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Comparative Phytochemical Screening, /n Vivo Antioxidant and

Nephroprotective Effects of Extracts of Cassava Leaves on

Paracetamol-intoxicated Rats

Abstract

The phytochemical screening, antioxidant, and nephroprotective effects of methanol and acetone extracts
of cassava (Manihot esculenta Crantz) leaves were comparatively investigated using standard procedures.
Fifty-four male Wistar rats (albino) were divided into nine groups of six rats each. Group 1 = negative
control (normal untreated rats +normal saline); group 2 = positive control (rats + 2 g/kg bw acetaminophen
+normal saline), groups 3, 4, and 5 =200 mg/kg bw, 100 mg/kg bw, and 50 mg/kg bw of methanol extract,
respectively, + 2 g/lkg bw acetaminophen; groups 6, 7, and 8 = 200 mg/kg, 100 mg/kg bw, and 50 mg/
kg bw of acetone extract, respectively, + 2 g/kg bw acetaminophen; and group 9 = 100 mg/kg silymarin
+ 2 g/kg bw acetaminophen. The phytochemical screening of the methanol and acetone leaves extracts
showed the presence of flavonoids, alkaloids, saponins, anthocyanins, tannins, and triterpene, whereas,
cardiac glycoside, steroids, and anthraquinone were absent in both extracts. Acetaminophen administration
significantly elevated the levels of serum urea, creatinine, sodium, and potassium with a corresponding
decrease in the levels of total protein, albumin, and calcium in the group 2 rats compared with that in the
group 1 rats. Similarly, the levels of superoxide dismutase, catalase, glutathione peroxidase, glutathione,
and glutathione S-transferase were significantly less in the acetaminophen-intoxicated group than that in
the negative control group. However, pretreatment with either extracts, dose dependently prevented the
acetaminophen-induced derangement of the aforementioned parameters. The extracts showed antioxidant
activity similar to the reference drug (silymarin). Comparatively, the methanol extract gave higher in
vivo antioxidant and nephroprotective effects than the acetone extract. The results suggest the extracts
of cassava leaves have high nephroprotective potential and may be based on their phytoconstituents and
antioxidant activity.
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Introduction kidney injury.”! Hence, acetaminophen toxicity
is evaluated by the amount of NAPQI formed
and the insufficient GSH for acetaminophen
detoxification. Even though nephrotoxicity is
not too common compared to hepatotoxicity in
cases of paracetamol overdose, renal damage
and severe kidney failure can arise even when
there is no liver injury,!"! and can cause death
in both humans and animals.™

Acetaminophen is frequently used as
antipyretic agent, which has been said to cause
uremia and renal tubular damage in high
doses. An overdose of acute acetaminophen
is reported to lead to renal necrosis and a fatal
hepatic injury in humans and experimental
rats.!'! Though high doses of acetaminophen
are said to form a glucuronic acid conjugated
bond, a substantial percentage is metabolized
by cytochrome P, system, which results in
the generation of reactive toxic metabolites
such as N-acetyl-p-benzoquinone imine
(NAPQI) that interacts with the sulthydryl
groups in glutathione (GSH) molecule. Thus,
acetaminophen brings a depletion of GSH
stores in the cell. The binding of cellular
proteins and portions of remaining NAPQI
initiates lipid peroxidation and finally induces

The kidney is an organ responsible for the
maintenance of homeostasis and for the
excretion of end products of metabolism,
drugs, and chemicals. It regulates acid—
base balance, mineral metabolism, osmotic
pressure, and nitrogenous slags excretion. The
kidney plays a special role in detoxification and
elimination of xenobiotics, thereby making it
susceptible to developing injuries, which have
been associated with reactive oxygen species
(ROS) resulting to renal oxidative stress and
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failure.’! Kidney disorders are said to result in 1 of 10 deaths,
thereby raising the public health concerns in recent years about
chronic kidney disease. Creatinine and urea are nitrogenous
metabolites (nonprotein) usually cleared by the kidney from the
body through glomerular filtration. The determination of either
serum or plasma levels of these metabolites and electrolytes is
commonly used as kidney function markers.!*!

Several herbs have shown nephroprotective abilities and this
has awakened global interest in this regard. The target is
majorly to protect and prevent injuries to kidney and improve
the restoration of tubular cells. Some nephroprotective
phytoconstituents from diverse plant extracts have also been
reported.t”? Similarly, certain nutraceuticals such as alpha lipoic
acid and probiotic have shown tremendous nephroprotective
effect against paracetamol-induced kidney failure in male
rats.l®!

