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Background: Nephrotoxicity is a common adverse effect of methotrexate (MTX).
Ocimum gratisimum (OG) has lots of phytochemical constituents with medicinal uses.
Aims and Objectives: This study assessed the benefit of ethanolic leaf extract of OG (EEOG)
against a rat model of MTX-induced nephrotoxicity. Materials and Methods: Fifty four adult
albino rats randomized into 9 groups A-l of six rats per group were used for this study. Groups A
and B were treated with water and corn oil as placebo and solvent control respectively.
Groups C-E were treated with 50, 100 and 200 mg/kg of EEOG daily for 5 days. Group F was
treated with 20mg/kg of EEOG MTX intraperiotoneally on the 5™ day while groups G-l were
orally pretreated with 50, 100 and 200 mg/kg of EEOG daily for 5days and 20 mg/kg EEOG
of MTX on the 5™ day. Rats were weighed, sacrificed and serum was extracted and evaluated
for renal function parameters. Kidneys were excised and evaluated for oxidative stress indices
and histology. Results: Treatment with MTX did not produce significant (p>0.05) effects on
body and kidney weights, however, creatinine, urea, uric acid, sodium, potassium, chloride,
bicarbonate and malondialdehyde levels were significantly (p <0.05) increased in MTX-treated
rats when compared to control. Furthermore, superoxide dismutase, catalase, glutathione,
glutathione peroxidase, total protein, and albumin levels were significantly (p <0.05) decreased
in MTX-treated rats when compared to control. However, MTX-induced nephrotoxic effects
were significantly (p <0.05) abrogated in EEOG pretreated rats in a dose-dependent manner.
Conclusion: Ethanolic leaf extract of Ocimum gratissimum contains phytochemicals that could
serve as remedy for methotrexate associated nephrotoxicity.

Access this article online

Website:
http://nepjol.info/index.php/AJMS

DOI: 10.3126/ajms.v9i5.19909
E-ISSN: 2091-0576
P-ISSN: 2467-9100

Key words: Methotrexate; Ocimum gratissimum; Nephrotoxicity; Antioxidants; Rats

INTRODUCTION

Methotrexate (MTX) is a structural analogue of folic
acid which belongs to the anti-metabolites class of
chemotherapeutic agents used for the treatment of cancer.'
In addition to its anticancer effect, in lower doses it is widely
used as an anti-rheumatic agent and in the treatment of
vatious inflammatory diseases.” The chemotherapeutic effect
of MTX has been attributed to the inhibition of folic acid
required for deoxyribonucleic acid (DNA) synthesis in cells.?
Despite its effectiveness in the treatment of cancer and as a
disease-modifying agent in rheumatoid arthritis, the possibility

of MTX discontinuation after 1 yr of therapy is 30%. The
primary reason influencing the decision to discontinue therapy
with MTX is the occurtrence of toxicities.* Nephrotoxicity is
one of the adverse consequences of MTX therapy since more
than 90% of MTX is excreted through the kidney.” MTX
associated nephrotoxicity appeats to be a consequence of
the interaction of many factors; dosing schedule, length of
treatment, patients risk factors, type of disease, and presence
of genetic and molecular apoptotic factors.’ The pathogenesis
of MTX-induced nephrotoxicity is thought to arise through
two primary mechanisms. The first is crystal nephropathy,
which occurs through the precipitation of MTX and its
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metabolites within the renal tubules. Nephropathy initially
manifests as an asymptomatic elevation in serum creatinine
level and then progresses to tubular necrosis. The second
mechanism is due to the direct toxic effect of MTX on renal
tubules by increasing free radical production in the kidney,
with subsequent cellular injury.”

According to World Health Organization (WHO), 80%
of the emerging world’s population relies on the use
of herbal remedies. Also, record shows that in the past
decades, the developed world witnessed an increase
in the use of complementary or alternative medicine,
patticularly herbal remedies.® Ocimum gratissimum (OG) is
an essential plant that is used extensively as a source of
herbal remedy in many countries.” It is a perennial herb
belonging to lamiaceae family that is widely distributed
in tropical and warm temperate regions in some African
countries.” Studies have shown that it contains lots
of phytochemical constituents which include tannins,
flavonoids, terpenoids, saponins, glycosides and reducing
sugars.' Itis use in folk medicine to treat different ailments
such as upper respiratory tract infection, bronchitis,
diarrhea, conjunctivitis, headache, epilepsy, fever, skin
diseases and pneumonia.'’ Experimentally, it has been
shown to have antidiabetic, antidiarrheal, antimicrobial,
antitumor, anti-cancer, anti-oxidant, antihelmitic and
antiplasmodic activities."" Furthermore, studies have
reported the possible benefit of OG in animal model of
xenobiotic-induced nephrotoxicity.'* Therefore, the present
study assessed the effect of the ethanolic leaf extract of
Ocimum gratissimum (EEOG) on methotrexate-induced
nephrotoxicity in albino rats.

