IOSR Journal Of Pharmacy
(e)-ISSN: 2250-3013, (p)-ISSN: 2319-4219
www.iosrphr.org Volume 4, Issue 3 (March 2014), PP. 06-14

Protective Potential of Aqueous Leaf extract of Vernonia
amygdalina in Cyclophosphamide – Induced Myelotoxicity
Ikeh, Chibueze Kennedy1, Ikeh, Patricia Erebi2, Ezike, Chioma Adaobi3,
1. Department of Pharmacology, College of Health Sciences, Niger Delta University, Wilberforce Island,
Bayelsa State, Nigeria.
2. Department of Chemical Pathology, College of Health Sciences, Niger Delta University Wilberforce Island,
Bayelsa State, Nigeria.
3. Department of Pharmacology and Toxicology, Faculty of Pharmaceutical sciences, University of Nigeria,
Nsukka.

Abstract: Cyclophosphamide (CP) is among the most widely used alkylating anti-cancer agents in
chemotherapy. Myelotoxicity is one of its dose-limiting adverse effects. The aim of the present study, therefore,
was to investigate the possible protective potential of Vernonia amygdalina (VA) aqueous leaf extract in CPinduced myelotoxicity through evaluation of haematological parameters, glutathione (GSH), lipid peroxidation,
antioxidant enzymes (superoxide dismutase (SOD), and catalase(CAT)) as well as histopathological
examination of the kidney and liver sections of rats. Outcome was compared with that expressed by MESNA.
Administration of CP in a single dose (200 mg/kg, i.p.) significantly (P<0.01) decreased RBCs, WBCs and
platelets counts. In addition, CP produced a significant (P<0.01) reduction of all biochemical parameters
assayed as well as observable disruption of liver and kidney tissue architectures. Pretreatment of animals with
VA (250 mg/kg, per os) daily for 10 consecutive days significantly (P<0.01) ameliorated the changes in
haematological and biochemical parameters as well as histopathological changes induced by CP when
compared to the CP-treated group. Conclusively, Vernonia amygdalina (VA) aqueous leaf extract could have
protective potential against CP-induced myelotoxicity.
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I.

INTRODUCTION

It is a well-known fact that neoplasms are deleterious and reduce quality of life. Cyclophoshpamide
(CP) has been well documented to be effective in management of many human malignancies in order to improve
quality of life [1-4]. Many clinicians have continued to use CP either alone or in combination with other agents
in cancer chemotherapy due to its efficacy despite its notable adverse effects which include: myelotoxicity,
haemorrhagic cystitis, nausea, vomiting, alopaecia, nephrotoxicity, immunotoxicity, mutagenicity,
carcinogenicity and teratogenicity. [5-6]
Considering the inevitable cytostatic toxicity of CP, numerous researches are being carried out to find methods
to abolish, or at least ameliorate the toxicity it presents [7-9]. The development of cytoprotection is the most
pharmacologically attractive method of diminishing the CP toxicity. The design of chemoprotectants
development has been proven to be essential during antineoplastic chemotherapy. Chemoprotectants are
compounds providing tissue-specific cytoprotection, without compromising the desired antitumour efficacy or
contributing an additional own toxicity that might jeopardise the effects of adequate chemotherapy [7].
A sulfhydryl-containing agent, MESNA (Sodium-2-mecarptoethane sulfonate), has long been used in
detoxifying and ameliorating specifically the urotoxic effects of CP and other oxazaphosphorines [10-11].
However, there is no evidence of myeloid protection by this agent. Again, its own side effects are equally
disturbing and needs to be addressed [12].
Natural products have recently gained acceptance and have continued to gain grounds in therapeutics due to
their acclaimed efficacy in management of many ailments with little or no side effects when used appropriately.
They are also readily available depending on the region and geographical distribution. Many natural products
have been widely reported to ameliorate at varying degrees the side effects of oxazophosphorines e.g.
cyclophosphamide and ifosphamide [9].
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Numerous studies have shown that Vernonia amygdalina is capable of detoxifying the body owing to its
antioxidant properties thereby protecting the essential organs like the liver, kidney, heart, etc [13-15]. V.
amygdalina Del, commonly called bitter leaf, is a perennial shrub of between 2-5m in height that is commonly
found in the tropics. It belongs to the family Asteraceae. The leaves are greenish and elliptic in shape with about
6 mm length. It characteristic odor and bitter taste [16]. The plant has been domesticated in many parts of West
Africa, [17]. It is known as ‘Chusar-doki’ in Hausa, ‘Ewuro’ in Yoruba, ‘Onugbu’ in Igbo, ‘Ityuna’ in Tiv,
‘Oriwo’ in Edo, ‘Etidot’ in Ibibio, and ‘Grawa’ in Amharic, [18]. V. amygdalina is drought tolerant though it
grows better in a humid environment.
The leaves have long been found useful in traditional folk medicine as antimalarial, antimicrobial, anthelmintics,
antidiabetic, and anticancer [19-20].
The present study investigated for the first time the protective potential of V. amygdalina in CP-induced
myelotoxicity in albino Sprague-Dawley rats.

