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ABSTRACT

Background: The kidney has an essential function in maintaining homeostasis by carrying out functions such as blood filtration,
hormone synthesis, and drugs metabolism. This study is done to examine the combined effects of ramipril and parsley Leaves
water-soluble extract on nephrotoxicity induced by gentamicin.

Methods: A case control study was carried out at the Pharmacology Department Islamic International Medical College in
collaboration with NIH Islamabad, from September 2019 to August 2020. This study was conducted with a sample of 50 healthy
male albino rats. After collecting baseline measurements of urea and creatinine randomly, rats were divided into two groups.
Group 1 was designated as the control group and remaining four groups were experimental groups. On day 35, the results were
analyzed using biochemical parameters and histopathological evaluations. The statistical analysis was conducted using SPSS
version 22. The One-way ANOVA test was applied to ascertain any variations in mean values. The post hoc Tukey's test has
been used to perform several comparisons among the groups. A significance level was p<0.05.

Results: The treatment group 5, which received both parsley and ramipril, exhibited a significant decrease in serum creatinine
and urea levels in nephrotoxic rats, in comparison to group 3 (Group treated with parsley) and group 4 (Group treated with
Ramipril). It also exhibited significant improvements in histological evaluation. The group reported reduced indications of renal
injury, including minimal infiltration of inflammatory cells, minimal vacuolation and necrosis.

Conclusion: The current investigation has determined that the aqueous extract of parsley leaves and the drug ramipril both
independently improve the nephrotoxic effects caused by gentamicin.
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INTRODUCTION
The kidney, a vital organ in the human body, has an essential
function in maintaining homeostasis by carrying out functions such
as blood filtration, hormone synthesis, and drugs metabolism. The
kidney receives about 20% of cardiac output, which puts it at
significant risk of damage due to drugs and toxin exposurel. Acute
kidney damage (AKI), a prevalent and serious clinical issue, is
distinguished by a high rate of morbidity and mortality.
Epidemiological research suggests that there is a significant
occurrence of chronic kidney disease (CKD) after an episode of
acute kidney injury (AKI), with drug-induced nephrotoxicity being a
prominent contributing factor?. Worldwide, between 19% and 25%
of cases of kidney damage in critically ill patients are caused by
nephrotoxic drugs, which can be identified through elevated levels
of urea and creatinine in the blood**. There has been a worldwide
increase in the prevalence of CKD. CKD ranked as the 27th most
common cause of mortality worldwide in 1990, but surged to the
18th position by 2010. CKD stages 1-5 have a global prevalence
of around 23.4%, and Pakistan has experienced a significant rise
in CKD cases due to inadequate healthcare facilities®.
Aminoglycosides, including gentamicin, have played a vital
role in the treatment of severe infections since the 1940s. Although
they are highly effective, one important disadvantage is
nephrotoxicity, which mostly damages the renal tubular cells®”.
Angiotensin-converting enzyme inhibitors (ACEls), including
ramipril, are currently considered as optimal antihypertensive drug
has demonstrated effectiveness in decreasing proteinuria and
tubular damage®. Simultaneously, there is increasing interest with
natural antioxidants derived from herbs such as parsley
(Petroselinum crispum) due to their potential health benefits,
including nephroprotection. Parsley exhibits notable therapeutic
qualities, such as anti-inflammatory, anti-edematous, and
antioxidant activity, which are essential for the regeneration of
kidney tissue following nephrotoxicity®1°.
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The aim of our study is to evaluate the combined
nephroprotective effect of a water-based extract of parsley leaves
and Ramipril on gentamicin-induced kidney injury in rats. This
study proposes that the collaboration between these agents might
improve their particular protective characteristics while potentially
minimizing adverse effects. The research aims to support
nephroprotective measures, particularly in areas such as Pakistan
where the prevalence of CKD is increasing and healthcare
resources are frequently limited.

MATERIAL AND METHODS
This research was a case control study carried out at the
Department of Pharmacology (reference number
Riphah/IIMC/IRC/19/0354) in collaboration with the National
Institute of Health (NIH) Islamabad, extending a duration of one
year from September 2019 to August 2020. Forty adult albino rats
were bought from the animal house of NIH and housed in
conventional cages under standard laboratory settings. The rats
were subsequently segregated into four groups, and with each
group including 10 animals. The study included healthy male
albino rats with a weight range of 300-350 grams. Rats that were
unhealthy or weighed below 300 grams were excluded from the
study. Group 1 was the control group, providing a point of
reference for regular biochemical parameters in comparison to the
other experimental groups (group 2 to group 5). The control group
was administered a standard baseline diet without any therapy.
The trial started with the measurement of blood creatinine
and urea levels on day 0. High-quality Gentamicin and Ramipril for
research purposes were obtained from Sigma Aldrich. The
experimental group animals (groups 2, 3, 4, 5) were administered
with Gentamicin at a dosage of 80mg/kg intraperitoneally (IP) for
eight consecutive days to produce nephrotoxicity. The
nephrotoxicity was assessed by measuring biochemical
parameters one day after the final dose of Gentamicin. The RIFLE
criteria, which stands for risk injury failure loss end stage renal
disease, were employed to assess nephrotoxicity. Treatment was
administered to rats in groups 3, 4, and 5 following the
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development of nephrotoxicity. Total 100 grams of parsley leaves
were finely chopped and boiled in 1000 ml of water for one hour.
The solution was further purified by passing it through the
Whatman filter paper No.l. Subsequently, the concoction was
allowed to cool and preserved at a temperature of 4°C till it was
ready for use. This extract was made biweekly. Each rat in group 3
and 5 received a daily oral dose of 2ml of parsley leaf extract for a
duration of 4 weeks. Group 4 and 5 received a dosage of Ramipril
at a rate of 10mg/kg of body weight per day, administered orally by
drinking water, for a duration of four weeks. On the 35" day, the
study was completed and the last blood samples were obtained by
conducting a cardiac puncture. The serum urea level was
measured using the Urease-GLDH enzymatic UV test. The
measurement of serum creatinine was conducted using Jaffe's
reaction. Histopathological sample were collected which were
preserved in 10% formaldehyde. To assess the kidney injury,
following parameters were considered. Tubular necrosis, infiltration
of inflammatory cells and Vacuolization.