Manihot esculenta Crantz, a plant of the Euphorbiaceae family,
is widely distributed in tropics. It is commonly called cassava,
manioc, and tapioca.’’ The plant is known to be drought
tolerance with unusual ability to adapt to several weather and soil
conditions. The leaves of M. esculenta have been said to contain
various phytochemicals such as flavonoids (e.g., kaempferol,
rutin, and quercetin), alkaloids, tannins, phlobatannins,
anthraquinones, saponins, anthrocyanosides, and reducing
sugars. The fresh leaves also contain lotaustralin, cyanogenic
glycosides, and linamarin.!'” The medicinal values of the plant
have been explored by different researchers; its antioxidant,
antidiarrheal, anthelmintic, antimicrobial, antihemorrhagic,
antipyretic, analgesic, and anti-inflammatory properties have
also been reported.l''!*! Cassava leaves are valuable as food
and feeds for both human and animals.[' The leaves of cassava
are usually consumed regularly as vegetable and as spinach in
parts of Africa.l'>!®! Although the leaves contain cyanogenic
glycosides, which can be toxic when consumed in the crude
form, but appropriate preparation before consumption could
reduce the cyanide contents and make them safe. Previous
reports showed that pounding of cassava leaves or allowing them
to stand for Sh in the shade or washing them three times with
water could reduce the cyanide content to 72%, 88%, and 99%,
respectively.l'” ¥ The leaves are also used in folk medicines for
the treatment of rheumatism, headaches, fever, loss of appetite,
conjunctivitis, ringworm disease, tumor, abscesses, and sore.[']
However, in the literature, no report about the effects of cassava
leaves extracts against paracetamol-induced nephrotoxicity
is available. Therefore, we comparatively investigated the in
vivo antioxidant and nephroprotective effects of methanol and
acetone extracts of cassava (M. esculenta Crantz) leaves extracts
against paracetamol-induced nephrotoxicity in rats. Also, the
phytochemical screening of the extracts was carried out.

Materials and Methods

The cassava (M. esculenta, Crantz) leaves were collected from
site III of the Delta State University, Abraka, Nigeria. They
were authenticated and assigned a voucher number (UBH,,372)

by Dr. H. A. Akinnibonsu of the Department of Plant Science,
University of Benin, Benin City, Edo State, Nigeria.

Extract preparation

The leaves were washed with water and air dried for 10 days
and grounded to powder using electric blender. The powder
(50 g) was cold macerated with 200 mL of methanol in airtight
container with intermittent shaking for 24 h. It was then
filtered through muslin cloth and thereafter through Whatman
No. 1 filter paper and the filtrate was concentrated at 45°C
under reduced pressure in a rotary evaporator to obtain crude
methanol extract. The above process was repeated using
acetone to obtain crude acetone extract. The extracts were
initially stored in airtight bottles at 4°C until usage and were
reconstituted in distilled water to obtain the concentrations
(50mg/kg bw, 100 mg/kg bw, and 200 mg/kg bw) used for
the study.

Animals and treatment

The male Wistar rats (54 rats) used were obtained from the
department of anatomy of the Delta State University and were
acclimatized for 14 days before the experiment. The rats were
fed on standard diet (Top Feeds, Sapele, Nigeria) and water
ad libitum while the study lasted. The animals were cared for
in accordance with the guiding principles for care and use of
laboratory animals.?” They were randomly grouped into nine
groups of six animals each and treated as follows:

Group 1 received distilled water only (negative control),
group 2 received distilled water and acetaminophen, group
3 was treated with 200 mg/kg bw of methanol extract and
acetaminophen, group 4 was treated with 100 mg/kg bw of
methanol extract and acetaminophen, group 5 was treated
with 50mg/kg bw of methanol extract and acetaminophen,
group 6 was treated with 200 mg/kg bw of acetone extract and
acetaminophen, group 7 was treated with 100 mg/kg bw of
acetone extract and acetaminophen, group 8 was treated with
50mg/kg bw of acetone extract and acetaminophen, and group
9 was treated with silymarin and acetaminophen. Treatment for
all groups was carried out for 7 days and on the 7th day, a single
dose of 2 g/kg bw of acetaminophen was orally administered
30 min after the last treatment with extract or standard drug to
rats in groups 2-9. All rats were anesthetized with chloroform
24h after their final respective administrations. Blood was
collected by cardiac puncture and allowed to cloth before
centrifuged to collect the serum. Kidneys were removed and
washed with saline solution (ice cold). The kidney tissues were
processed for the various enzymatic and other biochemical
assays.