MATERIAL AND METHODS

Drugs and Chemicals

Methotrexate used for this study work was manufactured
by Zuvius Lifesciences Ltd India. The leaves of OG were
sourced from Uyo, Akwa Ibom State and were identified at
the department of Botany, University of Uyo, Akwa Ibom
State, Nigeria by Dr (Mrs) Eshiets.

Preparation of ocimum gratissimum extract

The leaves of OG were washed, air dry and 350g of the
pulverized leaves of OG was macerated in 2400ml of
ethanol (analytical grade) for 48 hours and then filtered with
Whatman (No1) filter paper. The filtrate was concentrated
at 40°C using rotary evaporator and the concentrated
extract was further evaporated to dryness using hot oven
at 40°C. The weight of the dried extract was gotten using
electronic weighing balance and the percentage yield was
calculated. The dried ethanol extract was washed with
chloroform, ethylacetate and 50% ethanol respectively

38

using a column chromatograpy (silica gel was used as the
stationary phase).

Experimental animals

Adult rats of average with of 21212 g used for this study
were housed in metallic cages. The rats had free access to
standard laboratory chow and water ad /ibitum. They were
maintained in a well ventilated room at a temperature of
25+2°Cand undera 12 h light/12 h datk cycle and allowed
for two weeks of acclimatization.

Phytochemical analysis of Ocimum gratissimum
The test for carbohydrate, protein, tannins, saponins,
steroids, flavonoids, terpenoids, alkaloids, and glycosides
were carried out was based on procedures outlined by
Harbourne (1973)" and Trease and Evans (1989)."

Dose selection
50, 100 and 200mg/kg/day of EEOG dissolved in corn
oil"” and 20mg/kg of MTX were used for this study.'®

Drug administration

Fifty four (54) adult albino rats used for this study were
divided into nine (9) groups A-I of six rats each. Groups A
and B were treated with water and corn oil as placebo and
solvent control respectively. Groups C-E were treated
orally with 50, 100 and 200 mg/kg of EEOG daily for
five days. Group F was treated with 20 mg/kg of MTX
intraperitoneally (ip) on the 5 day, while groups G-I were
orally pretreated with 50,100 and 200mg/kg of EEOG
daily for five days prior to treatment with ZOmg/ kg of
MTX (ip) on the 5" day.

Sacrifice of animals

Rats were weighed and sacrificed under anesthesia on the
6™ day after an overnight fast; blood was collected, serum
was extracted and analyzed for kidney function parameters.
Rats were dissected; kidneys were collected, weighed and
rinsed in ice cold 1.15% potassium chloride. Kidneys were
homogenized, buffered and centrifuged at 1500 rmp for
20 minutes, homogenate was extracted for the evaluation
of oxidative stress indices.

Histological examination of the kidney

Kidney samples were rinsed in normal saline and fixed in
formalin for 24h. Kidney tissues were processed routinely
and embedded in paraffin blocks. Slides were prepared
(3-5 pm thick), stained with hematoxylin and cosin, and
analyzed for pathology using light microscopy and relevant
sections photographed.

Evaluation of renal function parameters
Serum creatinine and urea were measured according
to Okonkwo e# al, 2013"7 while uric acid was measured
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according to Sanders ¢# al, 1980." Serum albumin was
measured as reported by Tietz ¢ al, (1994)" while total
protein was measured using the method of Plummer, 1971

Evaluation of oxidative stress indices

Superoxide dismutase was evaluated as described by Sun
and Zigman1978.2' Catalase was assayed as reported by
Aebi 1984.2 Reduced glutathione was estimated using the
method of Sedlak and Lindsay (1968).” Malondialdehyde was
measured as described by Buege and Aust 1978 * Glutathione
peroxidise was assayed as described by Rotruck ef a/, 1973.%

Statistical analysis

Data are expressed as mean T Standard error of mean
(SEM). The results were analyzed using statistical package
(SPSS) version 20, windows 10. Mean values were
compared using one way analysis of variance (ANOVA),
followed by Dunnett’s post hoc test. Differences between the
groups were considered significant at P < 0.05.

