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Abstract 

Background: Plant medicine was dated back for decades and has immensely contributed to the health care sys-
tem in several countries. This present study evaluated in vitro antioxidant, anti-anaemic and biosafety properties of 
n-hexane leaf extract of Ipomoea batatas L. in an animal model. The antioxidant property of the extract was expressed 
by 1, 1-diphenyl-1-picrylhydrazyl (DPPH) with an appropriate method. The extract was orally administered at graded 
doses (125, 250 and 500 mg/kg body weight) to determine its effect on 40 mg/kg phenylhydrazine hydrochloride-
induced anaemia in rats at days 1, 7 and 14 using a standard protocol. Acute and subacute toxicological evaluations 
were based on initial behaviour, mortality and histological examination of the organs.

Results: The antioxidant study of the extract showed 60.14% in the presence of DPPH and ascorbic acid. The hae-
matological parameters (RBC, HGB, HCT, MCV, MCH and MCHC) significantly increased at p value < 0.05 in the treated 
groups compared with control groups. Specifically, there is a significant increase in the treatment groups, namely red 
blood cells (5.93, 6.78, 6.75), haematocrit (40.75, 44.05, 44.63) and haemoglobin (13.35, 14.70, 14.73), when compared 
with untreated control. Also, the results of the myeloid/erythroid ratio of the treated groups (20: 40, 21.7: 43.4 ratio) 
and (23. 3: 46.6 ratio) are compared with (15.0: 25.0 ratio) of 40 mg/kg phenylhydrazine and 25: 50 normal control of 
the bone marrow at day 14. No acute behavioural change or mortality was observed. Histological analysis exhibited 
normal physiological state of the visceral organs.

Conclusions: These findings support the folklore use of Ipomoea batatas L. leaf extract to reduce oxidative stress, 
treat anaemia and exhibit its safety at the highest doses of 500 mg/kg body weight.
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1  Background
Plants having medicinal properties are helpful in herbal 
practices and can be broadly used to heal several dis-
eases possibly due to their phytoconstituents [1]. Phy-
tochemicals in a plant are natural chemical components 
present in varying amounts in plant parts (leaves, veg-
etables and roots), with defence mechanisms to manage 
several diseases. Sweet potatoes, botanically called Ipo-
moea batatas L., are one of the earliest plants used by 

traditional healers to treat different illnesses. I. batatas 
is from the family ’Convolvulaceae’, a dicotyledon hav-
ing two embryonic seed leaves [2]. Ipomoea batatas L. 
has been indicated to possess a broad folklore relevance 
in anti-inflammatory, anti-fertility, anti-carcinogenesis, 
anti-mutagenicity and anti-diabetes properties, including 
promoting stable blood sugar levels; they are rich in poly-
phenols such as caffeoylquinic acid derivatives [3].

On the other hand, anaemia is known to be a global 
health crises affecting both developed and develop-
ing nations. The World Health Organization defines it 
as a state where several red blood cells or their oxygen-
carrying capacity (haemoglobin) is not being sufficient 
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to meet physiologic needs with respect to age and life-
style habits such as smoking, sex and pregnancy status 
[4]. Studies have reported annual cases as high as 19.7% 
of anaemia in children, with rural inhabitants taking the 
more significant proportion [5, 6]. Anaemia is classified 
into various types, and haemolytic anaemia is one of its 
kind [7, 8]. Currently, several studies have shown that I. 
batatas exhibit antioxidative or radical-scavenging phy-
tochemicals with health-enhancing activity in humans 
[3–5]. Also, evidence has shown that sweet potatoes pos-
sess a pivot antioxidant property because of their high 
quantity of flavonoids, phenols, β-carotene, anthocyanins 
and caffeoylquinic acid derivatives [6]. These constituents 
have been implicated in the correction of heart abnor-
malities [7]. It is believed that mucilage present in them 
might be responsible for their antioxidant effects against 
hydroxyl and peroxyl radicals [9] as much as alternate 
remedies have great potential in treating illness. Plants 
with toxic compound can result in organ damage and 
death. This study therefore evaluates the biosafety, anti-
anaemic and in vitro antioxidant property of Ipomoea 
batatas L. leave extract.