Serum renal function analysis

Serum samples were used for renal function tests by assaying
for urea, creatinine, protein, and albumin, using standard
diagnostic kits (from Randox Laboratories, Ardmore, UK),
whereas the sodium, potassium, and calcium levels were tested
according to procedures of kits supplied by Teco Diagnostics.
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Nephrochemical studies

Kidney tissue homogenates were used for the various
biochemical studies. Protein concentration of the kidney tissue
was determined by the method of Lowry et al.?"! The kidney
tissue MDA levels were measured according to the method by
Placer et al.?” and expressed as nmol/g tissue. Kidney catalase
(CAT) was determined according to the method of Aebi,
superoxide dismutase (SOD) by the method of Kakkar et al.;**
glutathione peroxidase (GPx) by the method of Lawrence and
Burk™! method; the method of Habig ez al.*! was used for the
determination of glutathione S-transferase (GST); and GSH
levels were measured by the method of Sedlak and Lindsay.””

Acute toxicity (LD50): The oral acute toxicity studies of both
extracts of the plant were carried out according to the method
by Lorke* using 13 rats.

Phytochemical screening

The qualitative phytochemical tests were performed for the
extracts following standard procedures as aforementioned.?%3%
The screening was carried out for the presence of flavonoids,
alkaloids, saponins, anthocyanins, tannins, cardiac glycoside,
steroids, anthraquinone, and triterpene.

Results
Serum renal function parameters

Table 1 shows the effects of cassava leaf extract and silymarin
on serum renal function parameters. Intoxication with
acetaminophen caused significant elevation in the serum
levels of urea, creatinine, sodium, and potassium when
compared with the negative control rats, whereas significant
lower levels of total protein, albumin, and calcium were
observed in the positive control group relative to the negative
control group. However, pretreatment with either extracts or
the standard drug for 7 days significantly (P <0.05) prevented
the acetaminophen-induced elevation in the urea, creatinine,
sodium, and potassium levels in a dose-dependent manner.
Similarly, the pretreatment also prevented and attenuated

(P < 0.05) the effect of acetaminophen in the kidney levels
of total protein, albumin, and calcium. Thus, the extracts
were effective as the reference drugs in attenuating the
acetaminophen-induced nephrotoxicity in the animals. The
methanol extract was comparatively (P < 0.05) more effective
than the acetone extract at 100 and 50 mg/kg bw for urea
level, 200 and 100 mg/kg bw for creatinine, 100 mg/kg bw
for protein, 200 mg/kg bw for albumin level, and 100 mg/kg
bw for calcium level.

Oxidative stress markers

The effects of cassava leaf extracts on oxidative stress
markers determined from kidney tissue homogenates are
shown in Table 2. Higher MDA level was observed in the
acetaminophen-intoxicated, untreated rats (positive control)
when compared with that in the negative control. However,
pretreatment with either the extracts or the standard drug
caused significant (P < 0.05) reduction in the MDA levels
relative to the positive control group in a dose-dependent
manner. On the contrary, significantly (P <0.05) lower levels of
SOD and CAT were seen in the positive control rats compared
to that in the negative control, but pretreatment with the
extracts also brought about significant (P < 0.05) elevation in
levels of enzymes when compared with the untreated positive
control group. Similarly, significantly (P < 0.05) lower levels
of GPx, GSH, and GST were observed in the positive control
group when compared with that in the negative control rats,
whereas pretreatment with either methanol or acetone extract
prevented the acetaminophen-induced reduction in the levels
of these antioxidants in the kidney. Also, pretreatment with the
standard drug, silymarin, caused increase in these antioxidants
levels. Comparatively, the methanol extract was more effective
(P < 0.05) than the acetone extract at 200 and 100 mg/kg for
CAT level, 200 and 50 mg/kg for GSH, and 100 and 50 mg/kg
for GST level.

Acute toxicity (LD50): The estimated minimum lethal dose
(LD50) of the acetone and methanol extracts was determined
and was found to be greater than 2000 mg/kg (>2000 mg/kg).

