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Abstract
Sub-Saharan Africa with anemia prevalence of 68% could qualify as the anemia capital of the world. Anemia in this region 
affects mainly pregnant women and children. The high incidence of malaria in sub-Saharan Africa makes anemia incidence 
worse as malaria parasites cause hemolytic anemia. Available treatments seem unpalatable due to side effects. The populace 
seeks medical attention via their traditional therapies like herbs. This study is aimed at evaluating the use of Mucuna pruriens 
herb in the treatment of hemolytic anemia secondary to malaria. Thirty-six adult male rats weighing between 150 and 200 g 
were divided into six groups (n = 6). Group I served as the negative control and received syrup formulation without the extract 
(placebo) but allowed access to food and water ad libitum. Groups II to VI received phenyl hydrazine 60 mg/kg for 3 days to  
induce anemia. Additionally, groups IV to VI received 50 mg/kg, 100 mg/kg, and 200 mg/kg of Mucuna pruriens syrup formulation  
respectively, while group III received a standard drug. Feed and water consumption were measured weekly while PCV, Hb,  
RBC, platelet, ESR, MCV, MCHC, MCH, WBC, lymphocytes, neutrophils, monocytes, eosinophils, and basophils were 
measured before anemia induction and at days 0, 7, 14, and 21. Phytochemical analysis of the extract was also carried out. 
Administration of phenylhydrazine significantly decreased (p < 0.05) the levels of PCV, Hb, and RBC, respectively. Also, 
there is a significant increase in monocytes. Phytochemical analysis shows the presence of phenols, flavonoids, saponins, 
tannins, glycosides. Mucuna pruriens is effective in the treatment of PHZ induced hemolytic anemia.
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Introduction

The disease burden in Sub-Saharan Africa is alarming, 
accounting for up to 69% of the continent’s deaths (Aikins 
et al. 2010). Among this burden is the catastrophic incidence 
of malaria disease which has assumed a public health dimen-
sion. A malariometric survey of Sub-Saharan Africa shows 
that 90% of all deaths related to malaria globally occur in this 
region with children ages 1–5 years contributing a whopping 
78% of this share. The economic burden of malaria to this 
region is estimated to be 12 billion dollars in direct cost, 
and this burden is primarily on the shoulders of the poor 

and rural dwellers that live below the poverty line (Alegana 
et al. 2020). Closely associated with the incidence of malaria 
in this region is the incidence of hemolytic anemia, that had 
prompted some researchers to recommend anemia status as 
an additional indicator for monitoring community malaria 
burden (Korenromp et al. 2004). The prevalence of anemia 
in the world is about 25% with Sub-Saharan Africa having 
prevalence as high as 68% in pre-school children and 57% in 
pregnant women (Magalhães and Clements 2011). Hemolytic 
anemia, secondary to malaria, is characterized by hemolysis 
of both infected and uninfected erythrocytes and dyserythro-
poiesis of the bone marrow since erythropoietic activity can-
not adequately compensate for the loss (Jakeman et al. 1999; 
Price et al. 2001). Clinical manifestation of hemolytic anemia 
which is mainly as a result of decreased tissue oxygen supply 
leading to organ dysfunction and adaptive changes includes 
exhaustion and fatigue. Diagnosis of this anemic condition 
may record normochromic normocytic anemia, increased 
serum lactate dehydrogenase (LDH), elevated reticulocyte 
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count, bilirubin and hemoglobin, decreased haptoglobin, etc 
(Barcellini and Fattizzo 2015). White (2018) showed that 
children in malaria-endemic regions of Sub-Saharan Africa 
suffer from reduced hemoglobin (Hb), reduced ability to 
compensate for Hb changes with the situation sometimes 
becoming critical and requiring hospitalization and or blood 
transfusion. Children aged 1–5 years and pregnant women in 
this region bear the bulk of the burden which is usually worse 
in rainy seasons (Accrombessi et al. 2015; Antony 2008; 
Crawley 2004; Kahigwa et al. 2002; Moraleda et al. 2017; 
Mulenga et al. 2005). The medical consequences of anemia in 
children range from poor cognitive development and growth 
to decreased immunity and a higher risk of death. Adding 
to the incidence and burden of anemia in pregnant mothers 
is the fact that the newborn usually have lower hemoglobin 
levels thereby reducing their survival. While anemia treat-
ment worldwide has standard therapies, Sub-Saharan Africa 
relies more on decoction, fresh leaves, barks, and herbs for 
most of their healthcare needs (Innih et al. 2020; Suzanne 
et al. 2020). This is because most standard treatments are 
believed to have unwanted effects making it highly undesir-
able. They include side effects associated directly with the 
therapies like nausea, vomiting, and dark stool, which are 
iatrogenic in nature (Resmi et al. 2017). Since the use of 
plants in healthcare dates back to ancient times, development 
of a local herb used in the management of a disease could 
lead to discovery, contributing to evidence-based transla-
tional medicine (Goorani et al. 2019). This will give a lot of 
room for improvement in healthcare towards development of 
more modern therapies that will be acceptable, available, and 
affordable in Sub-Saharan Africa.

