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ABSTRACT

The aim of present study was to evaluate the protective effects of Coleus forskohlii
against Gentamicin (GM)-induced nephrotoxicity in male albino wistar rats.

Thirty rats were divided into five groups (n=6). Control rats received normal sa-
line. Nephrotoxicity was induced in rats by gentamicin (8omg/Kg, IP) and treated
with Silymarin (100mg/Kg, p.o,), aqueous and ethanolic extracts of (500mg/Kg,
p.o) C. Forskohlii respectively for 15days. Markers of renal function (urea, uric acid
and Creatinine), antioxidant markers were evaluated along with histopathological
investigation in all experimental groups.

GM-treated rats showed significant increase in serum levels of renal markers,
TBARS and decrease in GSH, SOD, CAT. Histopathological examinations of GM-
treated rats revealed degenerative changes in glomeruli and renal tubules. Admin-
istration of aqueous and ethanolic root extracts of Coleus forskohlii, protected the
kidney tissues against toxic effects of gentamicin as evidenced by amelioration of
histopathological changes and normalization of kidney biochemical parameters.

The results of present study confirm the nephroprotective and anti-oxidant activity
of C. forskohlii.
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INTRODUCTION

Gentamicin is one of the widely used aminoglycoside antibiotics in treating gram
negative bacterial infections. Its use is limited due to ototoxicity and nephrotoxic
effects. It has been shown that up to 20% of people receiving gentamicin treat-
ment develop symptoms of nephrotoxicity. Aminoglycosides throughout the
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endocytic pathway are taken up into the epithelial cells of the renal proximal tu-
bules and stay there for a long time, which leads to nephrotoxicity. Acidic phos-
pholipids, broadly distributed in the plasma membranes in various tissues, are
considered to be the binding site of aminoglycosides in brush-border membrane
of proximal tubular cell.»? Although the actual mechanism behind gentamicin
induced nephrotoxicity is not clearly known, numerous studies have found in-
volvement of different pathways, which includes, production of reactive oxygen
species (ROS), reactive nitrogen species (RNS), and reduction in antioxidant de-
fence. Activation of inflammatory processes, contraction of mesengial cells caus-
ing tubular necrosis and reduced glomerular filtration rates (GFR) are the other
complications of chronic gentamicin administration.

Hydroxyl radicals play a vital role in the pathogenesis of gentamicin-induced
nephrotoxicity, leading to suppression of Na(+)-K(+)-ATPase activity and DNA
synthesis in rats proximal tubules causing renal injury. This injury may be rel-
evant to reactive oxygen metabolites generated by gentamicin. Renal cortical
mitochondria is the source of reactive oxygen metabolites, which induces renal
damage.?

Plants produce large range of bioactive principles and constitutes a huge source
of medicines.+5 Being less expensive than synthetic drugs, herbal medicines are
primarily used for treating mild or chronic ailments. In India 45,000 plant spe-
cies have been identified and out of which 15-20 thousand plants are of good me-
dicinal value. It is generally estimated that over 6000 traditional plants in India
are in use as folk and herbal medicine, representing about 75% of the medicinal
needs of the Third World countries.# Literature suggests the use of compounds
with antioxidant and anti-inflammatory properties and are capable of altering
gentamicin-induced nephrotoxicity. 3

Coleus forskohlii (CF) (Syn. Plectranthus Barbitus) is a medicinal plant belong-
ing to family, Lamiaceae, with well-known efficacy in Ayurveda and Indian in-
digenous system of medicine. Different parts of the plant are documented in
the treatment of various ailments such as heart diseases, respiratory disorders,
asthma, bronchitis, constipation and epilepsy. Forskolin, is reported to be
main active ingredient, which is a diterpene compound (7 B -acetoxy-8,
13-epoxy- 1a , 6 B, 9 a-trihydroxy-labd-14-ene-11-one).° Schaneberg et al., has
successfully evaluated forskolin qualitatively and quantitatively from root and
stem by using reversed-phase liquid chromatography.” The roots are also useful
in the treatment of worms, eczema and to alleviate burning in festering boils.®¢
However, so far, no scientific validity has been made to establish it as a nephro-
protective agent. Hence, in the present study, an effort has been made to au-
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thenticate its traditional use by using ethanolic and aqueous root extracts of CF
against gentamicin-induced nephrotoxicity in albino wistar rats.

METHODOLOGY

Authentication of plant material

The plant under study was identified and authenticated by the botanist, Dr. K.
Madhav Chetty department of Botany in Sri Venkateshwara University, Tiru-
pati, A.P, India and a specimen (voucher No.1965) has been deposited.

