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INTRODUCTION

The kidney regulates body homeostasis through its 
excretory functions and important metabolic activities 
in the tubular epithelial cells. It is involved in the syn-
theses of hormones, and the degradation of low-mo-
lecular-weight proteins and peptides (1). The kidney is 
a major route of drug excretion, which predisposes it 
to nephrotoxicity. Drug-induced nephrotoxicity is an 
important cause of acute and chronic renal failure (2). 
Drugs have been responsible for 19%–25% of acute re-
nal failure in patients admitted in hospitals (3, 4).

Acyclovir (ACV), an antiviral drug, is used for the treat-
ment of varicella-zoster and herpes simplex virus in-
fections (5, 6). It is well tolerated, but can cause neph-
rotoxicity, which often leads to acute renal failure (7, 8). 
Epidemiology showed it may cause nephrotoxicity in 
12% to 48% of patients (6, 9). The nephrotoxic effect of 
ACV is primarily characterized by elevated plasma urea 
and creatinine levels and abnormal urine sediments (10, 
11). It can also be characterized by degenerative alter-
ations in tubular epithelial cells such as tubular necrosis 
(10, 11). The mechanisms by which ACV causes nephro-
toxicity have been speculated to involve direct assault 
on renal tubular cells and oxidative stress (11, 12).
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ABSTRACT

Objective: Nephrotoxicity may decrease the clinical use of acyclovir (ACV). Curcumin (CUM) is used traditionally as treatments 
for some diseases. This study examined the protective effect of CUM against ACV-induced nephrotoxicity in rats. 

Materials and Methods: Forty-five male Wistar rats (240–250g) randomized into nine groups (n=5) were used. Group 
1(Placebo control) received water (0.2mL/day) intraperitoneally (i.p) whereas group 2 (Solvent control) received corn oil 
(0.2mL/day) per oral (p.o) for 7 days. Groups 3-5 received CUM (25, 50 and 100 mg/kg/day p.o) for 7 days. Group 6 received ACV 
(150 mg/kg/day i.p) for 7 days. Groups 7-9 were pre-treated with CUM (25, 50 and 100 mg/kg/day p.o) before the treatment 
with ACV (150 mg/kg/day i.p) for 7 days. On day 8, the rats were anesthetized; blood samples were collected and evaluated for 
serum biochemical indices. The k idneys were weighed and assessed for histology and oxidative stress indices. 

Results: ACV produced no significant (p>0.05) effects on the body and kidney weights of rats when compared to control. 
ACV caused significant (p<0.001) elevations in serum creatinine, urea, uric acid and kidney malondialdehyde levels when 
compared to control. ACV significantly (p<0.001) decreased kidney glutathione,catalase, glutathione peroxidase, superoxide 
dismutase, serum total protein, albumin, potassium, chloride, sodium and bicarbonate levels when compared to control. 
Tubular necrosis and hypercellular glomerulus with mesangial proliferation occurred in the ACV-treated rats. ACV-induced 
nephrotoxicity was abrogated in a dose-related fashion by CUM 25mg/kg (p<0.05), 50mg/kg (p<0.01) and 100mg/kg 
(p<0.001) when compared to ACV.

Conclusion: CUM may clinically prevent ACV-induced nephrotoxicity.
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Curcumin (CUM) (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hep-
tadiene-3,5-dione) also known as diferuloylmethane is a nat-
ural yellow orange dye derived from the rhizome of Curcuma 
longa Linn., belonging to Zingiberaceae family (13, 14). CUM is 
a polyphenol, which has been shown to target multiple signal-
ing molecules. It has activity at the cellular level with multiple 
health benefits (15). It is locally used as treatments for inflam-
mation, metabolic syndrome, microbial infections, pain, and 
degenerative eye conditions (16-18). Potential effect of CUM 
as an antidote against toxicities, such as hepatotoxicity (19) 
nephrotoxicity (19) and cardiotoxicity (20) in animal models has 
been documented. Scientific information showed no study on 
the protective effect of CUM against animal models of ACV-in-
duced nephrotoxicity, thus this study examined its protective 
effect against a rat model of ACV-induced nephrotoxicity. 