2  Methods
2.1  Collection of plant material
Sweet potatoes leaf (Ipomoea batatas L.) was collected 
from Bolorunduro village Akure, in Ondo State, Nige-
ria, identified and authenticated by Dr. O. Timothy of the 
Department of Plant Biology and Biotechnology, Univer-
sity of Benin, Edo State, Nigeria, with voucher number 
UBH-B473.

2.2  Preparation of plant material
The leaves were rinsed and air-dried for three days, after 
which oven-dried at 40  °C for few hours. The crunchy 
leaves were reduced to powder using an electrically pow-
ered engine. The powdered sample was stored in a mois-
ture-free, airtight container until further use.

2.3  Determination of total antioxidant activity
The antioxidative activity of the plant extract was studied 
as the free radical-scavenging effect on the 2, 2-diphenyl-
1-picrylhydrazyl radical and determined by UV spec-
trophotometry at 517  nm. Radical scavenging activity 
was measured by a slightly modified method previously 
described by Dini et  al.  [6], using 20–100  µg/ml of the 
crude extract and ascorbic acid prepared in methanol 
(analytical grade). After that, 1  ml of the plant extract 
was placed in a test tube, with 2 ml of 0.1 Mm DPPH in 
methanol. A control solution was prepared to contain 
the same amount of methanol and DPPH. The radical 
scavenging activity was calculated using the following 
formula.

where Ab is the absorption of the blank sample and Aa is 
the absorption of the plant extract.

2.4  Experimental animals
Fifty-four (54) male albino rats weighing between 180 
and 250  g were obtained from the animal house of the 
Pharmacology Department, University of Benin, Benin 
City. They were housed in conducive cages and allowed 
free access to rat chow and water and acclimatize for two 
weeks. The animals were handled according to standard 
protocols for the use of laboratory animals approved by 
the ethical committee of the Faculty of Life Sciences with 
ethical number LS17101.

2.5  Experimental design
Six (6) groups labelled A–F were designed for this study, 
each group having nine (9) rats housed in separate cages. 
Groups A, B, D, E and F were induced with 40  mg/kg 
phenylhydrazine hydrochloride for five (5) days orally, 
while group C was given distilled water alone. The ani-
mals were post-treated with oral administration of dis-
tilled water, 5 mg/kg ferrous (iii) hydroxide poly-maltose 
or groups A and B and 125, 250  mg/kg and 500  mg/kg 
n-hexane plant extract for groups D, E, and F, respec-
tively, for days 1, 7 and 14. The rats’ body mass indexes 
were taken and recorded every week.

2.5.1  Haematology assays
Three (3) millilitres of blood was collected from each 
group at days 1, 7 and 14 into 5-ml EDTA tubes by car-
diac puncture using syringes and needles. The haemato-
logical analysis was done almost immediately using an 
automatic haemato-analyzer (Sysmex, KX-21, Japan). The 
parameters measured included red blood cells (RBCs), 
haemoglobin (HGB), haematocrit (HCT), mean corpus-
cular volume (MCV), mean corpuscular haemoglobin 
(MCH) and mean corpuscular haemoglobin concentra-
tion (MCHC).

2.5.2  Peripheral blood film
The slides were cleaned with 70—90% alcohol and 
allowed to air dry. The middle or ring finger was selected 
to make a hole. The area was washed with 70% ethyl 
alcohol and punctured. A drop of blood was touched to 
the clean slide. Blood was spread on the glass slide by 
another slide. It was repeated with several slides. Slides 
were dried and fixed with methanol. Photomicrographs 
were taken at × 40 using a digital camera.

% inhibition = (Aa − Aa/Ab)× 100



Page 3 of 12Gabriel and Idu  Beni-Suef Univ J Basic Appl Sci           (2021) 10:75  

2.5.3  Bone marrow preparation
Bone marrow from the femur bones was isolated and 
fixed in 10% (vol/vol) formaldehyde, cleaned up in xylene 
and decalcified to be embedded in a paraffin wax (melt-
ing point at 56%) according to the method of Ogwumike 
[10] and stained with eosin/haematoxylin. Photomicro-
graphs were taken at × 40 using a digital  camera.