Phenylhydrazine (PHZ) is a model of hemolytic anemia 
usually used in experimental therapies to assess new regi-
men. It was formally used as an antipyretic drug and later 
for the treatment of polycythemia vera but had been dis-
continued following high incidence of toxicity. The toxicity 
is wild spread affecting the various level of the mamma-
lian system which qualifies PHZ to be used in models of 
anemia (Gheith and El-Mahmoudy 2018), Jaundice (Zhang 
et al. 2015), vascular dysfunction (Luangaram et al. 2007), 
pulmonary thrombosis (Sato et al. 2013), and enhancement 
of parasitemia levels in animal models (Zhu et al. 2015) 
depending on dosage and timing (Roque et al. 2008). In 
the hematological system, PHZ lead to a decrease in pack 
cell volume (PCV), hemoglobin (Hb), and red blood cells 
(RBC). Also, it could result in reticulocytosis, anisocytosis, 
poikilocytosis, and leukocytosis which manifests mainly in 
lymphocytes and monocytes and increase in Heinz body 
and free plasma Hb. There is also increase in mean corpus-
cular volume (MCV), distortion of osmotic resistance, and 
erythropoietin levels possibly as an adaptive response. These 
toxicological manifestations follow the ability of PHZ to 
oxidatively form phenyldiazinyl and phenyldiazene radicals 

that could break up to give phenyl radical  (Ph•) and nitro-
gen.  Ph• has the ability to bind DNA, proteins, and lipids 
leading to inhibition of protein synthesis, enzyme damage, 
membrane peroxidation etc. (Magnani et al. 1988; Pandey 
et al. 2017). It is believed that since  Ph• is involved in the 
perturbations of the system at different levels, the body’s 
antioxidant system which includes both the enzymatic and 
the non-enzymatic types may protect the body from such 
effect(s) (Madhikarmi and Murthy 2015).

Sub-Saharan Africans rely a lot on natural remedies in the 
management of diseases in the region and as much as 80% 
of the population depends on the herbal medicines for their 
health needs. The development of a herbal therapy to combat 
hemolytic anemia secondary to malaria will not only reduce 
the regions’ burden of anemia but certainly will increase 
survivability (Kumar and Saha 2013). One of such herbal 
remedies in folk use is Mucuna pruriens (Velvet beans). 
It is of the family Fabaceae, an annual climbing legume 
that is known for its anti-Parkinson, neuro-protective, and 
fertility-enhancing properties (Deokar et al. 2016; Kumar 
and Saha 2013). It is known to contain several vitamins (A, 
C, E) and minerals (copper, zinc) which may partly account 
for its folklore usage in the management of anemia and other 
hematological diseases (Nweze et al. 2017).

This study evaluates the potential of Mucuna pru-
riens–based formulation in the management of PHZ induced 
hemolytic anemia and hematological and metabolic distor-
tions. This is a step towards achieving plant-based therapy in 
a ready-to-administer form as a way of advancing local herbal 
usage in disease management and translational medicine.

Materials and methods

Harvesting of the Mucuna pruriens

Fresh leaves of Mucuna pruriens were collected from a for-
est in the Enugu State of Nigeria and scientifically identified 
by a plant taxonomist at the International Center for Ethno-
medicine and Drug Development (InterCEDD) Nsukka, 
Nigeria.

Processing and extraction of Mucuna pruriens

The fresh leaves were thoroughly washed and air-dried at 
room temperature for 5 days until constant weight. The 
dry leaves were then pulverized and stored in an airtight 
container. Thirty grams of the powder were macerated in 
100 ml of 80% ethanol in water (v/v) for 48 h and filtered 
using Whitman paper no 1. The filtrate was then concen-
trated to 10% of its original volume using a rotary evapora-
tor. The sample was then dried over a water heater at 35 °C 
until constant weight.
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Phytochemical screening

Phytochemical screening of the extract was performed to 
ascertain the different classes of phytochemicals present 
based on standard methods (Harborne, 1984).

Formulation of Mucuna pruriens–based syrup

The syrup formulation was based on the following:
Mucuna pruriens extract 20 g.
Citric acid1.2 g.
Benzoic acid0.1 g.
Sorbitol solution35 mL.
Glycerin5 mL.
Distilled water (q.s)100 mL.

Animal husbandry

Thirty-six, 10-week-old Sprague Dawley rats weighing 
between 150 and 200 g were purchased from the animal 
house of Enugu State University of Science and Technology, 
Agbani Enugu state. They were housed in propylene cages 
embedded with husk padding which was changed every day 
to maintain experimental hygiene. Acclimatization was done 
for 1 week in a facility maintained at 12-h dark–light cycle, 
humidity of 50 ± 5%, and 25 °C ± 15% temperature. The ani-
mals had free access to food and water ad libitum during the 
acclimatization. The protocols adhered to the guidelines for 
the safe care and use of animals of Enugu State University 
of Science and Technology, Agbani Enugu state.

Chemicals

Analytical grade of phenylhydrazine and ethanol was pur-
chased from Sigma-Aldrich, Missouri USA, through a local 
representative in Nigeria.

Standard drug

Astyfer syrup (Fidson Healthcare PLC Nigeria) was used as 
a standard therapy.