II.

MATERIALS AND METHODS

2.1 Extract Preparation
Leaves of V. amygdalina were sourced from Abakpa Nike Enugu, and were identified at the
Department of Pharmacognosy, Faculty of Pharmacy, Niger Delta University, Bayelsa state, Nigeria. A known
weight of freshly collected V. amygdalina (552.5 g) was macerating for 12 hours in distilled water and blended
using electric blender, after which it was filtered properly. The filtrate was lyophilized using Yorco™
Lyophylizer (PVT Industries, China) to yield dry 23.87 g (4.32 %) of V. amygdalina extract.
2.2 Animals
Out-bred mature Sprague-Dawley albino male rats (130 g –200 g) were used. They were procured from
the animal house unit of the department of Pharmacology, College of Health Sciences, Niger Delta University,
Wilberforce Island, Bayelsa state and housed in a well ventilated room at the same environment at room
temperature of about 28 0C ± 3 using standard rat cages. The animals were allowed to acclimatize for two (2)
weeks and fed with standard rat chow (Vital feed Nigeria, Plc) and water provided ad libitum. They were placed
under 12:12 hr light dark cycle. The entire experimental protocols were performed in accordance with the
Institutional Animal Ethical Committee (IAEC) in line with the directions of the committee for the purpose of
control and supervision of experiments on animals (CPCSEA) in the Niger Delta University, Wilberforce Island,
Bayelsa state, Nigeria.
2.3 Chemicals and Reagents
Cyclophosphamide (CYCLOXAN® 500mg) and Sodium – 2 – Mecarptoethane sulfonate (MESNA)
(BIOCHEM Pharmaceutical Industries Ltd.,Mumbai, India), catalase, Supraoxide dismutase and glutathione
commercial kits (Sigma Aldrich St Louis, USA) were used for biochemical assay. All other reagents used were
of standard analytical grade.
2.4 Induction of CP-induced Toxicity
Cyclophosphamide (CYCLOXAN 500 mg) and MESNA were suspended in normal saline before
administering to the test animals at the dose of 200 mg/kg and 67 mg/kg body weight respectively.
The CP and MESNA were given intraperitoneally (i.p) whereas extract of V. amygdalina (VA) was given orally
(per os) using gavage. The same dose schedule of CP (200 mg/kg) was given to all the groups that received CP.
The animals were divided into five (5) equal groups of six (6) rats each, (n=6).
Group 1= CP group (non-treated control) rats received a single i.p administration of CP on the tenth day after
oral gavage of normal saline for ten consecutive days.
Group 2 = MESNA+CP group: received normal saline for ten consecutive days before a single i.p dose of
MESNA at 67 mg/kg on the tenth day after which single dose of CP was administered within five minutes
interval on the same day.
Group 3 = VA+CP group: received 250 mg/kg V. amygdalina orally for ten consecutive days followed by i.p
administration of CP on the tenth day.
Group 4 = VA alone group: received only 250 mg/kg V. amygdalina orally for ten consecutive days. Group 5 =
Naïve control rats received only normal saline orally for ten consecutive days. The dosing procedure was
performed in such a way that the entire rats in all the groups could be sacrificed on the 11 th day. The LD50 of V.