RESULTS

The phytochemical evaluation of EEOG shows the
presence of tannins, flavonoids, terpenoids, saponins,
glycosides, steroids, carbohydrate, protein and reducing
sugars. The administration of EEOG did not produce
significant (P>0.05) effects on body and kidney weights,

serum urea, uric acid, creatinine, albumin and total protein
in comparison to control (Table 1). The administration
of MTX did not produce significant (P>0.05) effects on
body and kidney weights, but serum creatinine urea, utic
acid levels were significantly (P<0.05) increased whereas
total protein and albumin levels were significantly (P<0.05)
decreased in comparison to control. However, the serum
levels of these parameters were significantly (P<0.05) and
in a dose-dependent manner restored in rats pretreated with
EEOG when compared to MTX-treated rats (Table 1and 2).

The administration of EEOG did not produce significant
(P>0.05) effects on serum K*, Cl, Na* and HCO3 when
compared to control. (Table 3) On the contrary, the serum
levels of the above electrolytes were significantly (P<0.05)
increased in rats administered with MTX when compared
to control. However, the serum levels of electrolytes were
significantly (P<0.05) and in a dose-dependent restored
in EEOG pretreated rats (Table 3). Furthermore, this
study did not observe significant (P>0.05) effects on
kidney SOD, GAT, GSH, GPX and MDA levels in rats
administered with EEOG when compared to control. In
contrast, kidney SOD, GAT, GSH and GPX levels were
significantly (P<0.05) decrease whereas MDA levels were
significantly (P<0.05) increased in rats administered with
MTX when compared to control (Table 3). Interestingly,
the kidney levels of SOD, GAT, GSH and GPX were

Dose (mg/kg) Weight (g) Relative kidney Weight (%)
Initial Body Final body Kidney
Control 206.6x10.7 210.6x12.3 0.86+0.03 0.41+0.01
OG 50 209.8+10.5 212.8+11.9 0.88+0.04 0.41+0.02
OG 100 214.6x14.3 219.0+12.1 0.78+0.07 0.36+0.01
OG 200 207.8+11.5 211.44£13.2 0.83+0.02 0.39+0.04
MTX 20 210.6+13.7 208.6+10.4 0.86+0.02 0.41+0.02
OG 50 + MTX 220.6+12.8 215.0+11.2 0.83+0.03 0.39+0.03
OG 100 + MTX 226.4+12.4 219.6+12.8 0.84+0.05 0.38+0.04
0OG 200 + MTX 212.2+14.2 208.6+x13.3 0.83+0.02 0.39+0.01

OG = ocimum gratissimum, MTX=Methotrexate, Values are expressed as Mean + SEM, n=6

Dose (mg/kg) Urea mg/dL Creatinine mg/dL Uric acid mg/dL Total protein g/dL Albumin g/dL
(Control) 25.9+2.40 1.55+0.13 1.47+0.11 9.02+0.71 5.49+0.30
0G50 241177 1.48+0.14 1.45+0.12 9.07+0.70 5.43+0.33
0G100 23.8+2.70 1.52+0.11 1.45+0.13 9.11+0.66 5.47+0.37
OG 200 24.86+2.12 1.52+0.10 1.43+0.12 8.94+0.66 5.55+0.32
MTX 20 93.115.132 6.94+0.352 6.67+0.10° 2.03+0.872 1.66+0.702
OG 50+MTX 62.6+2.04° 4.00+0.49° 3.45+0.16° 4.47+0.71° 3.18+0.73°
OG100+MTX 35.7£3.19¢ 2.73+0.19° 2.43+0.21° 6.09+0.30° 4.01+0.42°
OG 200+MTX 25.6+2.45¢ 1.67+0.114 1.78+0.20¢ 8.71+0.27¢ 5.37+0.40¢

OG = Ocimum gratissimum, MTX=Methotrexate, Values are expressed as Mean + SEM, n=6. Values with different super scripts down the column differ significantly at (p<o.05)
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parameters were restored significantly (P<0.05) and in a
dose-dependent manner in EEOG pretreated rats when
compared to MTX-administered rats (Table 4). The kidney
of the control rat and rats treated with 50, 100 and 200 mg/
kg of EEOG showed normal histology (Figure A-D). On
the other hand, the kidneys of MTX-treated rats showed
necrosis of tubular epithelium and eosinophylic materials
in the lumen (Figure E). However, the kidneys of rats
pretreated with EEOG prior to treatment with MTX
showed tubular necrosis (Figure F-H).