Preparation of plant extracts:

The dried roots of Coleus forskohlii were subjected to soxhlet extraction using
ethanol as the solvent. Aqueous extract was prepared by freshly boiling in water
before dosing.

Preliminary phytochemical investigations

The preliminary phytochemical investigations were carried out with etha-
nolic and aqueous extracts of dried roots of Coleus forskohlii for qualitative
identification of phytochemical constituents present with each extract. Tests
were carried out by standard methods described in practical Pharmacognosy by
K.R. Khandelwal and Dr. C.K. Kokate.* All the chemicals and reagents used were
of analytical grade.

Experimental Animals

The study protocol was approved by the Institutional Animals Ethics Committee
(TAEC) of Committee for the purpose of Control and Supervision of Experiments
on Animals (CPCSEA), Government of India, through its reference no. IAEC
-01/SES/2017/101, Dated: 06/05/2017. Male and female wistar albino rats
weighing 150-180 grams, were obtained from the animal house of Sainath Agen-
cies, Hyderabad (282/PO/Bt/S/2000 CPCSEA). The animals were housed with
free access to food and water for one week in an air-conditioned room (25°C)
under a 12 hr light: dark cycle prior to the experiment. During the experimental
study rats were fed with pellets obtained from (Pranav Agro Industries limited,
rat feed, India). The rats received humane care according to the criteria outlined

in CPCSEA guidelines 2003, Government of India.

Chemicals

a. Silymarin — 100mg/Kg

Silymarin Tablets — Silybon 140mg, Micro labs Pvt Ltd.
Solan, Himachal Pradesh, India, Batch no. SIBDOO51,
MFD Jan 2017, Expiry date DEC 2018.
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b. Gentamicin - 8omg/Kg

Gentamicin Injection — Gentamicin Sulphate B.P,
80 mg in 2ml, Pfizer Laboratories Pvt Ltd.

Acute oral toxicity study

The acute toxicity studies for ethanolic and aqueous extracts of dried roots of
Coleus forskohlii were done according to the OECD guidelines No. 423 using
female albino wistar rats." Each animal was administered with the ethanolic
and aqueous extracts of the plant by oral route (2000 mg/Kg was used as start-
ing dose). Animals were observed individually after dosing atleast once during
the first 30 minutes. At regular intervals, they were observed during the first 24
hours, with special attention to the first four hours and thereafter daily for the

next fourteen days.

Evaluation of Nephroprotective Activity

Male wistar albino rats were divided into five groups of six animals each. Group
I Normal control rats were treated with isotonic saline; Group II, rats received
gentamicin half an hour before administration of standard drug Silymarin 100
mg/Kg in distilled water p.o; Group III, rats received only Gentamicin 8omg/
Kg in isotonic saline by intraperitoneal route, Group IV and V rats received gen-
tamicin half an hour before administration of ethanolic and aqueous extracts of

Coleus forskohlii (500mg/Kg) in aqueous solution respectively.
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Grouping of Animals

Table 1. Grouping of animals.

Group Treatment
| =Normal Control Normal Saline 0.5ml p.o
II- Standard Half an hour before administration of Silymarin 100mg/Kg orally,

rats were injected with Gentamicin 80mg/Kg IP

Rats received only Gentamicin 80mg/Kg in isotonic saline by

lll-Gentamicin Control intraperitoneal route (IP).

Rats received gentamicin 80mg/Kg, IP half an hour before

|V —Ethanolic extract administration of ethanolic extracts of Coleus forskohlii (500
mg/Kg),p.o.
Rats received gentamicin 80mg/Kg, IP half an hour before
V- Aqueous extract administration of aqueous extracts of Coleus forskohlii (500
mg/Kg),p.o.

The same dosing schedule was continued as per the assigned groups
for 15 days for studying the gentamicin-induced nephrotoxicity. =3

Blood sampling

At the end of experimental period (15 days) and after overnight fasting, blood
samples were collected by retro-orbital puncture using capillary tube and ani-
mals were sacrificed using anaesthesia and kidneys were collected. Blood sam-
ples were centrifuged for 10 minutes at 3000 rpm within an hour and the sera
were obtained.