SPSS 22 was used to conduct statistical Analysis. The
findings were interpreted as the average value *the standard
deviation (SD). One-way ANOVA was used in the analysis to
compare the quantitative parameters among the five groups.
Multiple comparisons between these groups were performed using
the post hoc Tukey's test.

RESULTS

Biochemical parameters evaluation at first, the four groups in the
current study had similar serum urea and creatinine levels. The
rats in groups 2, 3, 4, and 5 experienced kidney impairment after
receiving an intraperitoneal injection of gentamicin at a dose of 80
mg/kg/day for eight days. In order to assess the advancement of
the study and verify the production of nephrotoxicity, two rats were
randomly selected from each group on day 9 prior to any additional
intervention.

The results indicated an impairment of renal function tests
(RFTs). On day 35, at the last sample, the average serum
creatinine levels for groups 1, 2, 3, 4 and 5 were 0.64 mg/dl, 1.78
mg/dl, 0.98 mg/dl, 1.05 mg/dl and 0.86 mg/dI respectively. Among
the groups, a significant difference was noted. The mean serum
urea levels were 24.70 + 1.63 mg/dl in 1% group, 70.00 + 3.92
mg/dl in 2" group, 41.90 + 2.48 mg/dl in 3™ group, 44.80 * 2.81
mg/dl in 4" group and 36.30 + 2.59 mg/dl in 5" group. Comparing
the levels of urea between groups on day 35, no statistically
significant differences were seen between group 3 versus 4, group
3 versus5, and group 4 versus5. However, significant
differences were observed in the remaining groups as shown in
(Table I).

Table 1: Post-hoc Tukey test was conducted to compare the levels of urea
among different groups on day 35.

an insignificant statistical difference between the groups 1 vs 3, 1
vs 5,3 vs 4,3 vs 5 and 4 vs 5, which are all significant. (Table II).

Table 2: Post-hoc Tukey test was conducted to compare the levels of
creatinine among different groups on day 35

Creatinine
Groups Mean difference p value
lvs2 -1.14000* .000
1vs3 -.34000* .007
lvs4 -.41000* .001
1vs5 -.22000 161
2vs 3 .80000* .000
2vs4 .73000* .000
2v5 .92000* .000
3vs4 -.07000 .947
3vs5 .12000 717
4vs5 .19000 .286

1 2

-
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Figure 1: The histological characteristics indicate (1) Negligible (2) Severe
(3) Minimal (4) Minimal (5) Minimal infiltration of inflammatory cells.

2

Urea

Groups Mean difference p value
lvs2 -45.30000* .000
1vs3 -17.20000* .001
lvs4 -20.10000* .000
1vs5 -11.60000* .039
2vs3 28.10000* .000
2vs4 25.20000* .000
2v5 33.70000* .000
3vs4 -2.90000 .947
3vs5 5.60000 .619
4vs5 8.50000 .216

The ANOVA analysis in table-ll indicates a significant

difference in means between groups, suggesting that at least two
groups are distinct from each other. To further investigate this
difference, a post hoc test for mean comparison (Tuckey's test)
was conducted. Mean differences were used to compare the
results in Tuckey's test. It was found that there was no significant
difference between the groups in creatinine levels on day 35. The
assessment of creatinine levels across groups on day 35 showed

Figure 2: The histological characteristics indicate (1) Negligible (2) Moderate
to Severe (3) Minimal (4) Mild to minimal (5) Minimal to negligible
vacuolation of cells.

Histological evaluation for infiltration of inflammatory cells
shown in Figure 1. The histological characteristics indicate all rats
in group 1 had minimal infiltration of inflammatory cells. Within
group 2, 40% of the rats had a moderate level of infiltration of
inflammatory cells, while the remaining 60% showed a severe level
of infiltration. A minimum penetration of 70% was observed in
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group 3. Within group 4, 50% of the rats had low infiltration of
inflammatory cells, while 40% displayed mild infiltration. Group 5
exhibited 30% negligible infiltration and 60% minimal penetration.
The differences in infiltration grades were statistically significant
among all groups, with a p-value of < 0.05.