MATERIALS AND METHODS

The guideline for the use of animals in experiments promul-
gated by the European Parliament and the Council was used 
for this study. Forty-five adult male Wistar rats were purchased 
from the animal breeding facility of the Department of Phar-
macology/Toxicology, Faculty of Pharmacy, Niger Delta Uni-
versity, Bayelsa State, Nigeria. The rats were randomized into 
9 groups of n=5 and allowed to acclimatize for 2 weeks prior 
to the experiment under 12/12-hour light and dark cycles with 
ad libitum access to diet and water. The study was approved by 
the Research Ethics Committee (NDU/PHARM/AEC/046) of the 
Department of Pharmacology/Toxicology, Faculty of Pharmacy, 
Niger Delta University, Bayelsa State Nigeria. 

Animal Treatment
Group I (Placebo control) was treated with water (0.2mL) in-
traperitoneally (i.p) daily for 7 days. Group 2 (Solvent control) 
was treated with corn oil (0.2mL) per oral (p.o) daily for 7 days. 
Groups 3-5 were treated with CUM (25, 50 and 100 mg/kg/p.o) 
in corn oil (21) daily for 7 days. Group 6 was treated with ACV 
(150 mg/kg/i.p) (22) daily for 7 days. Groups 7-9 were supple-
mented with CUM (25, 50 and 100 mg/kg/p.o) prior to the treat-
ment with ACV (150 mg/kg/i.p) for 7 days. Peperine (20mg/kg) 
was added to CUM to improve bioavailability (21).

Animal Sacrifice and Collection of Samples
On day 8, the rats were anesthetized in a diethyl ether chamber 
and blood samples were collected through cardiac puncture 
and allowed to clot. The clots were centrifuged (1500 rmp for 
20 min) and serum samples were extracted. The serum samples 
were used for biochemical investigations. The kidneys were 
collected through dissection, rinsed in physiological saline and 
homogenized in buffered (pH 7.4) 0.1 M Tris-HCl solution. The 
homogenates were centrifuged (2000 rmp for 20 min), and 
the supernatants were decanted and used for oxidative stress 
markers investigations. 

Assessment of Serum Biochemical Markers
Serum total protein, albumin, creatinine, uric acid, urea, sodi-
um, potassium, chloride and bicarbonate concentrations were 
measured using laboratory test kits according manufacturer’s 
specification.

Assessment of Kidney Oxidative Stress Markers
Malondialdehyde (MDA) was measured according to the meth-
od reported by Buege and Aust, 1978 (23). Catalase (CAT) was 
measured as described by Aebi, 1984 (24). Superoxide dismutase 
(SOD) was analyzed as described by Sun and Zigman, 1978 (25). 
Glutathione (GSH) was determined using the method described 
by Sedlak and Lindsay, 1968 (26). Glutathione peroxidase (GPx) 
was determined as reported by Rotrucket al. 1973 (27). 

Statistical Analysis
Values are expressed as mean ± SEM, n=5.  Values were analyzed 
using one-way analysis of variance (ANOVA) followed by Dun-
nett’s multiple comparison tests.  Graph Pad prism 5 (San Diego, 
CA) soft ware was used for computation. A probability value less 
than 0.05. 0.01, 0.001 was considered significant.

RESULTS

Effect of Curcumin on Body and Kidney Weights of Acyclovir-
Treated Rats
The rats treated with CUM showed (p>0.05) no difference in 
body and kidney weights when compared to control. Also, 
body and kidney weights were not different in the ACV-treated 
rats (p>0.05) when compared to control (Table 1). 

Table 1. Effects of curcumin on body and kidney weights of acyclovir-treated rats.