Determination of serum urea, creatinine, uric acid and histopathology of
kidney tissues

The serum parameters were estimated using standard kits obtained from Span
Diagnostics, India and analysed spectrophotometrically by using double beam
UV Visible spectro-photometer (UV-Visible spectrophotometer). Kidneys from
all five groups were fixed in 10% neutral buffered formalin and processed to par-
affin wax. 5 microns Sections are stained with Haematoxyllin and Eosin, Mas-
sons trichrome, and Periodic Acid Schiff and are examined under light micro-
scope at 100 and 400 magnifications.
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Preparation of renal homogenate and determination of antioxidant
markers

The kidneys were removed and dissected free from the surrounding fat and con-
nective tissue. Each kidney was longitudinally sectioned, and renal cortex was
separated and kept at -8°C. Subsequently, renal cortex was homogenized in cold
potassium phosphate buffer (0.05 M, pH 7.4). The renal cortical homogenates
were centrifuged at 5000 rpm for 10 min at 4°C. The resulting supernatant was
used for the determination of superoxide dismutase (SOD),* catalase (CAT),"
lipid peroxidation (TBARS) *®and glutathione (GSH) 7 using colorimetric assay.

Statistical analysis

Data was analysed by applying one-way ANOVA followed by Tukey’s multiple
comparison test using Graphpad Prism 5 software, version 5.3 La Jolla, San Die-
go, California, USA. Significance level was set at p<0.05. All values are expressed
as Mean +SEM.

RESULTS

Preliminary phytochemical screening

The preliminary phytochemical investigations of ethanolic and aqueous ex-
tracts of dried roots of Coleus forskohlii showed the presence of carbohydrates,
proteins, amino acids, terpenoids and steroids, flavonoids, tannins, saponins and
glycosides. Percentage yield of ethanolic extract was.11.35 grams and aqueous
being 14 grams.

Acute oral toxicity study

Acute oral toxicity studies revealed the non-toxic nature of ethanolic and aque-
ous extracts of dried roots of Coleus forskohlii. There was no lethality observed
nor any profound toxic reactions found at a dose of 2000 mg/Kg p.o. which pro-
nounces the safety profile of the plant extract. Therefore 500mg/Kg was selected
for further study.
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Gentamicin-induced nephrotoxicity study

The results demonstrated significant improvement in urea, uric acid and creati-

nine levels on treatment with Silymarin, ethanolic and aqueous extracts of dried

roots of Coleus forskohlii respectively, as these renal markers were increased
in animals treated with gentamicin alone indicating nephrotoxicity. When
compared between the two extracts, aqueous extracts have produced more po-

tent reduction in the renal function parameters compared to the ethanolic ex-
tract treated group. Results are tabulated in (Table 2). Mean percent decrease in
renal markers compared to gentamicin control are depicted in Figure 1,2, and 3.

Table 2. Effect of treatments on Serum Urea, Uric acid and Creatinine.

Treatment Groups Urea(mg/dl) | Uric acid(mg/dl) | Creatinine(mg/dl)
Normal Control, Saline 0.5ml p.o 22 +1.97 2.7+0.07 0.46 + 0.07
Silymarin100mg/Kg, p.o 28 +1.16° 31+0.182 0.5+0.082
Gentamicin Control 80 mg/Kg, IP 45+ 1580 |6.7+04° 1.7 £0.09®
Aqueous Extract (CF) 500 mg/Kg, p.o |29 +1.712 3.4+0.22 0.6 + 0.062
Ethanolic Extract (CF) 500mg/Kg, p.o | 34 +1.242 46+03° 1.1 £0.72

All values are expressed as Mean+ SEM, (CF): Coleus Forskohlii

a : p<0.001 Compared to Normal Control

b: p<0.001 Compared to Gentamicin Control

Mean Percent Decrease in Serum Creatinine Levels compared to
Gentamicin Control
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Figure 1. Mean percent decrease in serum creatinine levels compared to Gentamicin control.
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Mean Percent Decrease in Serum Uric acid Levels Compared to
100.00 Gentamicin Control
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Figure 2. Mean percent decrease in serum uric acid levels compared to Gentamicin control.
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Figure 3. Mean percent decrease in serum urea levels compared to Gentamicin control.
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Effect on body weights

The body weights were decreased in gentamicin treated animals compared to

their initial body weights. Treatment with Silymarin, ethanolic and aqueous ex-

tracts of Coleus forskohlii improved the body weights compared to gentamicin

control group but not statistically significant. Comparison of initial and final

body weight between the groups is depicted in (Table 3).

Table 3. Comparison between initial and final body weights.