2.6  Acute toxicity study
Determination of acute toxicity was performed using 
a modified method by Lorke [11] and class method in 
adherence to the Organization for Economic Coopera-
tion and Development (OECD) Guideline for Testing 
Chemicals No. 423 OECD, [12]. This was performed in 
two phases. In phase 1, forty-five (45) mice were ran-
domly divided into nine (9) groups of five (5) each. 
Ipomoea batatas L. n-hexane leaves extract was admin-
istered in single dose of 10, 100 and 1000 mg/kg) orally. 
Observable toxicological signs were recorded. With 
the absence of toxicity, the second phase experimented. 
Based on the acquired results from phase 1, phase 2 is 
scheduled with three (3) mice per group administered a 
single dose (1600, 2,900 and 5,000  mg/kg) of I. batatas 
n-hexane leaves extract orally. The animals in both phases 
were kept under the same conditions and observed for 
general behaviour changes continuously for 30  min, 
every hour during the first 24 h and at least once daily for 
14 days after administration of the extract. Observations 
were focused on parameters such as piloerection, sensi-
tivity to sound and touch, locomotion, aggressiveness, 
the appearance of faeces, salivation, urinating, convuls-
ing, coma and death. The number of survivors was noted 
after 24 h. Animals’ weights were observed for days 0, 7 
and 14. The  LD50 was evaluated and classified according 

to the Globally Harmonized System (GHS) for the clas-
sification of chemicals [12, 13]. The  LD50 was calculated 
based on the final results in the square root of the prod-
uct of the lowest lethal dose and the highest non-lethal 
dose, i.e. the geometric mean of the consecutive doses, 
where 0 and 100% survival rates were recorded.

Every rat used in the acute toxicity study experimented 
daily for possible toxicity signs over two weeks.

The  LD50 is calculated using the formula:

D0 = Highest dose that gave no mortality, D100 = Lowest 
dose that produced mortality.

2.7  Histological study
The organs (liver, kidney, heart and spleen) were fixed in 
10% (vol/ vol) formaldehyde, cleaned up in xylene and 
embedded in a paraffin wax (melting point at 56 per-
cent). Tissue sections were prepared according to Drury 
and Wallinton [14] and stained with eosin/haematoxy-
lin. Photomicrographs were taken at × 400 using a digital 
camera.

2.8  Statistical analysis
Data were presented as mean ± SEM of the respective 
replicates. Means of different groups were compared 
using ANOVA using GraphPad prism version 6 com-
puter software packages. P values ≤ 0.05 (95% confidence 
interval) were considered significant.

3  Results
3.1  Antioxidant
The results of the total antioxidant activity of n-hexane 
extract of Ipomoea batatas L. are indicated in Fig. 1. The 
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Fig. 1 DPPH scavenging activities of crude n-hexane extracts of Ipomoea batatas L. leaves. Blue—day 1, Red—day 7, Orange—day 14. Blue—
ascorbic acid, Red—I. batatas 
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n-hexane extract was observed to possess the highest free 
radical scavenging potential with percentage inhibition 
of 39.21 ± 1.70% at 100  µg/ml when compared with the 
standard (ascorbic acid) 89.02 ± 2.21 at 100 µg/ml.

3.2  Anti‑anaemic study
Figure  2 shows a significant decrease in red blood cell 
count across groups A, B, D, E and F on day 1 of the 

experiment with a subsequent increase on day 7 and a 
significant increase on day 14 of the investigation after 
treatment with n-hexane leaves extract of I. batatas. 
Figure 3 also shows a significant decrease in packed cell 
volume across groups A, B, D, E and F on day 1 of the 
experiment with subsequent increase on days 7 and 14 
after treatment with n-hexane leaves extract of I. bata-
tas. Our results also showed a significant decrease in 
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Fig. 2 Effect of n-hexane leaves extract of Ipomoea batatas on red blood cell count in rats. Blue—day 1, Red—day 7, Orange—day 14
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haemoglobin across groups A, B, D, E and F on day 1 of 
the experiment with subsequent increase on day 14 of the 
experiment after treatment with n-hexane leaves extract 
I. batatas in Fig. 4.

Similarly, Fig. 5 presents the effect of I. batatas n-hex-
ane leaves extract on mean corpuscular volume (MCV) fl 

in phenylhydrazine-induced anaemia. The results showed 
a significant decrease in mean corpuscular volume across 
groups A, B, D, E and F on day 1 of the experiment with 
a subsequent increase on day 7 with a significant increase 
on day 14 of the investigation after treatment with n-hex-
ane leaves extract of I. batatas. Likewise, Fig. 6 observes 
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a substantial decrease in mean corpuscular haemoglobin 
concentration (MCHC) across groups A, B, D, E and F 
on day 1 of the experiment with a subsequent increase 
on days 7 and 14 of the investigation after treatment with 
n-hexane leaves extract of I. batatas.