Group Final body weight (g)* Absolute kidney weight (g)* Relative kidney weight (%)*

Control (Placebo) 240.8±13.5 0.65±0.07 0.27±0.06

Control(Solvent) 245.0±15.9 0.67±0.01 0.28±0.01

CUM 25 mg/kg 250.1±16.0 0.60±0.03 0.24±0.01

CUM 50 mg/kg 245.7±14.1 0.66±0.01 0.27±0.07

CUM 100 mg/kg 257.3±16.4 0.61±0.04 0.24±0.05

ACV 150 mg/kg 240.8±17.2 0.67±0.06 0.29±0.01

CUM 25 mg/kg+ACV 245.4±14.0 0.63±0.07 0.26±0.03

CUM 50 mg/kg+ACV 244.7±18.2 0.60±0.08 0.25±0.06

CUM 100mg/kg+ACV 245.0±16.6 0.59±0.05 0.24±0.02

 *Values are shown as mean±SEM; n=5; CUM: Curcumin; ACV: Acyclovir; SEM: Standard error of mean.
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Effect of Curcumin on Serum Biochemical Markers of 
Acyclovir-Treated Rats
Treatment with CUM did not produce significant (p>0.05) ef-
fects on serum total protein, albumin, uric acid, creatinine and 
urea levels in comparison to control. In contrast, serum uric acid, 
creatinine and urea levels were significantly (p<0.001) increased 
whereas total protein and albumin levels were significantly 
(p<0.001) decreased in the ACV-treated rats when compared 
to control (Table 2). However, CUM (25, 50 and 100 mg/kg) sup-
plementation significantly decreased serum uric acid, creatinine 
and urea levels, but significantly increased serum albumin and 
total protein levels in a dose-related fashion at p<0.05, p<0.01 
and p<0.001, respectively when compared to ACV (Table 2).

Effect of Curcumin on Serum Electrolytes of Acyclovir-
Treated Rats
Treatment with CUM had no significant (p>0.05) effects on 
serum electrolytes in comparison to control. However, signifi-
cant decreases in serum electrolytes were observed in the ACV 
-treated rats when compared to control (Table 3). Interesting-
ly, CUM (25, 50 and 100 mg/kg) supplementation significantly 
increased serum electrolytes at p<0.05, p<0.01 and p<0.01, re-
spectively when compared to ACV (Table 3).

Effect of Curcumin on Kidney Oxidative Stress Markers of 
Acyclovir-Treated Rats
Treatment with CUM did not produce significant (p>0.05) ef-
fects on kidney MDA and antioxidant (GPx, SOD, GSH, and CAT) 

Table 2. Effect of curcumin on serum biochemical markers of acyclovir-treated rats.

Group Urea (mg/dL)* Creatinine (mg/dL)* Uric Acid (mg/dL)* Total Protein (g/dL)* Albumin (g/dL)*

Control (Placebo) 14.84±1.32 0.67±0.45 1.41±0.06 4.00±0.52 3.09±0.22

Control (Solvent) 14.06±1.00 0.69±0.11 1.53±0.09 4.11±0.62 3.13±0.70

CUM 25 mg/kg 14.62±1.54 0.65±0.08 1.39±0.07 4.02±0.78 3.11±0.45

CUM 50 mg/kg 14.76±1.00 0.66±0.06 1.37±0.01 4.04±0.61 3.14±0.64

CUM 100 mg/kg 14.48±1.24 0.63±0.01 1.35±0.16 4.07±0.17 3.16±0.73

ACV 150 mg/kg 38.91±4.51 a 2.59±0.44a 4.30±0.75a 1.30±0.61a 1.01±0.07a

CUM 25 mg/kg+ACV 29.64±3.21 b 2.00±0.36b 3.10±0.67b 2.10±0.56b 1.40±0.09b

CUM 50 mg/kg+ACV 21.34±2.78 c 1.32±0.10c 2.37±0.91c 2.87±0.69c 2.01±0.27c

CUM 100mg/kg+ACV 16.16±1.48d 0.80±0.06d 1.63±0.55d 3.88±0.75d 2.87±0.86d

*Values are shown as mean±SEM. n=5; CUM: Curcumin; ACV: Acyclovir; SEM: Standard error of mean. ap<0.001 when compared to control. bp<0.05 when compared 
to ACV, cp<0.01 when compared to ACV, d p<0.001 when compared to ACV.

