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ABSTRACT

Background: Aspirin is one of the widely used anti-inflammatory nonsteroidal drug worldwide, which can cause
nephrotoxic effects by inhibiting prostaglandin synthesis. Curcumin, an active component of turmeric, possess anti-
inflammatory and antioxidant properties that help to protect renal tubules.

Objectives: To determine the protective role of curcumin in preserving the diameter of distal convoluted tubules (DCT)
after aspirin-induced renal toxicity in adult female albino rats.

Methods: A random selection of sixty albino rats was done, and then divided into four groups. Group A was labelled as
the control and was given distilled water. Group B received aspirin alone, and Groups C and D received aspirin along
with low and high doses of curcumin, respectively. Renal tissues were taken out for histological evaluation and for
morphometric measurement of DCT diameter. ANOVA followed by Tukey's test was used for the analysis of data.
Results: The largest diameter of DCT was observed in Group A (56.7 + 2.4 um). Administration of aspirin
significantly decreased DCT diameter among the rats in Group B and Group C. While Group D rats showed significant
preservation of diameter when compared to Group C and Group B rats, and it was statistically significant, indicated
by a p-value of 0.007.

Conclusion: Curcumin showed a dose-dependent protective effect on distal tubular structures to counteract aspirin-
induced nephrotoxicity.
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INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) rank
among the most widely used over-the-counter

medications globally due to their simultaneous action
against fever, pain and inflammation. Acetyl salicylic
acid, also known as aspirin, is one of the commonly
prescribed NSAIDs. This drug acts by irreversible
inhibition of cyclo-oxygenase enzymes, resulting in the
disruption of arachidonic acid synthesis pathways and
reduced prostaglandin formation. Due to its anti-
thrombotic and antiplatelet properties, it is used as a
potent drug for the prevention of cerebrovascular
accidents and myocardial infarction among high-risk
patients.? However, with long-term and high-dose use of
aspirin, certain adverse effects like gastrointestinal
bleeding,® liver toxicity and adverse renal effects have
been reported*. The renal effects include tubular atrophy,
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interstitial nephritis and papillary necrosis. In addition to
this, aspirin-induced nephrotoxicity is related to
increased oxidative stress and altered hemodynamics in
the renal tissue. Among other renal cells, the kidney’s
distal convoluted tubular cells (DCT) are also affected by
these mechanisms. DCT plays a vital role in maintaining
serum electrolyte balance, especially calcium and
phosphate. Any structural damage to the renal tubule
impairs its function, which can compromise renal
homeostasis.

Curcumin (diferuloylmethane), having very strong
antioxidant & anti-inflammatory properties,® is a
polyphenolic compound derived from the rhizome of
Curcuma longa. These therapeutic properties of
curcumin help in reducing drug-induced organ toxicities,
especially nephrotoxicity. In addition, it also acts as a
bactericidal agent® and prevents aging.” Since an increase
in the oxidative stress at the cellular level is one of the
major tissue injury mechanisms related to aspirin, this
study aimed to explore the benefits of curcumin extract
on the histopathological changes in the DCT of the
kidneys against aspirin-induced nephrotoxicity.

METHODS
Ethical approval of this study was granted by the
Institutional Review Board (IRB) of FPGMI, Lahore
(Ref. No0.F.39/22). This experimental study was
conducted on 60 female Wistar albino rats weighing
between 200 and 250g and aged 3-4 months. Rats were
randomly divided into four groups: Group A, Group B,
Group C and Group D. Each group consisted of 15 rats
and was selected by using a lottery method (randomised
control study). These rat groups were kept in four
different and separate enclosures (cages). The rats were
given a time of two weeks to adapt before the start of the
experiment. Standard laboratory conditions were
provided with room temperature (24°C+5°C), humidity
(45%+5%) and alternate cycles of light (12 hrs) and dark
(12 hrs). The experimental rats were given free access to
standard food and water without any restriction.
Experimental Groups:
e Group A: Control group that received distilled water
(10ml/kg/day)
e Group B: Administration of
(100mg/kg/day)
e Group C: Aspirin 100mg per kg per day + Curcumin
15mg/kg/day (low-dose curcumin)
e  Group D: Aspirin 100mg per kg per day + Curcumin
30mg/kg/day (high dose curcumin)
Drug Administration:
Aspirin powder was obtained by crushing 1 pack of
aspirin tablets (100mg). It was then mixed with 1ml of
distilled water to attain a homogenous mixture. For the
curcumin extraction, turmeric was purchased from the
local market, and afterwards its extract was obtained

aspirin -~ only

from the Pakistan Council of Scientific and Industrial
Research (PCSIR), Laboratories Complex, Lahore. The
procedure uses ethanol, as ethanol extraction yields the
maximum curcuminoid content. It was then administered
to the adult female albino rats via orogastric tube for a
consecutive 30 days.®

Histological and Morphometric Evaluation: The rats
were anaesthetised and then sacrificed on the final day of
the study period. The kidneys were dissected out and
fixed in 10% formalin. Subsequently, the kidney tissue
was processed for histological examination. For
microscopic observation, serial sections were stained
with hematoxylin and eosin (H&E). The diameter of
DCTs was measured from basement membrane to
membrane using an ocular micrometre (40x objective).
Mean values were recorded.

Statistical Analysis: Data analysis was done using SPSS
version 25. For intergroup comparison, ANOVA was
applied. Then Tukey's post-hoc test was done, and a P-
value <0.05 was marked as significant.