Acute oral toxicity studies

The rats received Mucuna pruriens hydro-ethanolic extract 
per oral at different doses ranging from 50 to 5000 mg/kg 
body weight (b.w.). The animals were examined for signs 
of toxicological manifestations by observing changes in 
their behavior, neural changes, and changes in their feeding 
behavior etc. There were no manifestations of toxicological 
signs or death even at the highest concentration of 5000 mg/
kg. The extract, therefore, is assumed safe up to the maxi-
mum concentration.

Induction of anemia

Baseline hematological values were determined before the 
commencement of anemia induction. Anemia was induced in 
the rats by the administration of 60 mg/kg phenylhydrazine 
intraperitoneal (i.p.) injection for 3 days (Pandey et al., 2016). 
The rats were considered anemic when their red blood cell 
(RBC) and hemoglobin (Hb) levels fall to at least 30% of their 
baseline value. The anemic rats were used for groups II to VI.

Experimental design

The rats were divided into six (6) groups (n = 6) and were 
treated as follows:

Group I: normal/negative control.
Group II: positive control (received placebo or syrup for-
mulation without the extract).
Group III: standard treatment (Astyfer syrup).
Group IV: formulation (50 mg/kg).
Group V: formulation (100 mg/kg).
Group VI: formulation (200 mg/kg).

Measurement of FI

A known quantity of feed was measured into the feeding 
container, and the animals were allowed access to the feed. 
The remnants were collected back and weighed to accurately 
quantify the actual feed consumed on weekly basis.

Measurement of WI

Weekly water intake was measured similar to feed intake.

Hematological analysis

About 2 ml of blood were collected from each animal into 
sodium ethylene diamine tetraacetic acid bottle (EDTA) by 
retro-orbital bleeding technique before anemia induction (BI), 
after anemia induction/day 0 (AI), and days 7, 14, and 21. The 
parameters measured were the pack cell volume (PCV) based on 
the method of Thrall and Weiser (2002), red blood cell ((Thrall 
and Weiser 2002), and hemoglobin (Hb) based on cynomet Hb 
method (Higgins et al. 2008). The white blood cell (WBC) meas-
urement was done based on the hemocytometer method while the 
differential counts were done on dried thin blood smears that had 
been stained using the Leishman technique and counted using 
the meander method (Thrall and Weiser 2002). The mean cor-
puscular hemoglobin concentration (MCHC), mean corpuscular 
hemoglobin (MCH), and mean corpuscular volume (MCV) were 
calculated using the standard formula (Thrall and Weiser 2002). 
The platelet count was based on the wright stain method (Bell 
and Neely 1980) while the erythrocyte sedimentation rate was 
based on the westergreen method (Thrall and Weiser 2002).
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Data analysis

The data obtained were subjected to appropriate statistical 
analysis using GraphPad Prism version 8.0.1 (www. graph pad. 
com, San Diego, CA). The data were analyzed using one- or 
two-way analysis of variance as appropriate and differences 
among the groups were spotted out using Turkey’s post hoc 
test and presented as mean ± standard deviation (SD). Signifi-
cance was set at p < 0.05.

Results

Phytochemical analysis

The extract of Mucuna pruriens was found to be rich in pro-
teins, phenols, flavonoids, saponins, tannins, and glycosides 
(Table 1).

Key: ( +) = slightly present, (+ +) = moderately present, 
(+ + +) = highly present.

Effect of Mucuna pruriens formulation treatment 
on feed intake of animals made anemic using 
phenylhydrazine

Treatment of the animals with phenylhydrazine significantly 
decreased (p < 0.001) feed intake from 293.16 g in week 1 to 
254.16 g in week 3 when compared to control group (290.5 g in 
week 1 to 276.16 at week 3) representing a decrease of 13.3% and 
9.5%, respectively. Treatment with Mucuna pruriens formulation 
at different doses ameliorated this metabolic alteration (Fig. 1).

Effect of Mucuna pruriens formulation treatment 
on water intake of animals made anemic using 
phenylhydrazine

Administration of phenylhydrazine to animals decreased 
water intake from 728 ml in week 1 in the untreated group 

to 435 ml by week 3 when compared to the negative control 
group (490 to 488 ml). There is no significant difference in 
water intake between the groups (Fig. 2).

Effect of Mucuna pruriens formulation treatment 
on PCV, Hb, RBC, platelets, ESR, MCV, MCHC, 
and MCH of animals made anemic using 
phenylhydrazine