DISCUSSION

Nephrotoxicity is one of the morbid adverse effects of
methotrexate (MTX) that is characterized by serious socio-
economic burden; therefore, the search for prevention or
cure is imperative.”® There is increasing evidence for the
nephroprotective role of photochemical substances from
vegetables, fruits and some hetbs.”” Ocinzum gratissimum (OG)
is a medicinal plant with lots of pharmacological activities

Dose (mg/kg) K*mmol/L Cl-mmol/L Na*mmol/L HCO3-mmol/L
Control 4.69+0.41 118.4+13.0 149.5+11.02 23.7+3.04
OG 50 4.72+0.48 119.8+10.4 145.5+12.59 22.2+2.46
OG 100 4.75+0.49 120.8+12.9 153.6+10.0 25.9+3.32
0OG 200 4.78+0.47 122.2+10.8 155.6+£13.0 26.2+3.15
MTX 20 15.1+0.35° 570.8+20.82 455.9+21.42 65.7+7.30°
OG 50+MTX 9.82+0.21° 400.7+15.5° 340.4+12.6° 45.9+4.15°
OG 100+MTX 6.02+0.11° 261.2+10.5¢ 259.8+13.7¢ 34.04£3.79°
OG 200+MTX 4.06+0.44° 135.3+11.0¢ 147.8+10.0¢ 24.2+3.81¢

OG = Ocimum gratissimum, MTX=Methotrexate, Values are expressed as Mean + SEM, n=6.Values with different super scripts down the column differ significantly at (p<o.05)

Dose (mg/kg) MDA GSH CAT SOD GPX
(mmol/mgprotein) (ng/mgprotein) (U/mgprotein) (U/mgprotein) (U/mgprotein)

Control 0.35+0.06 9.72+0.70 22.6+2.94 26.0+2.48 27.3+4.14
OG 50 0.37+0.04 9.80+0.84 22.7+2.65 27.8+1.64 27.0+1.26
0G100 0.36+0.05 9.89+1.00 24.5+2.73 28.0+2.03 25.5+2.95
OG 200 0.36+0.05 10.0£0.52 25.4+2.82 27.2+2.21 24.9+2.68
MTX 20 1.51+0.09° 2.46+0.182 6.34+0.822 7.29+0.692 9.05+1.022
OG 50+MTX 1.03+0.05° 4.16+0.14° 10.5+0.84° 11.5+0.86° 13.8+0.92°
0G100+MTX 0.63+0.09° 7.39+0.24° 15.5+1.31¢ 17.9+0.60° 19.6+1.66°
OG 200+MTX 0.32+0.03¢ 10.0£0.72¢ 22.1+1.02¢ 25.1+2.744 25.9+2.34¢

OG = Ocimum gratissimum, MTX=Methotrexate, Values are expressed as Mean + SEM, n=6.Values with different super scripts down the column differ significantly at (p<o.05)

showing normal kidney histology. E: Kidney of rat treated with 20mg/kg of methotrexate showing necrosis of tubular epithelium and eosinophylic
materials in the lumen F: Kidney of rat treated with 50mg/kg of Ocimum gratissimum and 20mg/kg of methotrexate showing tubular necrosis G:
Kidney of rat treated with 100mg/kg of Ocimum gratissimum and 20mg/kg of methotrexate showing tubular necrosis. H; Kidney of rat treated with
200mg/kg of Ocimum gratissimum and 20mg/kg of methotrexate showing tubular necrosis (Hand E x 200)
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including cytoprotective effect.”® The present study was