amygdalina extract was found to be 1500mg/kg based on our pilot study.
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2.5 Blood sample collection
Prior to death on the 11th day, blood sample was collected through the ophthalmic venous plexus
located in the orbital sinus of the rats with the aid of micro-capillary pipette [21], as modified by Rilley (1960)
[22]. About 1ml of blood collected from each of the rats was introduced into a clean labeled sample bottle
containing 1mg Na-EDTA powder and mixed mildly to avoid clotting.
2.6 Haematological test
To determine the level of myelosuppression, the blood sample, immediately upon collection was
analyzed using an automated dialyzer machine. Model No: Sysmex kx-21n 3 – part differential analyzer
(Sysmex Corporation, Kobe, Japan).
2.7 Biochemical analysis
After the ten days experimental period, animals were sacrificed by means of cervical dislocation on the eleventh
day (i.e. within 24hrs). The kidney and liver was harvested for onward biochemical investigation with some
parts preserved using 10% buffered formalin for histopathological studies.
2.7.1 Analysis of glutathione (GSH)
The serum glutathione was estimated according to the method described by Sedlak and Lindsay, 1968
[23]. To 1 ml of the sample suspension (1 mg protein/ml), 1 ml of 10 % TCA (Trichloroacetate) containing 1
mM EDTA was added. The protein precipitate was separated by high speed centrifugation at 2500 rpm for 10
min. About 1 ml of supernatant was treated with 0.5ml of Ellmans reagent and 3ml of phosphate buffer (0.2,
pH7.4). The absorbance was read at 412 nm using spectrophotometer.
2.7.2 Superoxide dismutase analysis
A method originally described by Misra and Fridovich, 1972, [24] as reported by Magwere, 1997 [25]
was employed. The homogenate was supplemented with 2.5 ml of carbonate buffer, followed by equilibration at
room temperature; 0.3ml of 0.3 nM adrenaline solution was then added to the reference and the test solution,
followed by mixing and reading of absorbance at 420 nm.
2.7.3 Catalase assay
Activity of catalase in urinary bladder was determined according to procedure of Sinha, (1972) [26].
This method is based on the reduction of dichromate in acetic acid to chromic acetate when heated in the
presence of H2O2, with the formation of perchromic acid as an unstable intermediate. The chromic acetate so
produced is measured. Absorbance was read at 480 nm within 30-60 seconds against distilled water.
2.7.4 Malondialdehyde (MDA) Assay
The MDA assay method of Hunter, 1963 [27] as modified by Gutteridge and Wilkins, 1982 [28] was adopted.
Malondialdehyde (MDA), a product of lipid peroxidation, when heated with 2- thiobarbituric acid (TBA) under acid
conditions forms a pink colored product which has a maximum absorbance of 532 nm. The urinary bladder homogenate was
supplemented with I g of TBA in 100 ml of 0.2 % NaOH and 3 ml of glacial acetic acid, thoroughly mixed and incubated in
boiling water bath for 15 minutes, then allowed to cool after which they were centrifuged. Absorbance was read at 532 nm
and the results expressed as nanomoles MDA/mg wet tissue.