Final Body
Treatment Groups Initial Body Weight (grams)

Weight (grams)
Normal Control, Saline 0.5ml p.o 18009 200+1.0
Silymarin100mg/Kg, p.o 152 + 0.67 166 + 2.44
Gentamicin Control 80 mg/Kg, IP 166 £ 1.47 157 £1.78
Ethanolic Extract (CF) 500 mg/Kg, p.o | 156 + 1.21 161 + 2.56
Agueous Extract(CF) 500 mg/Kg, p.o 164 +1.47 170 £ 2.33

All values are expressed as Mean+ SEM, (CF): Coleus Forskohlii

Effect on kidney weight:

The kidney weights were increased in gentamicin treated groups compared to

normal. Whereas treatment with Silymarin, ethanolic and aqueous extracts

of Coleus forskohlii significantly reduced the relative kidney weights compared

to the gentamicin control. Comparison of kidney weight between the groups is

depicted in (Table 4).
Table 4. Effect treatments on kidney weight.
Treatment Groups Kidney Weight (grams)
Normal Control Saline, 0.5ml p.o 0.66 + 0.01
Silymarin100mg/Kg, p.o 0.74 £ 0.01
Gentamicin Control 80 mg/Kg, IP 0.86 + 0.08
Agueous Extract (CF)500 mg/Kg, p.o 0.65 + 0.092
Ethanolic Extract (CF) 500 mg/Kg, p.o 0.76 + 0.082

All values are expressed as Mean+ SEM, (CF): Coleus Forskohlii

a: p<0.001 Compared to Gentamicin Control
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Results of Histopathology

Group I- Treated with normal saline

The animals of Group I, were treated with only normal saline showed normal
renal glomeruli with the intact bowman’s capsule. Other structures like brush
border cuboidal epithelium which lines the proximal convoluted tubules, sim-
ple cuboidal epithelium, which lines the distal convoluted tubules, and macula

densa were very prominent. (Figure 4).

Figure 4. Photomicrograph of kidney of animals treated with normal saline.

Group II- Treated with Gentamicin+ Silymarin

Multifocal tubular inflammation in which infiltration of inflammatory cells are
noticed. Glomerulus appeared normal, no degeneration nor inflammation was
found. Only Moderate tubular degeneration was observed (Figure 5).

Figure 5. Photomicrograph of kidney of animals treated with Silymarin.
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Group III- Treated with Gentamicin

Close examination of the sections at high magnification, revealed the appearance
of cells with alterations typical of apoptosis (cell shrinkage and cytoplasm eosin-
ophilia, presence of small and shrunken nucleus with chromatin condensation),
break down of glomerular capillaries and vacuolar appearance in tubular lumen,
glomerular congestion, disruption of glomerular capillaries, vacuolar degenera-
tion of tubular epithelial cell is observed with hyaline cast formation. Atrophic
glomeruli are present effecting half of the cortical region. (Figure 6).

Figure 6. Photomicrograph of kidney of animals treated with Gentamicin

Group IV- Treated with ethanolic extract of Coleus forskohlii +
Gentamicin

Treatment with Ethanolic extract of Coleus forskohlii reversed most of the histo-
pathological alterations induced by Gentamicin as seen from the sections from gen-
tamicin treated rats. Moderate tubular interstitial nephritis in which inflammation
along with infiltration of inflammatory cells noticed in the interstitium between tu-
bular region. Moderate tubular degeneration was also observed. (Figure 7).

Figure 7. Photomicrographs of kidney of animals treated with ethanolic extract of C.
forskohlii and Gentamicin.
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Group V- Treated with aqueous extract of C. forskohlii +
Gentamicin
Treatment with Ethanolic extract of Coleus forskohlii also reversed most of the

histopathological alterations induced by Gentamicin. Photomicrographs of kid-
neys from this group revealed more prominent protection by showing normal

glomeruli with absence of atrophy and hypertrophy. (Figure 8).

Figure 8. Kidney T.S. of animals treated with aqueous extract of C. forskohlii and
Gentamicin.

Effect of treatments on antioxidant enzymes.

Treatment with gentamicin produced reduction in the superoxide dismutase
levels compared to control. Whereas treatment with standard and extracts of C.
forskohlii showed significant increase in superoxide dismutase levels compared
to control indicating the antioxidant activity.

There was increase in malondialdehyde levels in gentamicin treated group com-
pared to control, which suggests the nephrotoxic effect of gentamicin. However,
two weeks of treatment with standard Silymarin and C. forskohlii showed sig-
nificant decrease in thiobarbituric acid reactive substances i.e, malondialdehyde
compared to control.