Table 2 shows the effect of Mucuna pruriens formula-
tion treatment on PCV, Hb, RBC, platelets, ESR, MCV, 
MCHC, and MCH of animals made anemic using phe-
nylhydrazine. The PCV of all the animals were compara-
ble before the start of the experiment and were between 
38.00 ± 4.28% and 43.50 ± 1.50%. Hb content was between 
12.75 ± 1.15 g/dl and 14.36 ± 0.96 g/dl, RBC level between 
4.69 ± 0.72 ×  106/µl and 6.90 ± 2.96 ×  106/µl, platelets 
between 233.33 ± 57.55% and 270.33 ± 18.11%, ESR 
between 0.33 ± 0.15 mm/h and 1.10 ± 0.37 mm/h, MCV 
between 55.60 ± 8.65 fl and 74.23 ± 11.54 fl, MCHC between 
30.00 ± 2.66 g/dl and 34.89 ± 2.98 g/dl, and MCH between 
20.81 ± 3.08 pg and 27.19 ± 2.23 pg, respectively. Treatment 
of the animals with phenylhydrazine caused a significant 
decrease (p < 0.05) in PCV of the positive control value of 
24.50 ± 1.89% when compared with value of negative control 
group, 42.55 ± 1.59%. Also, Hb levels of the positive control 
group significantly decreased (p < 0.05) to 8.70 ± 0.70 g/dl 
as against the negative control group value of 14.00 ± 0.26 g/
dl. Administration of phenylhydrazine also affected the lev-
els of RBC and platelets with the positive control values 
significantly decreasing (p < 0.05) to 3.03 ± 0.78 ×  106/µl and 
170.66 ± 87.68% as against that of the negative control val-
ues (6.86 ± 1.53 ×  106/µl and 234.83 ± 74.20%), respectively. 
Also, phenylhydrazine increases significantly the level of 
MCV from 60.74 ± 10.55 fl in the negative control group as 
against 80.86 ± 15.86 fl in the positive control group. Treat-
ment with Mucuna pruriens–based formulation ameliorated 
these hematological alterations to different degrees.

Results are presented as mean ± standard deviation, n = 6. 
a,b,c: significantly different from the control at p < 0.001, 
0.01, and 0.05, respectively, while d  andf: significantly 
different from the positive control at p < 0.001 and 0.05, 
respectively.

Table 3 shows the effect of Mucuna pruriens formula-
tion treatment on WBC, lymphocytes, neutrophils, mono-
cytes, eosinophils, and basophils of animals made anemic 
using phenylhydrazine. The result shows that the values 
for different parameters measured were comparable before 
the induction of anemia using phenylhydrazine. WBC is 
between 11.92 ± 3.15  103/µL and 20.00 ± 3.67  103/µl, lym-
phocytes between 72.2 ± 2.22% and 79.70 ± 3.45%, neu-
trophils between 12.4 ± 0.88% and 16.6 ± 1.12%, mono-
cytes between 3.8 ± 0.34% and 8.0 ± 0.86%, eosinophils 

Table 1  Phytochemical analysis of Mucuna pruriens (MP)

Phytochemical of MP leaves Intensity

Alkaloids  + 
Proteins  +  +  + 
Antioxidant/phenol  +  + 
Carbohydrates  + 
Flavonoids  +  + 
Saponins  +  + 
Tannins  +  + 
Glycosides  +  + 
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between 2.0 ± 0.33% and 3.4 ± 0.45% and basophils between 
0.2 ± 0.03% and 1.0 ± 0.20%, respectively. Administration of 
phenylhydrazine only mildly and non-significantly increased 
WBC and significantly increased (p < 0.05) the levels of 
monocytes, eosinophils, and basophils. Monocytes, eosino-
phils, and bosophils increased significantly (p < 0.05) from 
9.2 ± 0.98%, 4.0 ± 0.67%, and 0.2 ± 0.03% in the negative 
control group 15.6 ± 1.34%, 9.1 ± 1.86%, and 4.0 ± 0.50%, 

respectively, in the positive control group. Treatment with 
Mucuna pruriens formulation reversed these immunological 
responses sometimes to the base value (Table 3).

Results are presented as mean ± standard deviation, 
n =  6a,b,c: significantly different from the control at 
p < 0.001, 0.01, and 0.05, respectively, while d,e and f: sig-
nificantly different from the positive control at p < 0.001, 
0.01, and 0.05, respectively.
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Fig. 1  Effect of Mucuna pruriens formulation treatment on feed 
intake of animals exposed to phenylhydrazine-induced anemia. A 
Effect of Mucuna pruriens–based formulation on feed intake of ani-
mals subjected to phenylhydrazine induced anemia (n = 6). B AUC of 

feed intake subjected to one-way ANOVA. *** significantly different 
from the control at p < 0.001, ### significantly different from the posi-
tive control group at p < 0.001, respectively
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Fig. 2  Effect of Mucuna pruriens formulation treatment on water 
intake of animals exposed to phenylhydrazine-induced anemia. A 
Effect of Mucuna pruriens formulation on water intake of animals 

subjected to phenylhydrazine-induced anemia (n = 6). (B) AUC of 
water intake subjected to one-way ANOVA
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Effect of Mucuna pruriens formulation on rate 
of recovery of PCV, Hb, and RBC (%)

Administration of phenylhydrazine to animals caused a 
decrease in PCV, Hb, and RBC. Treatment with Mucuna 
pruriens formulation caused the aforementioned parameters 

to recover relative to the baseline at different rates. The posi-
tive control recovered by 48% on day 7, 72% on day 14, and 
91% on day 21 which is significantly (p < 0.05) slower when 
compared to the treatment groups with recoveries that range 
from 144 to 224%. Also, the rate of recovery of Hb levels in 
the positive control group; 38%, 61%, and 79% for days 7, 