Additionally, the effect of I. batatas n-hexane leaves 
extract on mean corpuscular haemoglobin (MCH) pg in 
phenylhydrazine-induced anaemia is presented in Fig. 7. 

The results revealed that a similar trend for other param-
eters was observed with a significant decrease in mean 
corpuscular haemoglobin concentration across groups A, 
B, D, E and F on day 1 of the experiment with a subse-
quent increase on day 14 of the investigation after treat-
ment with n-hexane leaves extract of I. batatas.

The result of the study showed that the administra-
tion of the graded dose of n-hexane extracts induced 
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normochromic and normocytic cells on the damaged red 
blood cells on day 14. This revealed a strong effect of the 
extract on red blood cells compared with the group that 
received 40  mg/kg phenylhydrazine hydrochloride and 
5 mg/kg of ferrous (iii) hydroxide (Fig. 8).

3.3  Bone marrow
The graded doses of n-hexane extract of I. batatas-
induced myeloid-erythroid cells with a mild increase of 
20:40 (M: E ratio) for 125  mg/kg, 21.7:43.4 (M: E ratio) 
for 250  mg/kg and 23.3:46.6 (M: E ratio) for 500  mg/kg 
at day 14, when compared with distilled water alone, up 
to 25: 50 (M: E ratio) which is normal, and less than 14.9: 
25.1 (M: E ratio) for 40  mg/kg phenylhydrazine group 
showing a severe anaemic condition in rats and 5  mg/
kg of ferrous (iii) hydroxide-induced myeloid–erythroid 
ratio, all at day 14 (Fig. 9).

3.4  Acute and subacute study
The results from the experimental acute toxicity studies 
revealed that n-hexane leaf extracts were safe up to the 
highest dose of 5000  mg/kg. No lethal signs and symp-
toms or behavioural changes were observed. Also, no 
mortality was recorded during the period of the study.

The histological examination of the study showed that 
administration of graded doses of n-hexane leaf extract 
of I. batatas-induced moderate vascular dilation of the 
heart compared to graded doses of administered control 
(distilled water). The study also showed that administra-
tion of graded doses of n-hexane extract of I. batatas-
induced mild vascular congestion and moderate Kupffer 
cell activation to the liver while control (distilled water) 
(Fig. 10).

The effect from n-hexane leaf extract of I. batatas on 
the spleen (Fig. 11) showed that administration of graded 
doses of n-Hexane extract of I. batatas induced normal 
follicular architecture on the spleen when compared with 
the Control (distilled water). The effect of n-hexane leaf 
extract of I. batatas on the spleen, as shown in Fig.  12, 
displayed graded doses of the treatment groups’ induced 
normal follicular architecture of the spleen compared to 
the Control (distilled water). Poly-maltose induced severe 
sinus dilation and mild follicular atrophy on the spleen.

Figure 13 depicts the effect of n-hexane leaf extract of I. 
batatas on the kidneys. It showed that the treated groups 
induced mild interstitial congestion in the kidney com-
pared with the control (distilled water).

4  Discussion
The result also showed that Ipomoea batatas L. n-hex-
ane leaf extracts displayed scavenging activities at 
39.21 ± 1.70% at 100  µg/ml when compared with the 
standard (ascorbic acid) 89.02 ± 2.21. The scavenging 
property of the extract was more pronounced at the high-
est concentration, as shown in Fig.  1. The plant extract 
inhibits oxidation of DPPH, which indicates that it can 
donate protons and scavenge other stable radicals, given 
that phenylhydrazine-induced haemolysis could be a 
result of oxidative stress [15–17].