RESULTS

In the current experimental study, rats from all four
groups exhibited normal behaviour and appetite. They
remained healthy till the completion of the experiment.
ANOVA compared the diameter of DCT among A, B, C
and D. Group B showed a marked decrease in diameter,
whereas Group D showed an improvement in the
diameter when treated with high-dose curcumin (Table 1
& Fig. 1).

DCT Diameters (Mean + SD)

Table 1: Diameter of distal convoluted tubule of control
group A, positive control group B given aspirin and
experimental groups C & D given aspirin & curcumin.

Group Mean SD  Min. Max.
Diameter
(Hm)

A (Control) 56.7 2.4 54 61
B (Aspirin) 435 1.7 40 45
C (Aspirin + 42.3 34 33 48
Curcumin Low)

D (Aspirin + 45.3 19 43 48

Curcumin High)

Table 1 shows the mean diameter of DCT among
different groups. ANOVA test showed a highly
significant difference among groups (p<0.001). Highly
significant reduction in DCT diameter was observed in
groups B and C in comparison to group A, with a p-value
<0.001. Group D had a significantly larger DCT diameter
than Group C (p value=0.007). No significant difference
between Groups B and C (p value=0.493), and between
Groups B and D (p value=0.223) was found.
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Table 2: Group-wise comparison of the diameter of the
distal convoluted tubule among animals of various
groups A,B,C&D

() Group  (J) Group Mean Std. Error  P-value
Difference
(1-9)
GroupA  Group B 13.13 0.893 0.000**
Group C 14.40 0.893 0.000**
Group D 11.40 0.893 0.000**
GroupB  GroupC 1.27 0.893 0.493+
Group D -1.73 0.893 0.223+
GroupC  Group D -3.00 0.893 0.007*

Based on Tukey's test.

A: Control Group of rats

B: Positive control Group of rats

C: Experimental Group | of rats

D: Experimental Group Il of rats

: Highly significant difference (P<0.001)
*: Significant difference (P<0.05)

+: Insignificant difference (P>0.05)

Fig. 1. Diameter of distal convoluted tubule of control
group A, positive control group B given aspirin and

experimental groups C & D given aspirin with low &
high doses of curcumin.
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DISCUSSION

Aspirin is a commonly used and prescribed NSAID as it
has effective antiplatelet, antipyretic and anti-
inflammatory properties, mainly affecting the tubular
parts of the nephron. Despite its therapeutic effect, long-
term use of aspirin is linked with nephrotoxicity. The
present study examined significant histomorphological
changes of aspirin on the distal convoluted tubules
(DCT). The findings of this study are consistent with the
previous studies, which have reported that the underlying
mechanism of tubular degeneration involves tubular
vacuolization, characteristic of NSAID-induced injury*.
It occurs due to hypoxia, reduction in the production of
ATP, free radical production, injury to mitochondria and

peroxidation damage.® These effects decrease the renal
perfusion, followed by structural and functional insult to
DCT.

The DCT is lined by simple cuboidal epithelium and
plays a pivotal role in selective reabsorption and
electrolyte balance. In the present study, aspirin-treated
groups B and C exhibit marked structural damage to DCT
cells, characterised by narrowing of DCT diameter, both
outer and luminal, along with a reduction in the number
and size of distal tubular cells.’® This reduction may
result from degeneration and atrophy of tubular epithelial
cells following prolonged exposure to aspirin. In aspirin-
treated groups, the tubular vacuolization indicates
cellular injury and tubular degeneration. This highlights
its ability to induce hypoxic damage with oxidative stress
within renal tubular cells. Similar findings have been
reported in previous experimental studies where chronic
administration of nephrotoxic agents resulted in
epithelial cell damage, tubular distortion and reduction in
tubular dimensions.** The tubular damage not only
indicates morphological deterioration but also reveals
weakened tubular reabsorptive function, ultimately
leading to decreased renal efficiency. In contrast, Group
D, receiving a high dose of curcumin along with aspirin,
demonstrated the partial preservation of luminal diameter
and structure of DCT. Histological examination revealed
wider tubular lumina and preserved epithelial lining
when compared with aspirin-treated groups. Lipid
peroxidation was prevented by the antioxidant and anti-
inflammatory properties of curcumin, as well as helping
to counteract reactive oxygen species (ROS).?2
Curcumin preserves the structure of tubular epithelial
cells and limits oxidative stress by increasing the activity
of endogenous antioxidant enzymes and stabilising
cellular membranes.!314

The present study revealed a dose dependent differences
in the effects of curcumin. While low-dose curcumin
(Group C) failed to show a significant benefit over aspirin
alone, high-dose curcumin (Group D) significantly
improved structural damage, emphasising a dose-
dependent protective role.

CONCLUSION

Curcumin, especially in higher doses, significantly
protects and helps in preserving aspirin-induced DCT
narrowing. It offers a promising prophylactic strategy
against NSAID-induced nephrotoxicity. Further research

on biochemical correlates and human trials is
recommended.
LIMITATIONS

The sample size is small, limiting the generalizability of
results. Long-term outcomes following cessation of drugs
were not evaluated. Only two doses of curcumin were
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evaluated, preventing a detailed evaluation of the dose-
response relationship.

FUTURE RECOMMENDATIONS

Studies involving a larger sample size and multiple doses
of curcumin should be conducted to determine the
optimal protective dose of curcumin. Longitudinal
studies are required to determine the long-term efficacy
of curcumin administration. Further clinical trials are
needed to evaluate the efficacy of curcumin as a
protective agent against NSAID induced nephrotoxicity
in humans.
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