Table 2  The pack cell volume (PCV), hemoglobin (Hb), red blood 
cell (RBC), platelets, erythrocyte sedimentation rate (ESR), mean 
corpuscular volume (MCV), mean corpuscular hemoglobin concen-

tration (MCHC), and mean corpuscular hemoglobin (MCH) of ane-
mic rats treated with Mucuna pruriens formulation

Days Days Control PHZ only PHZ + GA PHZ + 50 mg MP PHZ + 100 mg MP PHZ + 200 mg MP

PCV (%) BI 41.67 ± 1.60 41.16 ± 3.33 43.50 ± 1.50 41.03 ± 4.03 38.00 ± 4.28 42.66 ± 1.69
0 42.55 ± 1.59 24.50 ± 1.89a 26.67 ± 3.14a 22.50 ± 4.23a 23.66 ± 4.26a 22.17 ± 4.26a

7 46.00 ± 3.46 36.16 ± 1.77c 51.50 ± 1.89b,f 56.50 ± 1.61c,f 57.83 ± 2.11c,f 59.33 ± 3.44c,f

14 47.33 ± 2.74 42.16 ± 2.26a 53.83 ± 2.91c,f 59.17 ± 1.67c,f 62.00 ± 2.16c,f 66.50 ± 1.98c,f

21 49.50 ± 2.98 46.83 ± 1.96 57.16 ± 3.28c,f 62.83 ± 3.23c,f 68.16 ± 2.79c,f 71.83 ± 3.53c,f

Hemoglobin (g/dl) BI 14.00 ± 0.66 14.36 ± 0.96 13.03 ± 1.40 13.98 ± 1.28 12.75 ± 1.15 14.20 ± 0.84
0 14.00 ± 0.26 8.70 ± 0.70a 8.93 ± 1.13a 7.67 ± 1.36a 7.86 ± 1.46a 7.28 ± 1.52a

7 15.48 ± 1.42 12.01 ± 0.37c 17.58 ± 1.26c,f 17.65 ± 1.36c,f 19.30 ± 0.77b,f 19.63 ± 0.99b,f

14 15.31 ± 1.10 14.01 ± 0.77 17.76 ± 1.20c,f 19.05 ± 1.16b,f 20.65 ± 0.72b,f 20.15 ± 0.67b,f

21 16.46 ± 1.01 15.60 ± 0.63 19.03 ± 1.11c,f 20.82 ± 1.28c,f 22.58 ± 1.15b,f 23.91 ± 1.19a,e

RBC (×  106/µl) BI 6.48 ± 1.34 6.90 ± 2.96 5.86 ± 1.53 5.42 ± 1.84 4.69 ± 0.72 6.05 ± 0.48
0 6.86 ± 1.53 3.03 ± 0.78b 3.89 ± 0.63 2.64 ± 1.11b 3.59 ± 1.80 2.70 ± 0.39b

7 6.06 ± 0.84 3.87 ± 1.09 6.20 ± 1.30 5.86 ± 0.24 6.95 ± 0.20 6.63 ± 0.73
14 6.66 ± 0.84 4.39 ± 0.89 6.85 ± 0.92 6.76 ± 1.08 7.27 ± 3.01 6.93 ± 0.52 d

21 6.48 ± 0.52 5.88 ± 0.65 6.73 ± 1.04 7.60 ± 2.28 9.59 ± 4.36c,f 10.01 ± 0.55c,f

Platelets (%) BI 234.83 ± 76.03 233.33 ± 57.55 243.00 ± 37.00 255.16 ± 16.23 257.60 ± 79.29 270.33 ± 18.11
0 234.33 ± 74.20 170.66 ± 87.68a 177.50 ± 57.00 166.33 ± 77.10a 200.00 ± 79.29a 184.33 ± 68.00a

7 315.66 ± 29.50 190.00 ± 77.93a 238.33 ± 37.00a,d 227.66 ± 34.30a,d 238.33 ± 97.68a,d 283.66 ± 48.87a,d

14 312.66 ± 48.99 188.83 ± 46.99a 255.50 ± 11.94a,d 262.00 ± 35.51a,d 295.83 ± 22.34d 290.11 ± 20.10d

21 311.66 ± 48.93 223.84 ± 46.98a 265.16 ± 11.78a,d 292.00 ± 35.51a,d 290.23 ± 28.34d 295.16 ± 20.01d

ESR (mm/h) BI 1.10 ± 0.37 0.66 ± 0.14 0.33 ± 0.15 0.50 ± 0.27 0.83 ± 0.49 0.93 ± 0.34
0 1.83 ± 0.37 1.66 ± 0.47 1.50 ± 0.76 1.66 ± 0.76 1.66 ± 0.68 1.66 ± 0.54
7 0.83 ± 0.29 0.83 ± 0.37 1.00 ± 0.50 0.76 ± 0.29 0.83 ± 0.32 1.00 ± 0.35
14 0.83 ± 0.39 0.83 ± 0.27 1.00 ± 0.30 0.66 ± 0.29 1.00 ± 0.44 1.00 ± 0.25
21 0.67 ± 0.25 1.00 ± 0.47b 0.83 ± 0.29 0.50 ± 0.21 0.50 ± 0.20 0.33 ± 0.10