Treatment with standard, ethanolic and aqueous extract of C. forskohlii showed
significant antioxidant effect, by producing increase in catalase levels compared
to control. Gentamicin produced significant decrease in catalase levels compared
to control, which explains the nephrotoxic effect of it.

Treatment with gentamicin showed significant decrease in glutathione levels,
whereas two weeks of administration with Silymarin, ethanolic and aqueous ex-
tract of C. forskohlii produced significant increase in these levels compared to
control. Results are shown in Table 5.
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Table 5. Effect of treatments on antioxidant enzymes.

. MDA . Glutathione
Treatment Groups Sn? Dsr(oligilrt]s)/ (nanomoles/g Car:]alas?o(tgirrl]l)ts/ (Micromoles/g
9p tissue) 9p tissue)
Normal Gontrol | 4661, 046 | 10872036 | 1520042 | 14272042
Saline, 0.5ml p.o T R e e
S"ymég'”g 0M | 169350310 | 849:033% | 17112030% | 16265035
Gentamicin
Control 80 mg/ 8.88 + 0.302 17.42 + 0.422 6.93 + 0.57° 8.70+0.33°
Kg, IP
Ethanolic Extract
(CF) 500 mg/ 1114+ 058 | 14.02 +0.30% 10.78+0.43 ®© 10.89 + 0.502°
Kg, p.o
Aqueous Extract
(CF) 500 mg/ 1555+0.39® | 11.90+0.32° 13.19 + 0.41° 12.20 + 0.612°
Kg, p.o

All Values expressed as Mean +SEM, (CF): Colueus Forskohlii
SOD: Superoxide dismutase, MDA: Malondialdehyde
a: p<0.001 Compared to Normal Control

b: p<0.001 Compared to Gentamicin Control

DISCUSSION

Gentamicin is a promising bactericidal with less bacterial resistance proper-
ties. It is known for producing reversible and irreversible renal toxicity.*® The
key pathological event in gentamicin-induced nephrotoxicity is through accu-
mulation of drug and eventually resulting in renal dysfunction.* It is a cation,
which has a strong affinity towards negatively charged brush-border membrane
components of proximal tubule where it can form drug receptor complex with
megalin, a cationic drug receptor. The specificity of renal toxicity is apparently
related to its preferential accumulation in the renal proximal convoluted tubules
(50 to 100 times greater than serum). Then, pinocytosis translocates the drug to
lysosomes, where phospholipidosis takes place to interrupt various intracellular
renal functions leading to renal injury. 22! This renal injury in turn manifests
the migration of monocytes and macrophages to the site of injury by stimulating
intercellular adhesion molecule-1 and monocyte chemoattractant protein.2*23
Kacew et al. and Aronoff et al., >#*” demonstrated that the accumulation of the
drug in specific target organelles in the renal cortex may be the critical step in
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nephrotoxicity and it is generally agreed that gentamicin produces dose-depen-
dent proximal renal tubular necrosis, which can be dissociated from intracellular
accumulation. Papanikolaou et al, 2 reported that gentamicin is incorporated
and accumulated in proximal tubule lysosomes which explain the gentamicin-
induced nephrotoxicity.

GM induced nephrotoxicity is distinguished by elevated levels of urea and creati-
nine in plasma as well as urine, along with severe proximal tubular necrosis, re-
sulting renal failure.? Similarly it is reported that treatment with only GM leads
to significant increase in weight of kidney in rats.3° Several days of treatment
with aminoglycosides can cause defect in renal concentrating ability, which leads
to mild proteinuria, reduction in glomerular filtration rate and appearance of
hyaline and granular casts. Padmini et al, in their study reported that adminis-
tration of 80 mg/Kg gentamicin dose in rats for ten days produced significant in-
crease in serum creatinine, urea and uric acid.?' Similar pattern of changes were
also observed in our study following GM treatment. Supplementation with aque-
ous and ethanolic extracts of roots of C. forskohlii in GM treated rats recorded
decrement in levels of urea, uric acid and creatinine in serum which explains the
worthwhile effect of this plant product on renal function. These observations
indicate an improved renal function in form of effective clearance of urea and
creatinine. Silymarin was also found to reduce the levels of renal markers simi-
lar to the plant extracts used in the study.

