group; sham group); they 
did not receive any drugs.
Group 2; rats were received 10 ml/kg as a single dose of 
iodixanol (contrast media) by intravenous (IV) injection. 
Group 3; rats received 10 mg/kg clove by intraperitoneal 
(IP) injection for three days, while in day forth, they 
received a single dose of iodixanol (10 ml/kg).
Group 4; rats of this group first received a single dose of 
iodixanol (10 mL/kg), then rats treated by clove (10 mg/
kg) by intraperitoneal (IP) injection for three days (days 
2, 3 and 4th).

Histopathological study
The kidneys were removed immediately after sacrificing 
and fixing with 10% formalin for morphological study. 
Then, 3 µm-thick sections of renal tissues were prepared 
and stained with hematoxylin and eosin (H&E) for 
pathological evaluation. Kidney sections were examined 
by a light microscope for intensity of kidney damage by 
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examination for degeneration, flattening and necrosis 
of renal tubular cells and also dilatation of tubular 
lumen. The slides were coded and examined by a 
nephropathologist who was blinded to the animal groups. 
The morphologic lesions were presented as the mean 
percent for each morphologic variable. For comparing 
the morphologic variables of degeneration, flattening, 
necrosis and dilatation between the groups, we used a sum 
of four morphologic variables as a total injury.

Ethical issues
All experimental protocols and steps of the tests were 
conducted in compliance with the regulations of the 
Research Ethics Committee of Iranian Ethical Guidelines 
for the use of animals in research. Additionally, all animal 
experiments were in accordance with protocols approved 
by the United States National Institutes of Health (NIH, 
1978). This study was also approved and supported by 
Ethics Committee of National Institute for Medical 
Research Development (NIMAD; http://nimad.ac.ir/), 
Iran (#963554). 

Statistical analysis
All parameters were summarized with mean and standard 
deviation. One-way analysis of variance (ANOVA) 
and post hoc tests (Bonferroni test) were used for the 
comparison of mean values between groups. P values of 
less than 0.05 were assumed to be significant (P<0.05). To 
calculate sample size and data analysis SPSS version 21.0 
software  was used.

Results
Table 1 shows mean ± SD of the sum of the morphologic 
variables of injury (degeneration, flattening, necrosis, and 
dilatation) in each group. As this table shows, we found 
a significant difference between groups (P = 0.001; one-
way ANOVA). Table 2 shows a significant difference in 
various types of injury (degeneration, flattening, necrosis, 
and dilatation) among the groups too (P = 0.001; one-way 
ANOVA). Table 3 shows a significant difference between 
three groups of II, III and IV (P < 0.001; Bonferroni 

test). We found a significant difference between groups 
II (contrast media) and III (rats pretreated by clove 
buds) (P < 0.001). Accordingly, we detected a significant 
difference between groups II (contrast media) and IV (rats 
post-pone treated by clove buds) (P < 0.001) too. There 
was not a significant difference between groups of III and 
IV (P > 0.05) (Figure 1).

Discussion
In this study we examined some morphologic variables of 
injury to the renal tubular cells including degeneration, 
flattening, necrosis, and dilatation to detect the 
nephroprotective feature of clove bud against CIN-AKI. 
This study showed a significant difference in various 
types of injury (degeneration, flattening, necrosis, and 
dilatation) among the groups, while we found a significant 
difference between groups II (contrast media group) and 
III (rats pretreated by clove buds) and also a significant 
difference between groups II (contrast media group) 
and IV (rats post-pone treated by clove buds). However, 
there was not a significant difference between pretreated 
or post-pone treated rats with clove bud’s groups of III 
versus IV. The findings showed that post-pone treatment 
of clove was also effective to mitigate the injury induced 
by contrast media. Renal proximal tubular cells are 
exposed to various intracellular accumulation of drugs or 
toxicants. Renal toxicity by drugs is the primary trigger of 
renal insufficiency which may result in acute renal failure 
and chronic renal failure and, finally, end-stage kidney 
failure. This study firstly showed the renoprotective 
prosperity of clove buds against contrast nephropathy 
and secondly post-pone treatment efficacy as well as the 
pretreatment by this herbal drug. Previously in an animal 
model study, Abozid et al showed that rats treated with 
clove or clove essential oil strangely inhibited the elevation 
of plasma levels of AST, ALT, compared with hydrogen 
peroxide treated rats alone. They also detected a significant 
decrease in renal markers such as urea and creatinine in 
the group of hydrogen peroxide and clove compared with 
hydrogen peroxide treated alone. Plasma antioxidant state 
(malondialdehyde content and catalase activity), also 
showed the same ameliorative property against hydrogen 
peroxide toxicity. Abozid et al suggested that extract of 
clove or clove essential oil has hepatoprotective and 
renoprotective effects against hydrogen peroxide-induced 
oxidative stress on both liver and kidney (13). Similarly 
to examine the potency of Clove on malondialdehyde 
and superoxide dismutase in the liver of Rabbits under 
hypercholesterolemia situation, Mu’nisa et al found that 
clove leaf extract could overwhelm superoxide dismutase 
and malondialdehyde elevations in rabbits’ liver tissue 
under situation of hypercholesterolemia. Accordingly, 
Clove kept superoxide dismutase activity (14). To find, 