Table 3. Effect of curcumin on serum electrolytes of acyclovir-treated rats.

 Group Potassium (mmo/L)* Chloride (mmo/L)* Sodium (mmo/L)* Bicarbonate (mmo/L)*

Control (Placebo) 3.63±0.19 112.93±13.8 147.83±14.3 10.65±1.66

Control (Solvent) 3.71±0.23 117.02±10.1 149.27±16.7 10.91±1.91

CUM 25 mg/kg 3.62±0.04 111.60±13.0 146.24±16.0 10.26±1.46

CUM 50 mg/kg 3.60±0.30 110.05±10.4 149.05±13.8 11.03±2.49

CUM 100 mg/kg 3.58±0.06 109.84±15.2 145.91±17.1 10.31±1.01

ACV 150 mg/kg 2.40±0.17 a 58.73±5.33 a 78.50±5.64 a 4.10±0.27 a

CUM 25 mg/kg+ACV 3.10±0.06 b 79.92 ±4.17b 99.14±7.16 b 6.00±0.07 b

CUM 50 mg/kg+ACV 3.51±0.43 c 99.26 ±8.33c 139.87 ±9.66 c 8.70±1.01c

CUM 100mg/kg+ACV 3.60±0.36 c 100.03±11.5c 140.03±12.1c 10.24±1.12 c

*Values are shown as mean±SEM. n=5; CUM: Curcumin; ACV: Acyclovir; SEM: Standard error of mean. ap<0.01 when compared to control. bp<0.05 when compared to 
ACV, c p<0.01.
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levels when compared to control. On the other hand, treatment 
with ACV significantly (p<0.001) increased kidney MDA level, 
but significantly (p<0.001) decreased kidney antioxidant levels 
when compared to control (Table 4). However, significant in-
creases in kidney antioxidants with significant decreases in kid-
ney MDA levels were observed in CUM (25, 50 and 100 mg/kg) 
supplemented rats in a dose-related fashion at p<0.05, p<0.01 
and p<0.001, respectively when compared to ACV (Table 4).

Effect of Curcumin on Kidney Histology of Acyclovir-Treated 
Rats
The kidney of the control rat showed normal glomerulus and 
renal tubule (Figure 1A), but the kidney of ACV-treated rat 
showed hypercellular glomerulus with mesangial proliferation 
and tubular necrosis (Figure 1B). The kidney of CUM (25 mg/kg 
and 50 mg/kg) supplemented rats showed hypercellular glom-
eruli with mesangial proliferation and normal renal tubules 
(Figures 1C and D) respectively. However, the kidney of CUM 
(100 mg/kg) supplemented rat showed normal glomerulus and 
renal tubule (Figure 1E).

DISCUSSION

ACV-induced nephrotoxicity is a serious adverse effect, which 
can affect treatment outcomes (28). Studies have reported var-
ious forms of nephrotoxicity caused by ACV including crystal 
nephropathy, acute interstitial nephritis, acute tubular necrosis 
and obstructive nephropathy (12, 29). Therapeutic outcomes 
and patients well-being can be significantly improved by curtail-
ing the nephrotoxic menace of ACV. CUM has shown therapeu-
tic activities against some animal models of diseases (30). This 
study assessed the protective effect of CUM on ACV-induced 
nephrotoxicity in rats. The current study supplemented the rats 
with CUM prior to the induction of nephrotoxicity with ACV. All 