2.8 Clinical Examination for Haematuria
Clinical examination for presence of haematuria was carried out by placing white clean cardboard paper on the
floor of the rat cages. Presence of frank blood mixed with urine was observed after 24hrs of CP administration.

2.9 Histopathological Examination
Small portions of kidney and liver was fixed in 10 % buffered formalin, processed and embedded in paraffin wax.
Sections of about 5 μm were made and stained with routine haematoxylin and eosin (H & E) for examination by light
microscopy.

2.10 Statistical Analysis
Data obtained were analyzed using One-way Analysis of Variance (ANOVA) in SPSS version 15.0 and subjected
to LSD and Duncan post-hoc test. Significant difference between means of treated and control were accepted at P<0.01.
Data were expressed as Mean ±SEM.
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III.

RESULTS

3.1 Effects of extracts on CP-induced urotoxicity
3.1.1 Effects of extract on glutathione
The CP (200 mg/kg) treated animals showed a significant (P<0.01) decrease in GSH content in the
serum compared to naive group. The GSH values for animals that received MESNA+CP and 250 mg/kg
VA+CP were significantly (P<0.01) higher than those of CP alone (TABLE 1).
3.1.2 Effects of extracts on SOD Activity.
Superoxide dismutase activity was significantly reduced (P<0.01) in CP treated animals when
compared with naïve (control) animals. Animals that were given MESNA+CP, VA+CP and VA only showed a
significant (P<0.01) increase in SOD activity than CP treated group (TABLE 1).
3.1.3 Effects on catalase activity
Catalase activity in the serum of CP-treated animals was significantly lower (P<0.01) than naïve
(control) animals that received only normal saline. Animals that were given MESNA+CP, VA+CP and VA only
showed a significant (P<0.01) increase in catalase activity than CP treated group (TABLE 1).
3.1.4 Effects of extracts on lipid peroxidation (LPO)
Lipid peroxidation (LPO) was measured as the amount of thiobabituric acid reactive substances
(TBARS) in the urinary bladder. The results were expressed as malondialdehyde (MDA) formed using molar
extinction coefficient of 1.56x105M/cm. TABLE 2 presented CP-treated animals showing significantly high
levels of LPO values (P<0.01) compared to naive (control). Animals treated with, MESNA+CP, VA+CP and
VA only, showed LPO values that were similar but significantly lower (P<0.01) than in CP treated animals.
3.2 Effect on haematological parameters.
The CP-treated rats depicted values of total RBCs count, leukocyte count, absolute neutrophil and lymphocyte
counts that were significantly (P<0.01) lower than those of naïve (control) rats. Animals that received MESNA+CP had
significantly (P<0.01) higher values than the CP treated animals. However, these values were significantly lower (P<0.01)
than the control group. Values of total RBCs count, leukocyte count, absolute neutrophil and lymphocytes for 250 mg/kg
VA+CP and 250 mg/kg VA alone groups were significantly (P<0.01) higher than in CP treated animals (TABLE 3).

3.3 Effect on platelet count, absolute basophils and eosinophils
Animals that received only CP had significantly (P<0.01) low values of platelet than those of control
animals. The groups that received MESNA+CP, 250 mg/kg VA+CP, 250 mg/kg VA alone indicated
significantly (P<0.01) higher platelet counts than CP-treated group.
The absolute basophils and eosinophils result depicted no significant change for all the groups (TABLE 3).
Table 1: Effects of V. amygdalina on GSH, SOD and Catalase Activities in CP-induced Toxicity
Treatment

Dose mg/kg

CP Alone

200

1.00±0.10 b

2.42±0.31 b

3.01±0.31 b

MESNA+CP

67

4.77±0.38* a

9.49±0.65* a

13.67±0.51* a

250

5.16±0.29 *a

10.26±0.33* a

15.27±0.54* a

VA + CP
VA Alone
Naïve Control
(Normal Saline)

250
0.2ml/100g

Reduced glutathione & antioxidant enzymes
GSH nM/g tissue
SODµM/mg tissue Catalase nM/mg tissue

5.78±0.46* a
5.28±0.45*a

10.38±0.58* a
9.79±0.32* a

15.31±0.81* a
14.92±0.33* a

One-way ANOVA followed by post-hoc LSD and Duncan was adopted.
LSD= Means in the same column with asterisks (*) indicate significant different P<0.01, compared to CP
treated animals. Duncan= Means in the same column with different superscript letter(s) indicates significant
difference, P<0.01 comparing all the groups.
Data are Mean ±SEM (n = 6)
Key: - CP: cyclophosphamide; MESNA: sodium-2-mecaptorethane sulphonate; VA: V. amygdalina.
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Table 2: Effects of V. amygdalina on lipid peroxidation (LPO) induced by CP.
Treatment

Dose mg/kg

LPO nM MDA/mg wet tissue

CP Alone

200

50.39±3.52 b

MESNA+CP

67

37.43±3.62 a b

VA + CP

250

22.69±0.88* a

VA Alone

250

21.00±1.14* a

Naïve Control (Normal Saline)

0.2ml/100g

25.04±0.61* a

One-way ANOVA followed by post-hoc LSD and Duncan was adopted.
LSD= Means in the same column with asterisks (*) indicate significant different P<0.01, compared to CP
treated animals. Duncan= Means in the same column with different superscript letter(s) indicates significant
difference, P<0.01 comparing all the groups.
Data are Mean ±SEM (n = 6).

Treatment

Table 3: Effects of V. amygdalina on Haematuria induced by CP.
Dose mg/kg
Presence of Haematuria

Naïve Control (Normal Saline)

0.2ml/100g

Negative

CP Alone

200

Positive

MESNA+CP

67

Negative

VA + CP

250

Negative

VA alone

250

Negative

Table 4: Effects of V. amygdalina on hematological parameters of peripheral blood in CP-induced toxicities
Parameter
Naïve Control
CP Alone
MESNA
VA+CP
VA Alone
(Normal Saline)
Dose (mg/kg)

0.2ml/100g

200

67

250

250

RBC count
(x106µl)

9.57±0.24*a

3.49±0.62 b

6.97±0.45* a c

9.27±0.48 *a

WBC count
(x103µl)