The study evaluated the anti-anaemic activity of n-hex-
ane leaf extract of I. batatas on 40  mg/kg phenylhydra-
zine hydrochloride-induced haemolytic anaemia albino 
rats. The result of this study showed that haemolytic 
anaemia was caused using phenylhydrazine hydrochlo-
ride [18] intraperitoneally in albino rats, and I. batatas 
extract was orally administered to examine its result 

Fig. 8 Effect of n-hexane leaf extract of Ipomoea batatas L. on normochromic and normocytic cells. Phenylhydrazine alone A indicates macrocytes. 
B, hypochromic macrocytes and C platelet; (2) 5 mg/kg of ferrous (iii) hydroxide A indicates normochromic and normocytic cell, B multi-segmented 
neutrophil; (3)125 mg/kg n-hexane and phenylhydrazine, A, teardrop cell, B, normal red cell; (4) 250 mg/kg n-hexane and phenylhydrazine, 
A, platelet, B, partially hypochromic macrocytic red cell, C, poikilocytes and normocytic cells (5) 500 mg/kg n-hexane plant extract and 
phenylhydrazine, A, normochromic and normocytic cells. They were using haematoxylin–eosin dye with X 40 magnification
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Fig. 9 Effect of n-hexane leaf extract of Ipomoea batatas L. on myeloid–erythroid cells in albino rats. (1) showed the control rat bone marrow 
composed of A—megakaryocyte, B—bone, C—myelo-erythroid cells, and D—fat vacuoles, (2) phenylhydrazine alone showed moderately 
decreased A—marrow, B—fat ratio and C—bone trabecula, (3) at 5 mg/kg of ferrous (iii) hydroxide, the results showed normal A—marrow, B—fat 
ratio, (4) at 125 mg/kg n-hexane leaf extract, our results showed moderately increased A—marrow, and B—fat ratio (5) at 250 mg/kg n-hexane 
leaf extract, the result found a moderately increased A—marrow and B—fat ratio (6) at 500 mg/kg n-hexane leaf extract, the result observed a 
moderately increased A—marrow and B—fat ratio, using haematoxylin–eosin dye with X 40 magnification

Fig. 10 Effect of n-hexane leaf extract of Ipomoea batatas L. on the heart. Pic (1) represents control rat heart composed of: A—bundles of 
myocardial fibres, B—coronary vessel and C—interstitial space, (2) phenylhydrazine alone showed; A—dilated coronary vessel with B—mild 
vascular congestion, (3) at 5 mg/kg of ferrous (iii) hydroxide showed; A—dilated coronary vessel,  B—mild vascular congestion and C—heavy 
infiltrates of inflammatory cells, (4) at 125 mg/kg n-hexane extract showed A—moderate vascular congestion (5) at 250 mg/kg n-hexane extract 
showed A—normal my cardiac fibres and B—normal coronary vessel (6) at 500 mg/kg n-hexane extract showed A—moderate vascular dilation 
and B—mild congestion. They were using haematoxylin–eosin dye with X 40 magnification
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when compared with ferrous (iii) hydroxide (reference 
drug). The effect of the treated groups was observed by 
evaluating the haematological index, namely Hgb, HCT, 

RBC, MCHC, MCV and MCH, as shown in Figs. 2, 3, 4, 5, 
6, 7. The result showed that exposure to phenylhydrazine 
hydrochloride reduced haemoglobin levels in untreated 

Fig. 11 Effect of n-hexane leaf extract of Ipomoea batatas L. on the spleen. (1) The control Rat spleen represented with A as white pulp, B as red 
pulp and C as arteriole, (2) phenylhydrazine alone showed A—severe sinus dilation and B—moderate follicular atrophy, (3) at 5 mg/kg of ferrous 
(iii) hydroxide poly-maltose showed A—mild follicular atrophy, (4) at 125 mg/kg n-hexane showed A—normal follicular architecture (5) 250 mg/
kg n-hexane showed A—normal follicular architecture and (6) 500 mg/kg n-hexane showed A—normal follicular architecture. They were using 
haematoxylin–eosin dye with X 40 magnification