MCV (fl) BI 64.31 ± 12.30 59.65 ± 6.75 74.23 ± 11.54 55.60 ± 8.65 81.02 ± 13.25 70.51 ± 10.22
0 60.74 ± 10.55 80.86 ± 15.86c 68.56 ± 9.82 85.23 ± 12.45c 65.90 ± 10.25 82.11 ± 10.68c

7 75.91 ± 10.23 93.44 ± 18.77 83.06 ± 12.55 96.40 ± 18.20 97.19 ± 18.86 89.49 ± 12.45
14 71.15 ± 15.32 96.04 ± 16.34a 78.58 ± 15.45 87.53 ± 16.55b 98.88 ± 17.45b 95.96 ± 15.55b

21 76.39 ± 12.55 79.64 ± 12.33 84.93 ± 14.45 82.67 ± 14.45 71.11 ± 12.82 71.75 ± 13.45
MCHC (g/dl) BI 33.60 ± 5.42 34.89 ± 2.98 30.00 ± 2.66 34.07 ± 3.86 33.55 ± 3.44 33.29 ± 3.21

0 32.90 ± 4.33 35.51 ± 3.67 33.48 ± 3.33 34.09 ± 4.11 33.22 ± 3.77 32.83 ± 3.86
7 33.60 ± 5.88 33.21 ± 3.56 34.14 ± 4.18 31.24 ± 3.98 33.37 ± 4.12 33.07 ± 4.06
14 32.35 ± 6.32 33.20 ± 4.24 33.00 ± 2.76 32.20 ± 3.56 33.31 ± 4.32 33.31 ± 3.22
21 33.25 ± 3.33 33.31 ± 3.86 33.29 ± 3.56 33.14 ± 3.88 33.13 ± 3.76 33.29 ± 2.12

MCH (pg) BI 21.60 ± 2.88 20.81 ± 3.08 22.24 ± 2.88 25.79 ± 3.77 27.19 ± 2.23 23.47 ± 2.66
0 20.41 ± 3.12 28.71 ± 3.12 22.96 ± 3.12 29.05 ± 3.94 21.89 ± 2.88 26.96 ± 3.22
7 25.54 ± 3.24 31.03 ± 3.44 28.35 ± 3.24 30.12 ± 4.24 27.77 ± 3.36 29.60 ± 3.45
14 22.99 ± 2.96 31.91 ± 3.67 25.93 ± 3.44 28.18 ± 2.67 28.40 ± 3.24 29.08 ± 3.65
21 25.4 ± 4.12 26.53 ± 3.86 28.28 ± 2.45 27.39 ± 2.89 23.55 ± 2.76 23.89 ± 2.86
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14, and 21, respectively, are significantly (p < 0.05) different 
from the groups that received Mucuna pruriens formulation 
which ranges from 130 to 228%. Similarly, recovery of RBC 
from baseline in the positive control group is 28% on day 
7, 45% on day 14, and 54% on day 21 which is significantly 
different from the rate of the treatment groups that range 
from 22 to 271% (Fig. 3).

Discussion

The infectious disease burden in Sub-Saharan Africa is 
calamitous with malaria contributing significantly towards 
this problem (Aikins et  al.  2010; Alegana et  al.  2020). 
Closely associated with malaria burden in Sub-Saharan 
Africa is the problem of hemolytic anemia secondary to 
erythrocyte membrane damage associated with both infected 

and uninfected cells (White 2018). This situation is worse  
in children age 1–5 years and pregnant women especially 
during rainy seasons (Accrombessi et al. 2015; Antony 2008; 
Crawley 2004; Kahigwa et al. 2002; Kenangalem et al. 2016; 
Moraleda et al. 2017; Mulenga et al. 2005). With an ane-
mia burden of 68% in children and over 50% among preg-
nant women, development of a therapy that can reverse 
this trend will be a welcome development (Magalhães and 
Clements 2011). Since the consequences of anemia are 
usually disastrous; poor immunity, poor cognitive develop-
ment, retarded growth, and sometimes death, prevention, 
and or effective management of this situation will improve 
life span, productivity, and intelligent quotient of tomorrow 
leaders in this region. Most Africans rely on herbal treat-
ment for healthcare needs because of the age-long belief 
that orthodox medicines are synthetic, unaffordable, and 
bedeviled with numerous side effects (Innih et al. 2020; 

Table 3  Effect of Mucuna pruriens–based formulation treatment on white blood cells (WBC), lymphocytes, neutrophils, monocytes, eosino-
phils, and basophils

Days Days Control PHZ only PHZ + GA PHZ + 50 mg MP PHZ + 100 mg MP PHZ + 200 mg MP

WBC  (103/µl) BI 20.00 ± 3.67 15.12 ± 4.31 18.58 ± 4.16 13.45 ± 4.21 12.77 ± 2.52 11.92 ± 3.15
0 20.33 ± 3.49 15.91 ± 6.40 22.23 ± 4.44 21.53 ± 7.16 19.27 ± 5.77 17.50 ± 9.64
7 16.35 ± 3.74 15.66 ± 1.57 14.20 ± 1.30 17.60 ± 2.24 19.08 ± 2.66 11.33 ± 3.10
14 16.35 ± 3.74 15.66 ± 1.57 14.20 ± 1.40 17.60 ± 2.23 19.08 ± 2.66 11.35 ± 3.10
21 18.68 ± 1.77 18.20 ± 1.94 15.91 ± 1.96 18.08 ± 1.61 15.63 ± 1.30 19.13 ± 2.31