12.02±0.76*a

3.17±0.27 b

6.94±0.57* c

11.42±0.59 *a

10.29±0.61 *a

Neutrophil

2.86±0.22*a

0.17±0.07 b

1.37±.33 b c

2.60±0.32 *a

2.70±0.43 *a

Lymphocyte

8.38±0.37*a

1.50±0.24 b

5.72±0.91*a c

Platelet

803.00±62.32*a

221.20±71.44 b

725.60±46.39* a

787.20±56.17 *a

Basophil

0.05±0.00* a

0.03±0.00* a

0.04±0.00* a

0.03±0.01* a

Eosinophil

0.25±0.03* a

0.23±0.02* a

0.24±0.04* a

0.29±0.07* a

7.72±0.42* a

9.81±0.53 *a

8.92±0.47 *a
813.80±38.38 *a
0.03±0.01* a
0.28±0.04* a

Data are Mean ±SEM (n = 5). One-way ANOVA followed by post-hoc LSD and Duncan was adopted.
LSD= Means in the same column with asterisks (*) indicate significant different P<0.01, compared to CP
treated animals.
Duncan= Means in the same column with different superscript letter(s) indicates significant difference, P<0.01
comparing all the groups.
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3.4 Histopathological Studies
3.4.1 Kidney
The photomicrograph showed intact renal corpuscles of the kidney and tubules of the control animal
(Fig. 1A) unlike those of the animals that received only CP (Fig. 2A). The kidney of the animals that received
only CP presented with mild cellularity and congestion of the glomerulus. MESNA+CP animals (Fig. 3A)
presented mild congestion of the glomerulus which is comparable to those that received CP alone. However,
photomicrograph of kidney of animals that received 250 mg/kg VA+CP (Fig. 4A) and 250 mg/kg VA alone
(Fig. 5A) depicted intact tubules and glomerular tufts with no observable histological changes as seen in normal
group that received only saline.
3.4.2 Liver: Histopathological sections of the liver of the control animal showed normal plates of hepatocytes
separated by sinusoids (Fig. 1B) unlike those of test animals that received only CP. The liver tissue of the
animals that received only CP in presented with apoptotic cells (Fig. 2B). Liver photomicrographs of animals
that received MESNA+CP (Fig. 3B), 250 mg/kg VA+CP (Fig. 4B), 250mg/kg VA alone (Fig. 5B) were
presented with normal plates of hepatocytes with no observable histological change comparable to normal group
that received only saline without any treatment.

Figure 1: Photomicograph of organ sections from control rats given normal saline showing: A – the
kidney showing normal renal corpuscules (R) and tubules (dark arrow); B – the liver showing the central
vein (CV) and normal plates of hepatocytes separated by the sinusoids (arrow).

Figure 2: Photomicrograph of sections of organs from rats given 200mg/kg of CP showing: A- Kidney
showing mild congestion of the glomerulus(G), B- Liver showing the central vein(CV) and apoptotic cells
(arrow). H&E ×400
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Figure 3: Histologic sections of organs from rats treated with 67mg/kg of MESNA and 200mg/kg of CP showing:
A- kidney showing mild cellularity of the glomerulus(G); B-liver showing central vein(CV) and normal hepatocytes.
H&E ×400.

Fig.4. Photomicrograph of sections of organs from rats treated with 250mg/kg of VA and 200mg/kg of CP showing:
A- kidney with normal tubules and glomerular tufts (T); B-liver showing the portal area (PA). H&E ×400.

Figure 5: Photomicrograph of sections of organs from rats given 250mg/kg of VA Alone showing: A- the kidney with
no observable histologic changes (see the glomerulus (G) and renal tubules ‘arrow’), B- liver with decreased nuclear
chromatin density of the hepatocytes (arrows).H&E ×400

IV.

