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Abstract 

Background:  Plants have been used as medicine since ancient time and contributed immensely to health care deliv-
ery system globally. The aim of this study was to evaluate the phytoconstituents, antioxidant and hematinic property 
of Mojeaga herbal remedy (Alchornea cordifolia, Sorghum bicolor and Pennisetum glaucum) in animal model. Standard 
protocols were used to analyze the qualitative and quantitative phytochemical, gas chromatography mass spectrum 
(GC–MS), and in vitro antioxidant studies (1, 1-diphenyl-2-picrylhydrazyl) (DPPH), ferric reducing antioxidant power 
(FRAP) and total antioxidant capacity were also used to assess these plants. Ninety Wistar rats of both sexes were 
selected for this study. They were administered with 40 mg/kg phenylhydrazine hydrochloride to induce anemia for 
5 days afterward treated with oral dose of 0.5, 1.0 and 2.0 ml/kg Mojeaga herbal remedy for 10 days. Hematological, 
CD4 and CD8, and histology of the blood and bone marrow were analyzed.

Results:  The phytochemical screening showed the presence of flavonoids, alkaloids, tannins, saponins, cardiac 
glycosides, terpenoids and phenol. Flavonoids and phenol were more in abundant (917 and 1445 mg/kg). The GC–
MS analysis shows the presence of disulfide, dimethyl, 2-Methoxy-4-vinylphenol, 1-Dodecanol, 10-Phenyldecanoic 
acid, 8-Phenyloctanoic acid, n-Hexadecanoic acid and 15-Hydroxypentadecanoic acid. The antioxidant scavenging 
property showed the potential capacity of the herbal remedy to scavenge free radicals against oxidative stress at 24%, 
53.8% 1609.9 µM Fe II/ g extract when compared with ascorbic acid. The hematological indexes showed a significant 
increase in red blood cells, hemoglobin, hematocrit mean corpuscular hemoglobin, mean corpuscular hemoglobin 
concentrations, mean corpuscular volume, CD4 and CD8 count at day 10 of the male and female rats with the values 
of RBC (6.72, 7.34, 7.10 × 106/ul) (6.78, 6.75, 6.79 × 106/ul), hematocrit (47.8, 51.5, 49.75%) (48.05, 44.80, 44.60%) and 
hemoglobin (16.5, 18.05, 17.1 g/dl) (16.6, 15.6, 15.75 g/dl) when compared with the control (p < 0.05). The histo-archi-
tectural structure of the bone marrow showed a stimulating effect of myeloid/erythroid cell ratio > 60 in the treat-
ment groups when compared with 40 mg/kg phenylhydrazine alone.

Conclusions:  In conclusion, mojeaga herbal remedy elicited hematinic property that validated the folklore report; 
hence, further evaluation will be required.
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1 � Background
Using plants as sources of medicine serves as the old-
est health care provider known to man. Herbs have 
been used by all cultures throughout history and have 
remained an integral part of the development of mod-
ern civilization [1]. The World Health Organization esti-
mated up to 80% of the world population in developing 

Open Access

Beni-Suef University Journal of
Basic and Applied Sciences

*Correspondence:  alexthemain076@gmail.com
1 Phytomedicine Unit, Department of Plant Biology and Biotechnology, 
University of Benin, PMB 1154, Benin City, Edo State, Nigeria
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43088-022-00207-1&domain=pdf


Page 2 of 17Idu et al. Beni-Suef Univ J Basic Appl Sci           (2022) 11:27 

countries depends on locally available plant resources 
for their primary health care, since Western pharma-
ceuticals are often expensive, inaccessible or unsuitable 
[2]. Plant phytochemicals have shown a pivotal pipe-
line in pharmaceutical discovery [2]. It stimulated sci-
entific interest in biological activities because of their 
phytoconstituents [3–5]. They are used for several cura-
tive purposes because of their therapeutic importance 
[2]. According to the WHO, herbal medicines are fin-
ished, labeled medicinal products that contain active 
ingredients.