Lymphocytes (%) BI 76.4 ± 2.54 79.7 ± 3.45 77.4 ± 2.76 72.2 ± 2.22 76.8 ± 2.87 74.7 ± 2.88
0 75.2 ± 3.12 80.3 ± 3.76 76.3 ± 2.34 75.4 ± 2.43 75.9 ± 2.12 72.2 ± 2.14
7 72.0 ± 2.88 78.2 ± 2.98 78.7 ± 2.54 76.8 ± 2.65 77.4 ± 2.34 71.5 ± 2.08
14 77.8 ± 2.76 77.5 ± 2.65 78.5 ± 2.76 78.4 ± 2.76 78.0 ± 2.67 76.3 ± 2.35
21 76.3 ± 2.94 79.0 ± 3.44 79.1 ± 2.92 77.8 ± 3.33 77.1 ± 2.45 75.4 ± 3.14

Neutrophils (%) BI 13.2 ± 0.84 16.6 ± 1.12 16.3 ± 1.08 12.4 ± 0.88 15.4 ± 0.92 16.4 ± 1.22
0 12.5 ± 0.72 16.3 ± 0.98 18.9 ± 1.34 14.6 ± 1.45 16.7 ± 1.87 19.1 ± 2.46
7 15.3 ± 0.88 13.4 ± 0.78 14.5 ± 1.14 17.1 ± 1.77 13.2 ± 1.14 17.8 ± 2.05
14 16.1 ± 0.64 18.9 ± 1.45 11.5 ± 0.65 15.4 ± 1.67 19.8 ± 2.17 16.4 ± 2.02
21 13.6 ± 1.05 18.3 ± 1.65 19.2 ± 1.18 17.9 ± 2.11 18.6 ± 2.07 14.8 ± 1.78

Monocytes (%) BI 5.5 ± 0.86 4.5 ± 0.77 3.8 ± 0.34 8.0 ± 0.86 4.8 ± 0.44 4.6 ± 0.35
0 9.2 ± 0.98 15.6 ± 1.34a 12.0 ± 1.32 10.6 ± 1.08 12.2 ± 0.68 10.2 ± 1.34
7 7.5 ± 0.69 14.9 ± 1.56a 10.2 ± 1.88c,f 7.2 ± 0.94d 5.8 ± 0.32d 8.0 ± 0.89d

14 5.8 ± 0.45 16.2 ± 1.87a 8.8 ± 1.56c,d 7.8 ± 0.67c,d 7.0 ± 0.89d 6.5 ± 0.76d

21 4.3 ± 0.38 15.4 ± 1.43a 7.2 ± 1.44b,d 4.5 ± 0.34d 4.7 ± 0.43d 5.4 ± 0.47d

Eosinophils (%) BI 3.4 ± 0.45 2.4 ± 0.18 2.2 ± 0.22 2.5 ± 0.28 3.2 ± 0.46 2.0 ± 0.33
0 4.0 ± 0.67 9.1 ± 1.86a 8.2 ± 1.23a 6.8 ± 0.72c 6.7 ± 0.82c 7.4 ± 0.86
7 2.8 ± 0.23 9.0 ± 1.94 6.8 ± 0.77 3.2 ± 0.64 4.8 ± 0.63 4.4 ± 0.55
14 3.0 ± 0.29 10.2 ± 1.98a 6.6 ± 0.65b,e 3.0 ± 0.85d 5.4 ± 0.78c,e 2.4 ± 0.27d

21 2.2 ± 0.32 9.8 ± 1.65a 4.4 ± 0.43c,d 3.0 ± 0.74d 2.6 ± 0.29d 2.2 ± 0.18d

Basophils (%) BI 1.0 ± 0.09 0.2 ± 0.04 0.2 ± 0.03 0.2 ± 0.02 1.0 ± 0.20 0.3 ± 0.09
0 0.2 ± 0.03 4.0 ± 0.50a 4.0 ± 0.50a 1.0 ± 0.08b 2.0 ± 0.30a 3.0 ± 0.20a

7 0.2 ± 0.02 3.0 ± 0.20a 3.0 ± 0.40a 1.0 ± 0.06c 2.0 ± 0.20b 1.0 ± 0.09c

14 0.2 ± 0.04 3.0 ± 0.40a 3.0 ± 0.20a 0.2 ± 0.01d 0.2 ± 0.05d 0.2 ± 0.07d

21 0.2 ± 0.02 4.0 ± 0.40a 2.0 ± 0.10a,f 0.2 ± 0.03d 0.3 ± 0.04d 0.2 ± 0.08d
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Suzanne et al. 2020). Alternative therapies had become a 
major source of healthcare delivery system in Sub-Saharan 
Africa with as many as 80% of the populace depending on 
it (Kumar and Saha 2013). This study validated the folk-
lore claims that Mucuna pruriens leaf extract could be used 
in the management of hemolytic anemia. Formulation of 

syrup, based on Mucuna pruriens as the active, will contrib-
ute towards evidence-based translational medicine research 
especially in Sub-Saharan Africa.