structured to assess if ethanolic leaf extract of Ocimmum
gratissimum (EEOG) could be of therapeutic benefit in the
treatment of MTX-induced nephrotoxicity in a rat model.
In this study, the phytochemical evaluation of EEOG
showed the presence of carbohydrates, proteins, tannins,
flavonoids, terpenoids, saponins, glycosides and reducing
sugars. These observations are consistent with findings
in previous studies.” The administration of EEOG had
no effects on evaluated biochemical parameters and
kidney histology. MTX-induced nephrotoxicity, could be
associated with alteration in kidney weight,” however, this
study didn’t observe alterations in the body and kidney
weights of MTX-treated rats. Serum creatinine, urea, uric
acid and serum electrolytes are renal biochemical markers
that are perturbed with the advent of nephrotoxicity,”
therefore, alterations in their levels connote impairment
in the functional capacity of the kidney.”” In the current
study, the functional capacity of the kidney was impaired
in MX-intoxicated rats due to elevated serum levels of
creatinine, urea, uric acid, K Na* Cl'and HCO3". The
observations in MTX- intoxicated rats are consistent with
similar findings.” However, serum creatinine, urea, uric acid
and electrolytes were restored in a dose-dependent manner
in rats pretreated with EEOG.

Albumin is an electrostatic negatively-charge protein and a
reliable parameter for measuring early glomerular damage
at different stages of nephropathy.’* Serum protein level is
regulated by glomerular filtration and tubular reabsorption®
and dysfunction in either will lead to decrease serum
protein level. In the current study, serum protein and
albumin levels were decreased in MTX-intoxicated rats
which are indicative of nephrotoxicity. However, the
serum levels of these parameters were normalized in a
dose-dependent manner in EEOG pretreated rats. The
activities of antioxidants such as SOD, CAT, GPX and
GSH are amplified by cells to counter sudden upsurge in
oxygen metabolites, as to maintain the integrity of cellular
membranes which is critical for normal cell function.
Studies have shown that decreased antioxidant levels
are yardstick for oxidative stress activities in biological
systems.” The activities of SOD, CAT, GPX and GSH
were decreased in MX-intoxicated rats which are marks
of oxidative stress. However, the levels of the antioxidants
were restored in a dose-dependent manner in EEOG
pretreated rats. MTX has been associated with oxidative
stress through free radicals production which might be
the probably reason for the decrease in antioxidant levels
observed in MTX-treated rats.*

Lipid peroxidation is a free-radical-mediated chain of
reactions that once initiated, results in an oxidative
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deterioration of polyunsaturated lipids with MDA as one
of its toxic products. MDA has been recognized as an
important lipid peroxidation indicator, it measurement
is very important in pathological conditions.”” Lipid
peroxidation is a basic and integral component of MTX-
induced nephrotoxicity characterized by elevated level of
MDA.* The present study observed elevated MDA levels
in MTX-treated rats; however, MDA levels were decreased
in EEOG pretreated rats. Histopathological alterations
in the kidneys were assessed to support the results of
the classical serum markers of renal functions. The
kidneys of the control and EEOG-treated rats showed
normal histology. The kidneys of MTX-treated rats
showed necrosis of tubular epithelium and eosinophylic
materials in the lumen. This is consistent with some
reported observations.! However, the kidneys of rats
pretreated with EEOG showed tubular necrosis without
eosinophylic materials in the lumen. The mechanism of
MTX-induced renal toxicity is still undefined; however,
studies suggest crystal nephropathy due to precipitation
of MTX and its metabolites in the renal tubules. Also,
the direct toxic effect of MTX on renal tubules through
free radical production leading to DNA, proteins, and
lipid damage is another possible mechanism.** The
nephroprotective effect of EEOG observed in this study
could be attributed to its ability to scavenge, mop-up, and
neutralized MTX-generated free radicals. OG is rich in
tannins, phenols, terpenoids, and flavonoids which make it
a scavenger of free radicals.”” Flavonoids are potent water
soluble super antioxidants that function in scavenging free
radicals, and the inhibition of lipid peroxidation.* Phenol
compounds possess a broad spectrum of biological
activities including the neutralization and scavenging of
oxidative radicals.” In addition, saponins are reported to
enhance natural resistance and the recuperative powers
of the body.*

CONCLUSION

The present study shows that the ethanolic leaf extract of
Ocimmum gratissimum contains phytochemical constituents
that could be of benefitin the treatment of methotrexate-
induced nephrotoxicity. However, further study is
recommended for the elucidation of the active constituent(s)
responsible for the effect (s) observed in this study.
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