Table 1: Effects of cassava leaf extracts on serum renal function parameters

Groups Urea (mg/dL) Creatinine Total protein Albumin Sodium (mEq/L) Potassium Calcium (mg/dL)
(mg/dL) (mg/dL) (mg/dL) (mEq/L)
GRP-1  12.92 +0.69b 0.52 +0.08b 6.75 £ 0.20b 2.89 £0.13b 107.33 £ 9.05b 4.04 £0.16b 10.26 £ 0.70b
GRP-2  26.94+0.83a 1.89 £0.12a 3.60 +0.23a 1.75 £ 0.12a 156.15 + 8.90a 8.02 £ 0.20a 4.83+£0.35a
GRP-3  1431+£0.62bf  0.60£0.07bf  6.16 +£0.08abf 2.56 £0.13abf  112.08 £9.02bf 4.81 £0.19abf  9.10 £ 0.54abf
GRP-4 17.21 £0.87abg 1.03 £0.08abg 5.33 +0.39abg 2.41 £0.07abf  125.11 £ 11.99bf 5.67 £0.43abg  8.00 = 0.30abg
GRP-5 21.67+0.83abh 1.62 £0.06abh 4.02+0.28ah  2.03 £0.1lag 147.25 £8.54af  7.01 £ 0.38ah 6.21 + 0.58abh
GRP-6  15.21 £0.76abk 0.87 +0.07abk  6.00 £ 0.74bk  2.25+0.13abk  119.15 +5.80abk 4.92 +0.34abk  9.34 +0.61bk
GRP-7  22.05+0.78abl  1.50 =0.19al 4.60 + 0.49al 2.12 £0.12ak 140.04 £9.31ak  5.61 +0.27abl 7.00 £ 0.25abl
GRP-8  24.20+0.96abl 1.70 = 0.11al 3.87+0.74am  2.00 £ 0.11ak 151.03 +8.16ak  7.41 £0.25am 6.01 £ 0.27abm
GRP-9  12.11 +£0.62b 0.48 £0.07ab  6.51 £ 0.46b 2.81 £0.19b 104.21 £ 6.21b 4.22 £0.24b 10.01 = 0.64b

*Down the columns: a (P < 0.05) vs. negative control; b (P < 0.05) vs. positive control
**Comparison between groups 3, 4, 5 (methanol extract) and groups 6, 7, 8 (acetone extract); values with dissimilar superscripts down a
column are statistically different (P < 0.05)
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Table 2: Effects of cassava leaf extracts on oxidative stress markers

Parameter MDA SOD CAT (U/g protein) GPx (U/g protein) GSH (nmol/g tissue) GST (nM/min/
(nmol/g tissue) (U/g protein) mg protein)

GRP-1 40.20 + 1.34b 21.98 +1.73b 17.61 £1.13b 133.57 £ 11.40b 34.26 = 1.96b 69.07 =2.18b
GRP-2 91.29 +4.46a 5.75+0.57a 6.88 +0.65a 47.35+3.34a 10.09 + 0.48a 39.69 + 1.64a
GRP-3 43.11 +2.29bf 19.07 + 1.37bf 16.03 + 0.86bf 128.11 £ 9.30bf 32.16 = 0.50bf 66.35 £2.31bf
GRP-4 56.39 + 6.14abg  12.42 + 1.26abg 15.22 £ 0.76bf 119.21 + 4.64bf 25.35 + 1.72abg 61.16 = 1.29abg
GRP-5 70.05 +2.37abg 8.12 £ 0.63abh 12.08 + 1.03abg 84.15 + 7.09abg 18.15 + 1.05abh 53.61 +=2.17abh
GRP-6 49.15+1.97abk  16.75 + 1.40abk 14.12 + 0.53abk 125.55 +7.52bk 27.19 + 1.49abk 63.62 £ 2.46bk
GRP-7 64.81 £ 2.00abl 10.04 + 0.43abl 13.11 + 0.89abk 106.02 + 8.68bl 23.08 & 0.76abl 54.69 =+ 2.40abl
GRP-8 74.04 +2.08abm 7.09 £ 0.57abm  11.20 + 0.82abk 75.06 £ 6.36abm 20.72 £ 0.63abm  45.15 + 2.57abm
GRP-9 41.04 +2.40b 20.43 +1.13b 16.22 +0.69b 125.10 £6.71b 31.26 = 0.79ab 65.22 +£2.33b

*Down the columns: a (P < 0.05) vs. negative control; b (P < 0.05) vs. positive control
**Comparing between groups 3, 4, 5 (methanol extract) and groups 6, 7, 8 (acetone extract); values with dissimilar superscripts down a

column are statistically different (P < 0.05)

Phytochemical components of cassava leaf extracts

Chemical constituents of cassava leaf extracts are shown
in Table 3. The results revealed the presence of flavonoids,
alkaloids, saponins, anthocyanins, tannins, and triterpene.
However, cardiac glycoside, steroids, and anthraquinone were
absent in both extracts.