5.DISCUSSION

The present study investigated the possible protective and ameliorative potential of V. amagdalina in
preventing the undesirable myelotoxicity induced by cyclophosphamide in rats.
The use of natural products as alternative medicine has been encouraged especially because they are relatively
cheap and with minimal side effects when compared to modern medicine [29].
There is increased demand regarding the scientific proof and justification of the use of herbs for
medicinal purpose. Consequently, attempt was made to investigate the protective role of aqueous leaf extracts of
V. amygdalina against CP-induced myelotoxicity using biochemical, haematological and histological parameters
as well as clinical examination.
Myelotoxicity or bone marrow suppression is associated with reduction below normal values of all blood cells
which are produced primarily in the bone marrow. Many chemotherpuetic agents including CP have been implicated in
short-term damage of the bone marrow which results in abnormally low numbers of leukocytes, erythrocytes and platelets
regarded as bone marrow suppression or myelosuppression [30].
In the present study, administration of CP depleted significantly the essential antioxidants as well as glutathione
levels in the serum. There was also reduction below normal values of total leukocyte count (TLC), total erythrocyte count
(TEC), platelets, nuetrophils and lymphocytes. Free radical generation is one of the mechanisms by which CP and its
derivatives exert their toxic effects in different tissues as well as the bone marrow [31]. Again, an overall decrease in the
reduced glutathione (GSH) content has often been reported in various tissues as a result of CP treatment [31-32].
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The CP-induced depletion of GSH is essentially mediated by the interaction of its reactive metabolite, acrolein with GSH
[33]. It is also reported that cysteine which is one of the amino acid constituents of GSH interacts with acrolein in a similar
way as GSH itself [33]. Consequently, a number of antioxidants and sulfhydryl (-SH) containing compounds such as
sodium-2-mecarptoethane sulphonate (MESNA), amifostine, disulphiram, L-cysteine, N-acetylcysteine, S-carboxy-methyl –
L – cysteine, D-penicillamine, GSH, glutathione esters etc. have been reported to protect the animals from toxic effects of
CP,[34-38]. Although several antioxidants have been reported in clinical and experimental studies to offer protection to the
kidneys, liver and urinary bladder [10, 34], yet more attention has been given to the possible roles of dietary antioxidants in
protecting these organs against CP-induced toxicity possibly because they are cheaper and tend to have minimal side effects
[9]. Reports on various plant extracts and their phytochemical constituents including flavonoids which are naturally
occurring antioxidants that possess pharmacological actions and therapeutic application are still accumulating [39].
The ten (10) days pretreatment with VA completely ameliorated the CP-induced oxidative stress as evidenced by
the increased GSH, SOD and catalase with decreased LPO levels comparable to MESNA. There was also sparing of the
blood cells indicating protection of the myeloid tissue. Findings on examination of the histopathological slides further
authenticates these results as par intact architectural integrity of kidney and liver tissues of the animals that received VA+CP
and VA alone compared to those of CP-treated animals which showed active congestion of the capillaries with
polymorphonuclear cell infilteration and oedema of lamina propria.
In terms of haematological parameters evaluated, MESNA may not have protected the myeloid system from CPinduced myelosuppression as evidenced by significant (P<0.01) reduction below normal values of all the blood cells, except
platelets, basophils and eosinophils.. The animals given MESNA+CP showed high levels of leucopenia, neutropenia and
lymphocytopenia. This appears to be in agreement with the report of Berrigan et. al., (1982) [40] who reported that MESNA
lacked the ability to protect from CP-induced myelosuppression. In contrast, V. amygdalina may have protected the myeloid
system from CP-induced myelotoxicity. This may be through another mechanism probably by prevention of lipid
peroxidation and nutrient supplementation as earlier reported[41].
V. amygdalina has been widely reported to contain high levels of nutrients including proteins with high essential amino
acids, carbohydrates and fiber [42-44]. The plant has also have been shown to contain appreciable quantities of ascorbic acid
and caroteinoids [42-44]. Calcium, iron, potassium, phosphorous, manganese, copper and cobalt have also been found in
significant quantities in V. amygdalina [42-44]. In addition the phytochemical screening of aqueous leaf extract of V.
amygdalina has shown that it also contains flavonoids, saponins and sesquiterpene lactones [45-46].
Flavoniods have been widely reported to possess antioxidant activity and are effective scavengers of reactive oxygen species
[47]. The molecular mechanism of V. amygdalina activity against the CP-induced urotoxicity might have been directly
related to its ability to scavenge ROS attributable to flavonoids [47].

CONCLUSION
The present study investigated for the first time the potential detoxifying efficacy of V. amygdalina focusing on its
antioxidants activity, reduced LPO and absence of haematuria.
The findings established that V. amygdalina is endowed with properties of a detoxifier and adjuvant therapeutic agent for
cancer patients. Again considering the fact that MESNA is relatively more expensive and has its own side effects, V.
amygdalina may be an alternative replacement.
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