evaluated renal markers were normal in the CUM-treated rats. 
On the other hand, ACV had a negative impact on the kidneys 
of the treated rats by elevating serum creatinine, urea, and uric 
acid levels. Similarly, Lu et al. (31) reported elevated levels of 
the aforementioned renal biochemical markers in ACV-treated 
mice. The kidney accounts for about 60%–90% of ACV elimina-
tion. ACV is relatively insoluble in urine; it is filtered by glomer-
uli and secreted by renal tubules (32). Therefore, ACV crystals 
can be deposited in renal tubules leading to the obstruction 
of nephron causing increased resistance to renal blood flow 
and the elevation of serum creatinine, urea, and uric acid levels 
(31, 32). ACV might have also reduced glomerular filtration rate 
(GFR) through the induction of renal oxidative stress leading to 
increased serum creatinine, urea, and uric acid levels. Oxidative 
stress can induce vasoactive mediators, which can cause renal 
vasoconstriction or decreased glomerular filtration capacity 
(33). However, CUM supplementation restored serum creati-
nine, urea, and uric acid levels in a dose-related fashion. Simi-
larly, Haung et al. (34) reported restored serum renal markers in 
cyclosporine-induced renal dysfunction in rats supplemented 
with CUM. In the current study, CUM might have restored the 
aforementioned renal markers by inhibiting ACV-induced renal 
obstruction, and oxidative stress, thereby increasing GFR. 

The ACV-treated rats showed decreases in serum electrolytes 
(sodium, potassium, chloride and bicarbonate), total protein 
and albumin levels. Some studies have also documented elec-
trolytes and protein abnormalities associated with ACV-ad-
ministration (35). The observation in the current study can be 
ascribed to ACV-induced increased urinary excretion of the 
aforementioned parameters. However, serum electrolytes, total 
protein and albumin levels were stabilized by CUM supplemen-
tation in a dose-related fashion. In accordance with this finding, 

Table 4. Effect of curcumin on kidney oxidative stress and antioxidant markers of acyclovir-treated rats.

Group MDA
(mmol/mg protein)*

GSH
(µmole/mg protein)*

CAT
(U/mg protein)*

SOD
(U/mg protein)*

GPx
(U/mg protein)*

Control (Placebo) 0.17±0.08 20.01±2.47 29.76±4.67 25.46±3.54 25.07±4.71

Control (Solvent) 0.18±0.01 20.53±1.67 29.93±3.88 26.03±2.37 25.35±3.35

CUM 25 mg/kg 0.16±0.05 20.47±2.55 30.07±4.21 25.61±3.75 25.16±3.03

CUM 50 mg/kg 0.16±0.01 20.70±3.86 30.25±3.72 25.72±3.32 25.36±4.22

CUM 100 mg/kg 0.15±0.08 21.04±2.73 30.44±4.21 25.91±3.68 25.52±3.51

ACV 150 mg/kg 3.12±0.16 a 5.51±0.45a 8.11±1.27a 7.32±0.11a 8.065±0.93a

CUM 25 mg/kg+ACV 2.59±0.23 b 8.84±0.86b 12.76±0.43b 11.74±3.17b 12.14±1.43b

CUM 50 mg/kg+ACV 2.00±0.44 c 12.93±2.55c 18.35±1.07c 17.40±3.00c 17.56±2.25c

CUM 100mg/kg+ACV 0.23±0.09 d 18.45±2.42d 26.27±3.24d 23.75±3.63d 22.15±2.11d

*Values are shown as mean±SEM. n=5; SEM: Standard error of mean; CUM: Curcumin; ACV: Acyclovir; MDA: Malondialdehyde; GSH: Glutathione; CAT: Catalase;
SOD: Superoxide dismutase; GPx: Glutathione peroxidase; ap<0.001 when compared to control. bp<0.05 when compared to ACV, cp<0.01 when compared to ACV,
dp<0.001 when compared to ACV.
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Figure 1. Kidney histology of control (A), ACV-treated (B), ACV+CUM (25 mg/kg)-treated (C), ACV+CUM (50 mg/kg)-treated (D) and 
ACV+CUM (100 mg/kg)-treated (E) rats. Control rats showed normal glomerulus and renal tubule (A), while ACV-treated rats were char-
acterized by hypercellular glomerulus with mesangial proliferation and tubular necrosis (B). CUM (25 and 50 mg/kg) administrations to 
ACV-treated rats resulted in hypercellular glomerulus with mesangial proliferation and normal renal tubule (C and D). CUM (100mg/kg) 
supplementations led to normal glomerulus and renal tubule structure in ACV-treated rats. g: glomerulus; r: renal tubule. Hematoxy-
lin-Eosin, x 400.
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some scholars reported that CUM supplementation improved 
serum electrolytes and protein levels in a rat model of adriamy-
cin-induced renal dysfunction (36). In the current study, CUM 
might have stabilized serum electrolytes, total protein and al-
bumin levels by decreasing renal wastage. 