In this study, administration of phenylhydrazine to ani-
mals led to a decrease in feed intake and animal weight. 
This is believed to be associated with increased erythrocyte 
destruction which will ultimately lead to low oxygen sup-
ply and dysfunction of organs like the liver and spleen. It is 
known that the “liver–brain” link could control appetite and 
amount of fat stored in the adipose tissue since the brain 
can communicate directly to the liver to regulate glucose 
production via the hypothalamic glucose/fatty acid sensing 
(Fam et al. 2012). Also, phenylhydrazine is a known disrup-
tor of glucose-6-phosphate dehydrogenase, a key enzyme 
in pentose phosphate pathway that supplies energy to cells, 
and deficiency of it creates energy crisis. The groups that 
were treated with the formulation showed improved feed-
ing when compared to the untreated. Mucuna pruriens is 
known to have antioxidant properties which might have ame-
liorated the toxic effects of PHZ on erythrocyte membrane 
thereby reducing hemolysis and improve oxygen supply to 
the organs and restoring normalcy in feeding. Also, phe-
nylhydrazine administration caused a significant decrease 
(p < 0.05) in RBC, Hb, PCV, and platelets which agrees with 
the work of other researchers that had worked with other 
natural products on PHZ model (Ashour 2014; Shukla and 
Singh 2015). This is probably because of PHZ ability to 
cause lipid peroxidation and oxidative degradation of RBC 
proteins and membrane skeleton leading to RBC damage. 
Part of the effect will be an increase in free plasma Hb and 
a decrease in cell Hb (Table 2). This can mediate the activa-
tion of the innate immune system leading to other cascades 
of events like activation of inflammatory and thrombotic 
pathways (Rapido 2017). Also, a significant decrease in 
RBC will lead to substantial decrease in PCV since RBC 
make up the bulk of PVC. There is also a significant increase 
(P < 0.05) in MCV which agreed with the work of Agbor 
et al. (2005). When the change in animal weight (not shown) 
is put together with the results of RBC, Hb, PCV, MCH, 
and MCV, there is an impression of macrocytic anemia. It 
is known that PHZ has the ability to induce macrocytic ane-
mia which is common in vitamin  B12 and folate deficiencies 
(Chauhan et al. 2015). Treatment with Mucuna pruriens for-
mulation improved the rate of return of the values of PCV, 
RBC, and Hb to baseline when compared to the untreated 
(Fig. 3). Mucuna pruriens is known to be rich in vitamins 
(A-, C-, B-, complex), mineral (iron, copper, zinc), and other 
beneficial nutrients (Nweze et al. 2017). Iron and vitamin 
 B12 are the main therapies in the management of anemia 
because iron is the limiting step in the synthesis of Hb which 
is the oxygen carrier and  B12 serves as a co-factor in the 
synthesis of RBC. PHZ as a model of anemia is known to 
cause alteration of Iron metabolism in addition to the anemia 

Fig. 3  Effect of Mucuna pruriens treatment on rate of recoveries of 
PCV, Hb, and RBC in animals exposed to phenylhydrazine to induced 
anemia. ***: significantly different from the positive control group at 
p < 0.001
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(Pandey et al. 2014). Zinc is believed to improved Hb pro-
duction and RBC formation via increase in erythropoiesis in 
an animal study of zinc supplementation (Chen et al. 2018).

Administration of PHZ in this study only provoked a 
mild immunological response as there is no significant dif-
ference (p < 0.05) in the level of WBC observed. This part 
of the result disagrees with most other works in PHZ model 
that had observed significant immunological responses 
(Chourasiya et  al.  2019; Roque et  al.  2008; Zangeneh 
et al. 2019). There are a significant increase in the levels of 
monocytes, eosinophils, and basophils but not lymphocytes 
and neutrophils. This lack of significant change in WBC 
among different experimental groups can be attributed to 
the percentage contributions of different WBC differentials 
since lymphocytes and neutrophils account for over 80% 
of WBC. Changes in monocytes, eosinophils, and baso-
phils may not significantly affect the level of WBC. Also, 
it is known that different responses are possible following 
PHZ administration since dose and time are major vari-
ables in this model. Some researchers had used 60 mg/kg 
once in anemia induction while others used lower doses for 
longer duration to induce anemia. This and species differ-
ences could account for different immunological response 
observed (Roque et al. 2008).

Phytochemical analysis of Mucuna pruriens showed the 
presence of alkaloids, phenol, carbohydrates, flavonoids, 
saponins, tannins, and glycosides. Phenolics, flavonoids, 
and tannins which are known for their antioxidant proper-
ties (Muniyandi et al. 2019). Antioxidants could mop up the 
free radicals that damage the erythrocyte membrane thereby 
protecting the cell membrane from hemolysis and extend-
ing the life span of the erythrocyte. This may in part be the 
mechanism of Mucuna pruriens in combating hemolytic 
anemia.

Conclusion

This study support the folk use of Mucuna pruriens leaf in 
the treatment of anemia.
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