Vacuolation showed in Figure 2, all rats in group 1 had
normal renal architecture without vacuolation. Within group 2, 60%
of the rats exhibited mild vacuolation, while 40% displayed severe
vacuolation. Within group 3, 60% exhibited minimal Vacuolation,
whereas 30% mild Vacuolation. Within group 4, 40% exhibited
minor vacuolation, whereas the remaining 60% had mild
vacuolation. Group 5 demonstrated 40% negligible vacuolation and
60% minimal vacuolation. The vacuolation of all groups exhibited a
p-value of less than 0.05 indicates a significant difference.

The renal tubular necrosis showed in Figure 3, within group
1, 90% of the rats had a typical structure of the renal cortex. Within
group 2, 60% exhibited moderate whereas the remaining 40%
displayed severe tubular necrosis. Within group 3, 20%
rats exhibited negligible, whereas 40% showed minimal and the
remaining 40% displayed mild necrosis. Within group 4, 40% of the
rats exhibited minor, whereas the remaining 60% displayed mild
tubular necrosis. Group 5 exhibited 60% insignificant and 30%
minor tubular necrosis. The tubular necrosis varied significantly
among the groups, with a p-value of <0.05.

Figure 3: The histological characteristics indicate (1) Negligible (2) Moderate
to Severe (3) Mild to Minimal (4) Mild to minimal (5) Minimal to negligible
tubular necrosis.

DISCUSSION
The kidneys have a vital function in maintaining homeostasis within
the circulatory system of the body, particularly by acting as the
primary site for the removal and filtration of foreign substances
(xenobiotics). Nephrotoxicity is caused by the buildup of these
foreign substances, and is recognized as a primary factor in the
development of end-stage renal disease (ESRD) ! Gentamicin,
an aminoglycoside antibiotic, is used for its efficacy against gram-
negative aerobic bacteria, however it is known to have significant
adverse effects such as ototoxicity and nephrotoxicity. Its
accumulation in the kidneys, results in brush border damage, acute
tubular necrosis, and a reduced glomerular filtration rate (GFR).
The main cause of gentamicin's adverse reactions is oxidative
stress, which is characterized by a reduction in antioxidants and an
elevation in the production of toxic substances. Free radicals,
leading to lipid peroxidation and cellular necrosis in renal tubules.
As a consequence, there is an increase in the amounts of urea and
creatinine in the blood, which suggests damage to the kidneys*2.
The study demonstrated the fatal consequences of
gentamicin poisoning by analyzing histology specimens and

biochemical markers. Group 2 rats had notable tubular necrosis,
nuclear alterations, and the presence of apoptotic cells. This
discovery aligns with prior study conducted by Azouz®®, Erseckin4,
Merdana®®>, and Mehanna'®, who also reported comparable
observational studies on kidneys. Parsley contains flavonoids,
coumarins, tocopherol, and carotenoids, which provide it diuretic,
nephroprotective, and antihypertensive effects. It is effective in
treating kidney diseases, such as the formation of urinary stones®’.
The trial also includes Ramipril, an antihypertensive drug that
improves the outcomes of nephropathy by decreasing
intraglomerular pressure and proteinuria. The research findings
demonstrate that Ramipril, whether administered alone or in
conjunction with parsley, effectively enhances kidney functioning.
This underscores its potential as a treatment for gentamicin-
induced nephrotoxicity in rats*®.

The study reinforces the findings of Elkomy et al,
demonstrating the nephroprotective properties of parsley against
gentamicin-induced nephrotoxicity' '°. This is evidenced by the
reduction in serum urea and creatinine levels. Additionally, there
was seen improvement in the histopathological findings, in line with
Pandit's study on the nephrotoxic effects of Cisplatin, which
emphasizes the renal protective properties of parsley®. The study
highlights the synergistic effects of the aqueous extract of parsley
leaves and ramipril in group 5. The data demonstrate significant
differences in urea and creatinine concentrations between group 5
and group 2, suggesting a protective effect on the kidneys during
acute inflammation. The histological measures exhibited
improvement, as evidenced by the presence of inflammatory cell
infiltrate in 30% of rats in group 5, and the absence of vacuolation
in 40% of rats. Group 5 rats experienced improved renal function,
as evidenced by enhanced blood indicators and histology,
following the simultaneous treatment of parsley and ramipril after
nephrotoxicity.

CONCLUSION

The current investigation has determined that the aqueous extract
of parsley leaves and the drug ramipril both independently improve
the nephrotoxic effects caused by gentamicin. Furthermore, it has
been established that the concurrent administration of ramipril and
parsley have a synergistic impact on enhancing kidney function in
cases of nephrotoxicity caused by gentamicin. This study also
finds that when comparing the effects of ramipril and parsley
leaves aqueous extract individually, parsley extract demonstrates
superior efficacy to ramipril. Overall combination of parsley and
ramipril is best among all in improving nephrotoxicity induced by
gentamicin.
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