ACV also had a negative impact on kidney redox status by 
decreasing kidney antioxidants (SOD, CAT, GSH and GPx) and 
increasing MDA concentrations. ACV might have decreased 
kidney antioxidant concentrations via the induction of oxida-
tive stress as a consequence of ROS generation. The generated 
ROS might have depleted kidney antioxidants and caused the 
oxidation of renal lipids (polyunsaturated fatty acid), thereby 
increasing MDA level (34). Lu et al. (31) also suggested that oxi-
dative damage may be an essential index for ACV-induced renal 
dysfunction. In the current study, antioxidants were increased 
whereas MDA levels were decreased in a dose-related fashion in 
CUM supplemented rats. This finding may be due to the inhib-
itory impact of CUM on ACV-induced renal oxidative stress by 
scavenging ROS. This might have increased kidney antioxidant 
activity, thus facilitating ROS incapacitation by antioxidants and 
decreased kidney MDA levels.

More so, the alteration in kidney morphology of ACV-treated 
rats was characterized by hypercellular glomerulus with me-
sangial proliferation and tubular necrosis. The observations in 
ACV-treated rats have been previously documented (37, 22). 
The observed changes in the kidney morphology of ACV-treat-
ed rats may be a consequence of oxidative stress-induced 
kidney biomolecular damage (38). Oxidative stress causes lip-
id peroxidation (LPO). LPO is a process by which free radicals 
attack lipids especially polyunsaturated fatty acids causing 
alterations in the physical properties of cellular membranes 
leading to covalent modifications of proteins and nucleic acids 
stimulating cytotoxicity, cell necrosis and apoptosis (39). In this 
study, kidney morphology was restored by CUM supplemen-
tation. This observation correlates with Tirkey et al. (40) who 
reported the ability of CUM to restore kidney morphology in 
cyclosporine-induced renal dysfunction in rats. Palipoch, et al. 
(41) also reported improved kidney histology caused by CUM 
supplementation against cisplatin-induced nephrotoxicity 
in rats. In the present study, the restored kidney morphology 
caused by CUM supplementation might be due to the inhi-
bition of ACV-induced kidney oxidative stress, thus arresting 
kidney LPO and preventing structural and functional dam-
age of  kidney biomolecules. CUM might have offered renal 
protection as a chain-breaking antioxidant, which scavenges 
and eliminates free radicals such as singlet oxygen, hydroxyl 
radical, superoxide radicals and peroxyl radicals, which are 
inducers of oxidative stress (42-44). The inhibitory action of 
CUM on hydroxyl radical and peroxyl radicals might have pre-
vented kidney proteins and nucleic acids modifications, which 
might have occurred due to LPO. CUM might have prevented 
ACV-induced kidney oxidative stress by inhibiting free radi-
cal-generating enzymes. Studies have associated CUM with 
inhibitory action on free radical-generating enzymes such as 
lipoxygenase/cyclooxygenase and xanthine hydrogenase/ox-

idase (45, 46). CUM might have also offered renal protection 
by inhibiting ACV-induced renal inflammation. Studies showed 
that CUM can reduce inflammation by inhibiting the activities 
of pro-inflammatory mediators including leukotrienes and cy-
tokines (47). 

CONCLUSION

Based on the findings in the current study, CUM supplemen-
tation abrogates ACV-induced nephrotoxicity in a dose-relat-
ed fashion. It may have clinical application for ACV-associated 
nephrotoxicity.
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