The release of oxygen-free radicals has been proposed as important mediator
of GM-induced acute renal failure.3* These reactive oxygen species (ROS), lead
to deficiency in intrinsic antioxidant enzymes. 33¢ Its administration into rats
induced impairment of renal function through liberation of oxygen free radi-
cal.3> ROS have been suggested as a cause of death for many cells in different
pathological states including various models of renal and cardiac diseases.?” Sev-
eral compounds with antioxidant activity has been successfully used to prevent
or ameliorate gentamicin-induced nephrotoxicity. In the present study, the role
of ROS in GM-induced nephrotoxicity was assessed by employing antioxidant
agent, C. forskohlii, and further evaluation of alterations in the biochemical
indicators of oxidative stress mainly GSH, TBARS levels, SOD and CAT.

It has been reported that under normal conditions, ROS, which are generated
during cellular functions, are eliminated by intrinsic antioxidant enzymes like
superoxide dismutase, catalase and glutathione peroxidase. Therefore, ROS
scavengers and antioxidant molecules have the capacity to partially reduce or
eliminate the deleterious effects induced by gentamicin. In the present study,
the levels of lipid peroxidation stress markers significantly increased in GM
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treated animals. Whereas treatment with C. forskohlii, demonstrated significant
decrease in TBARS, indicating its anti-oxidant effect. Our study results are in ac-
cordance with the earlier published reports which explains the beneficial effect
of C. forskohlii against reactive oxygen species.

Medicinal plants are important sources of natural products which differ widely
in terms of their structures, biological properties and mechanisms of action.
Various phytochemical components, especially polyphenols such as tannins,
flavonoids, phenyl propanoids and phenolic acids, are known to be have anti-
oxidant and free radical scavenging efficacy. Polyphenols have various biological
effects, which are mainly attributed to their antioxidant activities in scavenging
free radicals, inhibition of lipid peroxidation and metal chelation. Polyphenols
share the same general chemical pattern, with one or more phenolic groups
which react as hydrogen donors and thus neutralize free radicals. The protective
effect of this plant against gentamicin-induced nephrotoxicity can be attributed
to the presence of phytoconstituents such as flavonoids, terpenoids and phenols.
Forskolin being the major chemical constituent, herbal preparations of it act
on various multiple pharmacological mechanisms. Forskolin was identified in
shoot differentiating culture, micropropagated plants and root organ suspension
by TLC and HPLC.3® The blood pressure lowering and antispasmodic effects of
extracts of C. forskohlii roots were reported by Dubey et al, based on the exten-
sive screening of Indian plants for biological activity.3? The principle mechanism
by which forskolin exerts its hypotensive activity is by stimulation of adenylate
cyclase and thereby increasing cellular concentrations of the secondary messen-
ger cyclic AMP (cAMP).4°

Some investigators have demonstrated in their observations regarding the his-
topathological and structural changes in renal tissue post administration of
GM.+»#2 In our earlier study,we have reported the histopathological view of renal
sections in GM treated group which showed degeneration, desquamation and
necrosis in tubules and swelling in glomerulus, as compared to control group.'
Similarly, in the present work on histopathological examination we have ob-
served damage in the structure of kidneys of gentamicin treated rats. Glomerular
and tubular epithelial changes were considerably mild in the groups treated with
aqueous and ethanolic extract of C. forskohlii along with restoration of normal
histopathology. Two weeks of treatment with GM+ethanolic extract in the dose
of 500mg/Kg showed moderate tubular epithelial changes while in case of ani-
mals treated with GM+aqueous showed regeneration in tubular epithelial cells.
We expect that, morphological changes in kidneys were because of GM injection,
but these changes were considerably mild in GM plus aqueous extract treatment.
In summary, our data indicate that GM-induced nephrotoxicity might be related
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to oxidative damage. Co-administration of C. forskohlii diminished the negative
effects of GM-induced nephrotoxicity possibly by inhibiting free radical medi-
ated process. Further investigation of these promising protective effects of C.
forskohlii against GM-induced renal injury may have a considerable impact on
developing clinically feasible strategies to treat patients with renal failure.

CONCLUSIONS

In conclusion, the results of the present study infer that the antioxidant activ-
ity and medicinal properties of C. forskohlii may be responsible for protection
against GM-induced renal damage. When compared between the two extracts,
aqueous extract showed more potent response in comparison to ethanolic. These
findings also suggest the probable efficacy of C. forskohlii extract against oxida-
tive deterioration and can be useful novel nephroprotective agent in the pre-
vention of oxidative stress-related degenerative diseases. Further studies are
warranted in pre-clinical and clinical set up, and for studying the structure of
phytoconstituents in establishing pharmacological activities.
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