Discussion

The kidney is a vital organ with a dominant role in maintaining
homeostasis by excretion of waste products of metabolism.
Medicinal plants are regularly used in preventing or treating
certain ailments and are known to play a valuable role in
human health. Nephrotoxicity is a toxic effect of certain
substances such as chemicals and some drugs, which results
in kidney damage.! Although methanol and acetone are
two solvents with wide margin of polarity, there have been
conflicting reports about their potential for extracting
phytoconstituents. Although Truong et al.** and Felhi et al.>*
reported maximum phenolic and flavonoid contents for
methanol from their findings, Sharaibi and Afolayan**
and Ngo et al.®® gave a contrary report from their work,
that is, the phytochemical constituents, such as flavonoids
and saponins, were higher in acetone extract than that in
methanolic extract. Hence, methanol and acetone extracts
were compared in this study.

In this study, the phytochemical investigation of the extracts
revealed the presence of flavonoids, alkaloids, saponins,
anthocyanins, tannins, and triterpene. However, cardiac
glycoside, steroids, and anthraquinone were absent in both
extracts. The results partly agree with previous reports by
Anbuselvi and Balamurugan,*®! on the phytoconstituents in
methanol and acetone extracts of cassava leaves. Although
saponins were reportedly absent in the early report, they were
found to be present in this study, whereas steroids and cardiac
glycosides reportedly found in the acetone extract in earlier
report were not found in either extract in this study. The observed
differences in phytochemical composition of the previous report
and our results may be due to differences in environmental
conditions, which are dependent on the soil nature and level

Table 3: Chemical constituents of cassava leaf extracts

Sr. no. Chemical Acetone Methanol
constituents extract extract

1 Flavonoids + ++

2 Alkaloids + ++

3 Saponins + ++

4 Anthocyanins + ++

5 Tannins ++ +

6 Cardiac glycoside - -

7 Steroids - -

8 Anthraquinone - -

9 Triterpene + ++

of plant nutrient and the presence and nature of environmental
pollutants.B” Furthermore, we observed from the results that
the concentration of phytoconstituents contained in methanol
extract of M. esculenta leaves was slightly different from that in
the acetone extract of the same sample. Thus, the concentration
of tannins was more in acetone extract than that in the methanol
extract. On the contrary, the presence of alkaloids, saponins, and
flavonoids detected was more in the methanol extract than that
in the acetone extract. The medicinal values of tannins, which
include anti-inflammatory and wounds healing, have been
ascribed to its stringent properties. Equally, the wound-healing
activity of saponin has been reported.*® Flavonoids have been
reported to prevent drug-induced nephrotoxicity as a result of
its strong antioxidant activity. Similarly, certain flavonoids and
triterpenoids have been said to show nephroprotective effect due
to their antioxidant properties.”)

Nephrotoxic effect is frequently recognized by estimating
specific and reliable biomarkers such as serum urea and serum
creatinine. Urea is a major product of protein metabolism. It is
totally filtered by the glomerulus, and then excreted passively
in the urine at high concentrations. Thus, the level of urea in
serum is often used as a useful indicator of renal function,
whereas creatinine, an end product of muscle breakdown, on
the contrary, is constantly removed by the kidneys. Also, the
concentration of creatinine in serum is an indicator of renal
function, and an increase in serum level of creatinine is a
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signal of abnormal functioning of the kidneys."" In this study,
we noticed that the administration of acetaminophen (2 g/kg)
resulted in significant nephrotoxicity as shown by elevation in
serum urea, creatinine, sodium, and potassium levels, which is
in agreement with earlier reports.[*) However, a decrease in the
levels of total protein, albumin, and calcium was observed with
the administration of high-dose acetaminophen, which was
consistent with earlier reports.[*#2 However, pretreatment with
the extracts or silymarin caused a decrease in the acetaminophen-
induced enhancement of the aforementioned serum parameters
(urea, creatinine, sodium, and potassium levels). Likewise, we
observed that the administration of cassava leaves extracts,
particularly, at the highest dose for 7 days led significantly to an
increase in the levels of total protein, albumin, and calcium. The
results reveal that oral administration of the extract offered a
dose-dependent protection against the acetaminophen-induced
nephrotoxicity in rats. Thus, pre-administration of cassava
leaves extract significantly and dose dependently inhibited
the acetaminophen-induced elevated serum biomarkers (urea,
creatinine, sodium, and potassium). The observed inhibition
was of comparable effects with the standard drug (silymarin).
Adrian et al.* reported that the administration of extract
of M. utilissima leaves to cadmium-induced mice caused a
reduction in the levels of serum creatinine and urea.