Alchornea cordifolia is a perennial evergreen shrub that 
belongs to the family Euphorbiaceae [6, 7]. It is known 
as Dove wood in English, “epa” in Yoruba, “bambami” 
in Hausa, “ubebe” in Igbo and “uwonmwe” in Edo [8]. 
Studies have validated its ethnopharmacological uses 
with characterized pharmacologically active molecules 
[9]. Infusion of the leaves is used in the treatment of res-
piratory problems such as sore throat, cough, bronchitis 
and intestinal problems such as gastric ulcers, diarrhea, 
amoebic dysentery and worms. Poultice of the leaves is 
also used to treat wounds. Application of the leaves and 
root bark of Alchornea cordifolia is used in treatment of 
leprosy and as antidote for snake bite [10]. Alchornea cor-
difolia root and bark are used to increase sexual perfor-
mances among the people of Congo in Africa sub-region 
[11]. In Nigeria, it is used to treat gonorrhoea, yaws, 
rheumatic pain and cough [12].

Sorghum bicolor leaves are typically green, glasslike 
and flat and not as broad as maize leaves. It belongs to 
the grass family Poaceae [13]. Sorghum bicolor is locally 
known as ‘oka pupa’ in the Southern part of Nigeria. S. 
bicolor grain is higher in protein and lower in fat content 
than corn and this is partly responsible for its hemopoi-
etic ability [14]. It has been reported that sorghum can 
be used as anti-abortive, cyanogenetic, demulcent, diu-
retic, emollient, in-toxicant and poison. Sorghum is a folk 
remedy for cancer, epilepsy, flux, stomach ache, diarrhea, 
tubercular swellings treatment carcinogenic [15–18]. 
Recent focus has been on the leaf sheath of S. bicolor 
used as herbal remedy for anemia and boosting effect on 
blood concentration hematinic potentials, which serves 
as blood tonics[19, 20].

Pennisetum glaucum is commonly called Pearl millet, 
which belongs to a section of the Paniceae family known 
as Poaceae [21, 22]. It helps to increase Hb high iron con-
tent (8 mg/100 g) and high zinc content (3.1 mg/100 g). 
It is effective in the management of Constipation by 
dealing with constipation with High fiber (1.2  g/100  g). 
It combated cancer, promoting anti-cancer property via 
inhibition of tumor development [23]. Also, it helps in 
regulating diabetes by helping in the dealing with dia-
betes with Low glycemic index. It is as well useful for 

antiallergic Gluten-free, diarrhea via probiotic treatment 
of Lactic acid bacteria. It promotes nutriceutical content 
of Flavonoids, phenolics Omega-3 fatty acids. Pearl millet 
has a large amount of phosphorus [23].

Anemia is a medical condition characterized by low-
ered hemoglobin level. There are over 400 types of ane-
mia, with hemolytic anemia being the most frequent 
[24]. More than half of the world’s population experi-
ence some forms of anemia in their life time [25]. The 
incidence of anemia is higher in the third world than in 
developed countries [26]. A study in a rural population 
of Nigeria reported that 19.7% of the children were ane-
mic [27]. Such prevalence has been attributed to various 
aggravating factors such as poor nutrition, high preva-
lence of blood parasites, for example, Plasmodium, Tryp-
anosome and helminthes infections [26]. Prolonged use 
of non-steroidal anti-inflammatory drugs and exposure 
to toxic chemicals such as phenylhydrazine has also been 
implicated to cause the condition [28]. Because of the 
high prevalence and possibility of even further increase 
[25], there is the need to prevent it or seek for more cost 
effective and better treatment strategies. Therefore, this 
study investigated the phytochemicals contents, antioxi-
dant property and hematinic potential of Mojeaga herbal 
remedy (Alchornea cordifolia, Sorghum bicolor, Pennise-
tum glaucum) leave preparation.

2 � Methods
2.1 � Collection of plant material
Alchornea cordifolia, Sorghum bicolor, Pennisetum glau-
cum were collected from Ikpoba Okha Local Govern-
ment Area of, Benin City, Edo State, Nigeria. They were 
identified and authenticated by Dr. O. Timothy of the 
Department of Plant Biology and Biotechnology, Univer-
sity of Benin, Edo State, Nigeria with voucher numbers 
UBH-A192; UBH-A199; UBH-A247.