Table 1. Mean ± SD of  the sum of  injury (degeneration, flattening, 
necrosis, and dilatation) in each group

Groups Sum of  injury
Mean SD

Control 1.7  1.25
Contrast media 87.20 20.67
Clove + contrast media 25.60 4.67
Contrast media + clove 17.80 3.74
Total 33.08 34.42
F (ANOVA) 120.614
P value 0.001

http://nimad.ac.ir/
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the efficacy of S. aromaticum essential oil against kidney 
intoxication by lead in rats during development, Adli 
and Hachem delectated that the use of essential oil 
clove significantly reduced the previous lead-induced 
biochemical modifications in serum and kidney tissue 

as well as the histological and cellular modifications. 
They concluded that the essential oil of S. aromaticum 
is efficient against lead nephrotoxicity (15). To find the 
protecting impact of S. aromaticum against ethotrexate-
induced liver and kidney nephrotoxicity in rats, Al-Azem 
et al found that rats treated by methotrexate showed 
significant histopathological changes in renal tissues like 
degeneration, inflammatory cell infiltration, necrosis, and 
hemorrhage. While alteration of kidney tissues was less 
observed in rats treated with methotrexate and essential 
clove oil (16).

Conclusions
In conclusion, hydroalcoholic extract of clove buds (S. 
aromaticum) can effectively ameliorate CI-AKI in an 
animal study. Importantly, post-pone treatment of this 
herbal drug was as effective as pre-treatment.
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Table 2. Intergroup comparison of types of renal injuries

Comparison between groups
Mean ± SD

Degeneration Dilatation Necrosis Flattening
Control 1.25 ± 1.70 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Contrast media 32.10 ± 12.81 26.00 ± 5.91 15.20 ± 7.16 3.96 ± 13.90
Clove + Contrast media 12.60 ± 3.47 4.50 ± 1.90 5.2 ± 2.20 3.30 ± 0.95
Contrast media + Clove 7.20 ± 2.97 4.90 ± 0.99 3.20 ± 0.79 0.70 ± 2.50
 Total 13.34 ± 13.40 8.85 ± 10.65 5.90 ± 6.80 5.74 ± 4.93
F (ANOVA) 37.525 137.412 30.324 88.595
P value 0.001 0.001 0.001 0.001

Table 3. Comparison of the sum of morphological variables of 
injury (degeneration, flattening, necrosis and dilatation) between 
groups

Comparison between groups
Mean difference 
(I-J) ± SD

P value

Control vs. Contrast media -85.50±4.82 <0.001
 Control vs. Clove + Contrast
media -23.90±4.82 <0.001

 Control vs. Contrast media +
Clove -16.10±4.82 <0.012

 Contrast media vs. Clove +
Contrast media 61.60±4.82 <0.001

 Contrast media vs. Contrast
media + Clove 69.40±4.82 <0.001

III vs. IV 7.80±4.82 0.680

Figure 1. Bars show means ± SD (n=10/group) of the sum of the 
morphologic variables of injury in each group.
*P < 0.05, **P < 0.001, significantly different from control group; 
+P < 0.05, ++P < 0.001, significantly different from contrast media 
group; #P < 0.05, ##P < 0.001, significantly different from clove + 
contrast media group.

Media
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Committee of NIMAD (national institute for medical 
research development in Iran (#963554). 
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