Fig. 12 Effect of n-hexane leaf extract of Ipomoea batatas L. on the liver. (1) The control Rat liver composed of A—central vein, B—hepatocytes and 
C—sinusoids, (2) Rat liver treated with phenylhydrazine alone showed A—patchy vascular intimal ulceration, (3) rat liver treated with 5 mg/kg of 
ferrous (iii) hydroxide poly-maltose showed A—moderate vascular congestion, (4) at 125 mg/kg n-hexane extract showed mild vascular congestion 
(5) at 250 mg/kg n-hexane showed A—mild vascular congestion and (6) at 500 mg/kg n-hexane extract showed A-normal liver architecture 
(H&E × 100) of hepatocytes. They were using haematoxylin–eosin dye with X 40 magnification
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rats (Figs. 4 and 6). Anaemia was treated on days 1, 7 and 
14 using ferrous (iii) hydroxide and I. batatas n-hexane 
extract. A similar effect was achieved by Ogwumike [19] 
anti-anaemia effects of Sorghum bicolor. Also, 125, 250, 
and 500  mg/kg of the extract stimulated haemoglobin 
production and ferrous (iii) hydroxide at day 14. Results 
from Figs.  2, 3, 4, 5, 6, 7 elicited the effect of n-hexane 
extract, triggered regeneration of red blood cell, haema-
tocrit, haemoglobin, mean corpuscular volume and mean 
corpuscular haemoglobin, which is one of the significant 
markers that depicted anaemia. Specifically, at 250 and 
500 mg/kg of the extracts it showed a better haematinic 
activity when compared with the anaemia group. This 
suggested the possible mechanism of action through 
which the extracts elicit its action, mimicking one of the 
actions displayed by iron ingestion. This agreed that hae-
moglobin is found in red blood cells; thereby, the effect 
from the extract improved their regenerations.

Additionally, it was also observed that there was a 
significant reduction in red blood cell count in the 
untreated group (haemolysis). This reduction recom-
pensed the standard value in the treated groups by fer-
rous (iii) hydroxide and I. batatas extract. A similar result 
was acquired with the leave extract of Tectona grandis in 
Togo [20], Justicia secunda Vahl in Benin [21] and I. bata-
tas [22]. The non-anaemic group showed a slight increase 
in the mean number of red blood cells as observed.

Furthermore, the mean corpuscular haemoglobin 
concentration (MCHC) and mean corpuscular volume 

(MCV) were constants for typing anaemia. MCV reduc-
tion showed a significant difference in the untreated 
group after the administration of phenylhydrazine, sig-
nifying microcytosis. This reduction was counteracted 
at day 14 across the treated groups and day 14 in the 
untreated anaemic group.

Besides, the compensation was faster with ferrous (iii) 
hydroxide and I. batatas extract, implying to possible 
similar mechanisms implicated in erythropoiesis. This 
result varied with Ogwumike [19] studies in Nigeria who 
reported a reduction in the MCV when treated with an 
aqueous extract of Sorghum bicolor leaves. Augmenta-
tion of MCV divulges the release of enlarging premature 
erythrocytes (macrocytes) [23]. However, an increase in 
MCHC repeals the comparability of MCV across experi-
mental groups. Reduced MCHC was also reported by 
Ogwumike [19] in his experimental model. This decrease 
in MCHC reproduced red cells discharge and less hae-
moglobin inundated (hypochromic). It perhaps could be 
triggered by the release from macrocytes. This, there-
fore, indicated that I. batatas extract just as ferrous (iii) 
hydroxide improves the quantity of juvenile cells in blood 
swiftly due to subsequent triggers from haematopoiesis 
and their immature release into bloodstream preceding 
to the end of their differentiation [Figs.  2, 3, 4, 5, 6, 7]. 
Another study discovered improved osmotic red blood 
cells resistance with Justicia secunda Vahl extracts in 
Benin [21] and Tectona grandis in Togo [20]. The extract 
displayed no consequence on the thrombocyte lineage 

Fig. 13 Effect of n-hexane leaf extract of Ipomoea batatas L. on kidney. (1) Control rat kidney composed of A—glomerulus, B—tubules and 
C—interstitial space, (2) phenylhydrazine administered alone showed A—focal vascular intimal erosion, (3) at 5 mg/kg of ferrous (iii) hydroxide 
poly-maltose showed A—mild interstitial congestion, (4) 125 mg/kg n-hexane extract showed A, mild interstitial congestion (5) 250 mg/kg 
n-hexane extract showed A, mild interstitial congestion and (6) 500 mg/kg n-hexane extract showed A, normal renal architecture in the kidney. 
Using haematoxylin–eosin dye with X 40 magnification
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via an exhibition of its effects not widen across all haema-
topoietic heredity.