2.2 � Preparation of plant material
The leaves of the three plants were washed, air-dried sep-
arately for 21 days. The dried leaves were pulverized into 
powder using the British milling machine. The weights of 
the various plants powdered leaves were separately taken, 
and ratio 1:1:1 was used for the plant mixture, summing 
up to (120,000 g). 20 L of distilled water was used in the 
maceration of the extract for 72 h in a shaker. The filtrate 
was concentrated via vacuum pump, and the extract was 
stored in a sterile container and kept for further use.

2.3 � Qualitative and quantitative phytochemical analysis
Qualitative and quantitative phytochemical screening of 
the aqueous leaves preparation of Mojeaga herbal rem-
edy was carried out using standard methods [29, 30]. 
The extract was screened for the presence of alkaloids, 
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Table 1  Qualitative phytochemicals screening of Mojeaga 
herbal remedy

KEY: +  = Detected, −  = Not detected

Phytochemicals Mojeaga 
herbal 
remedy

Flavonoids  + 

Cardiac glycosides  + 

Saponins  + 

Steroids -

Terpenoids  + 

Phenols  + 

Alkaloids  + 

Tannins  + 

Table 2  Quantitative phytochemicals screening of Mojeaga 
herbal remedy

Phytochemicals Mojeaga herbal 
remedy mg/100 g

Alkaloids 6.00 ± 0.00

Saponins 7.00 ± 1.00

Tannins 267.00 ± 0.01

Flavonoids 917.00 ± 0.93

Phenol 1445.00 ± 1.17

Table 3  Phytoconstituents identified in Mojeaga herbal remedy on GC–MS study

RT Retention time; M/F molecular formular; MW molecular weight; PA peak area

S. No RT (Min) Phyto-constituents M/F M/W %PA

1 6.445 Disulfide, dimethyl C2H6S2 94 0.04

2 11.796 2-Methoxy-4-vinylphenol C9H10O2 150 0.28

3 13.592 1-Dodecanol C12H26O 186 0.85

4 14.733 10-Phenyldecanoic acid C16H24O2 248 0.12

5 15.811 1-Hexadecanol C16H34O 242 0.75

6 16.225 Methoxyacetic acid, pentadecyl ester C18H36O3 300 0.27

7 16.842 9-Octadecenoic acid (Z)-, phenylmethyl ester C25H40O2 372 0.16

8 16.926 Ethyl 14-methyl-hexadecanoate C19H38O2 298 0.10

9 17.418 Cyclopentadecanone C15H28O 224 0.19

10 17.833 8-Phenyloctanoic acid C14H20O2 220 0.47

11 18.178 Hexadecanoic acid, methyl ester C17H34O2 270 0.92

12 18.598 n-Hexadecanoic acid C16H32O2 256 6.72

13 18.797 Hexadecanoic acid, ethyl ester C18H36O2 284 7.28

14 19.815 9,12-Octadecadienoic acid, methyl ester C19H34O2 294 2.16

15 19.875 9-Octadecenoic acid (Z)-, methyl ester C19H36O2 296 2.31

16 19.996 Phytol C20H40O 296 1.07

17 20.132 Cyclopentanetridecanoic acid, methyl ester) C19H36O2 296 0.51

18 20.442 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280 15.17

19 20.556 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280 16.54

20 20.621 (E)-9-Octadecenoic acid ethyl ester C20H38O2 310 12.92

21 20.682 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280 4.19

22 20.772 6,9,12-Octadecatrien-1-ol C18H32O 264 3.56

23 20.900 Octadecanoic acid, ethyl ester C20H40O2 312 6.70

24 21.224 Phenacyl 11-octadecenoate C26H40O3 400 2.11

25 22.243 15-Hydroxypentadecanoic acid C15H30O3 258 1.88

26 22.884 8,11,14-Eicosatrienoic acid, (Z,Z,Z)- C20H34O2 306 0.51

27 23.051 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280 0.52

28 24.202 8,11,14-Eicosatrienoic acid, (Z,Z,Z)- C20H34O2 306 2.61

29 24.247 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280 3.10

30 24.486 15-Hydroxypentadecanoic acid C15H30O3 258 1.32

31 24.662 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) C19H38O4 330 1.09

32 26.292 9-Octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxymethyl) C21H40O4 356 3.57
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Table 4  Biological important peaks of GCMS found in Mojeaga herbal remedy