There exists a correlation between oxidative stress and
nephrotoxicity in various experimental models.* In this
experiment, MDA level was noted to be high significantly
on treatment with paracetamol when the positive control
animals were compared with the negative control group. This
observation about the MDA level is in agreement with the
reports of Mostafa er al.™! An acute paracetamol overdose
has been reported to elevate lipid peroxidation level and
overwhelms renal tissue antioxidant defense mechanisms.®

SOD and CAT are said to be very important enzymes reported
to be involved in enhancing the effects of metabolism of
oxygen. SOD is regarded as the first line of defense the
organism uses in fighting against the harmful effects from
cellular oxygen radicals through the scavenging of ROS by
catalyzing dismutation of superoxide to yield oxygen and
hydrogen peroxide.®”) In this study, a decreased level of CAT
was noticed in the paracetamol-intoxicated rats, which has
been linked with increased lipid peroxidation and weakening
ofthe body antioxidant defense system because of paracetamol
overdose.® CAT is important for detoxification of cellular
oxygen and hydrogen peroxide (H,0,)-derived free radicals.
Also, in the paracetamol-intoxicated group, levels of SOD,
CAT, GPx, GSH, and GST were significantly less than the
negative control group, which was an indication of oxidative
stress to the kidney. Previous reports indicated that intracellular
GSH plays a crucial role in the detoxification of APAP and
also prevents APAP-induced toxicity in both liver and kidney
cells. Also, it has been reported that generation of ROS often
precedes the reduction of intracellular GSH and cellular
damage in APAP-induced hepatotoxicity.[*”]

Earlier, it has been reported that acetaminophen intoxication
leads to significant decrease in hepatic and renal activities of
antioxidant enzymes; GSH, GR, GPx, CAT, and GST.[*0
Similarly, Roy et al.®'! observed an increase in the levels
of urea, creatinine, and MDA and a decrease in the levels
of antioxidant enzymes, such as SOD, CAT, and GSH, in
rats treated with 550 mg/kg acetaminophen for 14 days.
Also, Sabiu et al.*? observed significant increases in serum
concentrations of urea, creatinine, uric acid, potassium, and
sodium in acetaminophen-intoxicated rats.

However, pretreatment with the extract dose dependently
prevented the acetaminophen-induced oxidative stress
observed in the positive control group. Thus, the extracts of
cassava leaves dose dependently showed antioxidant property
similar to the standard drug (silymarin) and inhibited oxidative
stress. Comparatively, the methanol extract gave higher in vivo
antioxidant effects than the acetone extract of the leaves and
also showed better nephroprotective effects than the acetone
extract in a dose-dependent manner, which is in agreement
with the report of Adrian et al.*¥ on the effect of the extract of
M. utilissima leaves against cadmium-induced mice.

Paracetamol kidney damage is mediated by its deacetylation
to p-amino phenol excreted in urine. Thus, p-amino phenol
plays a key role in pathogenesis of paracetamol induced kidney
damage. Conjugates of GSH formed in the liver are implicated
in paracetamol-induced kidney toxicity.l*?

The obtained results in this study may be described on the
basis of the observed in vivo antioxidant properties of the
leaves extracts as pretreatment with the extracts, or silymarin
significantly prevented the acetaminophen-induced oxidative
stress, which was evident by decreased MDA levels in renal
tissue and increments to near normal in the other oxidative
stress marker parameters examined. Various studies revealed
that the nephroprotective activities of plants are due to the
presence of antioxidant compounds in them.5 Though the
possible mechanism(s) of cassava leaves extracts against
acetaminophen-induced nephrotoxicity was not investigated
in this study, the possible mechanism of protection of the
extracts may be mediated through free radical scavenging and/
or antioxidant activities. Reports have shown that medicinal
plants having nephroprotective properties often mediate
their protection through free radical scavenging and/or
antioxidant activities as a result of their high concentration
of alkaloids and flavonoids.* Likewise, the hepatoprotective
and nephroprotective effects of saponins against carbon
tetrachloride—induced toxicity have been reported.>

Conclusion

On the basis of results obtained from this study, it could
be concluded that the extracts of cassava leaves have high
nephroprotective potential based on their antioxidant activity
and phytoconstituents. Thus, the leaves of M. esculenta could
be a good source of natural pharmaceutical nephroprotective
products.
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