The results of the study also showed that bone mar-
row of the treated groups has stimulating effects on the 
myeloid/erythroid ratio (20: 40, 21.7: 43.4 and 23. 3:46.6) 
when compared with the untreated group at 15.0: 25.0 
and 25: 50 (M: E ratio), while normal control bone mar-
row, which could be liable for red blood cells stimulation 
in bone marrow, was considerable [Fig. 8]. Improvement 
in myeloid–erythroid cells ratio was observed in more in 
500 mg/kg n-hexane extract. These findings agreed with 
the earlier study by Nostro et al., [1]; Noda et al.[7]; Bra-
tosin et al.[8] on the significant alteration and increase in 
red blood cells morphology and myeloid–erythroid cells 
of the bone marrow. The finding enhances the property 
of the plant extract in the synthesis of normal red blood 
cells [23], and the mechanism of action could be trig-
gered by the function of erythropoietin cells in the kid-
ney to promote bone marrow myeloid–erythroid cells 
production of red blood cells [23].

No significant increase in the acute toxicological 
adverse effect, which could perhaps be endorsed for the 
acute toxicity of n-hexane extract of Ipomoea batatas L., 
was observed [Tables 1 and 2]. Moreover, negative behav-
ioural changes were the significant observations showed 
in clinical physical signs [24]. Our study did not observe 
any notable changes. It is remarkable to note that in the 
duration of the study, there was no mortality recorded. 
Therefore, it is suggested that a higher lethal dose  (LD50) 
of n-hexane extract that was greater than 500 mg/kg can 

be administered since no death was observed from the 
doses administered, as shown in Table 1. These findings 
are absent with earlier studies [19] that reported no death 
at higher doses. More so, the administration of I. batatas 
leaf extracts showed no significant alteration in the body 
weights of the affected rats (Table 2), thereby suggesting 
no adverse effect on the metabolic actions of treated rats 
with the plant extract.

Similarly, no significant difference in tissue histol-
ogy of rats in treated and control groups (P > 0.05) was 
observed. Implications from these results show that 
n-hexane extracts of sweet potatoes showed no toxic-
ity as observed from the safety doses (125 mg – 500 mg/
kg body weight). Sweet potato leaf extract in this study 
[25] may be attributed to fewer leaf options as medicinal 
benefits of I. batatas. Conversely, further and advanced 
studies will be desirable to suitably review the toxicity of 
I. batatas products with chronic toxicity studies.

5  Conclusions
In conclusion, the study showed that leaf extracts of 
Ipomoea batatas L. possess antioxidative, anti-anaemic 
properties and is safe even at higher doses at 500  mg/
kg. Our study also provides the fundamental preclinical 
order of sequence in drug development related to anti-
anaemic and antioxidative herbal therapy in Nigeria.

Abbreviations
DPPH: Diphenyl-1-picrylhydrazyl; EDTA: Ethylenediaminetetraacetic acid; LD: 
Lethal dose; RBC: Red blood cells; HGB: Haemoglobin; HCT: Haematocrit; MCV: 

Table 1 Acute toxicological effect of Ipomoea batatas L. on Swiss mice

Groups Doses (mg/kg) No. of lethality % mortality Behavioural changes

Control DW 0/5 0 No adverse effect

I. batatas 10 0/5 0 No adverse effect

I.batatas 100 0/5 0 No adverse effect

I.batatas 1000 0/5 0 No adverse effect

I.batatas 1600 0/5 0 No adverse effect

I. batatas 2900 0/5 0 No adverse effect

I. batatas 5000 0/5 0 No adverse effect

Table 2 Effect of Ipomoea batatas L. on the body mass index across the various groups

Values are mean ± SEM; n = 5

Days/groups Control 125 mg/kg I. batatas 
MEAN ± SEM

250 mg/kg I. batatas 
MEAN ± SEM

500 mg/
kg I. batatas 
MEAN ± SEM

Days 7 183.75 ± 3.15 225 ± 42.48 181.25 ± 14.77 161.25 ± 8.26

Days 14 189.5 ± 4.33 250 ± 39.53 192.75 ± 11.61 177.5 ± 2.5

Days 28 192.75 ± 48.02 257.25 ± 54.1 204.75 ± 44.18 199.0 ± 48.43
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Mean corpuscular volume; MCH: Mean corpuscular haemoglobin; MCHC: 
Mean corpuscular haemoglobin concentration.
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