Peak no Name Structure Biological activities

12 n-Hexadecanoic acid Haemolytic anemia, antioxidant

13 Hexadecanoic acid, ethyl ester Antioxidant, anemia, hypocholesterol

18–19 9,12-Octadecadienoic acid (Z,Z)- Anti-inflammatory, antiarthritic, 
hepatoprotective, anticoronary, anti-
histamic

20 E)-9-Octadecenoic acid ethyl ester Steroids, fertility

23 Octadecanoic acid, ethyl ester Antifungi, antitumor, antibacteria/

Fig. 1  GCMS of Mojeaga herbal remedy showed vital peaks
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Fig. 2  Effect of Mojeaga herbal remedy on DPPH antioxidant 
potential. Red: ascorbic acid, Purple: Mojeaga herbal remedy, Y-axis: 
Percentage inhibition (%), X-axis: Conc. (µg/l)
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Fig. 3  Effect of Mojeaga herbal remedy on Total antioxidant capacity. 
Light brown: control, Blue: Mojeaga herbal remedy, Y-axis: percentage 
inhibition (%), X-axis: groups
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flavonoids, phenolic compounds, tannins, terpenoids, 
saponins, and glycosides.

2.4 � In vitro antioxidant activity
The free radical scavenging capacity of the extract against 
1, 1–diphenyl–2–picrylhydrazyl (DPPH) radical was deter-
mined by the method of Brand-Williams et al. [31, 32]; the 
phosphomolybdate reduction capacity was estimated using 
the method described by Prieto et  al. [33], and the ferric 
reducing antioxidant power (FRAP) assay was carried out 
using a modified method of Ruch et al. [34].

2.5 � Gas chromatography–mass spectroscopy (GC–MS)
The phytocomponents of Mojeaga herbal remedy was 
identified using gas chromatography-mass spectroscopy 

(GC–MS) detection system. The GC–MS analysis was 
accompanied using an Agilent 19091  s GC system. The 
capillary column used was 933HP-1MS (30 × 250  μm; 
film thickness of 0.25  μm; J & W Scientific, USA). The 
temperature program was set at as follows: initial tem-
perature 60  °C held for 1.5297  min, 30  °C per min to 
150 °C for 5 min, 30 °C per min to 250 °C held for 8 min. 
The total run time was 21.333  min, while the flow rate 
of Helium as a carrier gas was 0.79653 mL/min. The MS 
system was performed in electron ionization (EI) mode 
with Selected Ion Monitoring (SIM). The ion source tem-
perature and quadruple temperature were set at 230  °C 
and 150 °C, respectively.

Identification of phytocomponents was performed by 
comparison of the retention time and mass of the eluted 
compounds with those of authentic standards spec-
tra using searches on the database of National Institute 
Standard and Technology (NIST).

2.6 � Experimental animals
Ninety (90) healthy Wistar rat (males and females) 
weighed 180–250  g. These animals were bred in Bio-
chemistry animal house, University of Benin, Benin 
City. They were housed in a well-ventilated woody cages 
with male and female in a different compartment under 
normal laboratory conditions (12  h light/dark cycle: 
23 ± 2  °C) and fed with standard diet. Food and water 
were given free choice (ad libitum) to all animals used for 
the experiments for 14 days acclimatization period. They 
were handled according to standard protocols all through 
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Fig. 4  Effect of Mojeaga herbal remedy on Ferric reducing 
antioxidant potential (Frap). Red: control, Blue: Mojeaga herbal 
remedy, Y-axis: concentration (µM Fe II/ g extract), X-axis: groups
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Y-axis: White blood cell (× 103/ul), X-axis: groups/doses



Page 6 of 17Idu et al. Beni-Suef Univ J Basic Appl Sci           (2022) 11:27 

the experimental period (10 consecutive days). The ani-
mals were properly handled using the ethics of Labora-
tory animals’ approval from the ethical committee of 
Faculty of Life Sciences with the ethical number LS19214.

2.7 � Experimental design
Six (10) groups of 18 animals per group having male 
and female animals were separately treated as sched-
ule. Group A male and female received (5 mg/kg orally 
(p.o)) Folic acid, group B male and female received phe-
nylhydrazine hydrochloride (40  mg/kg p.o) alone, and 
group C, D and E male and female received aqueous 

Mojeaga remedy at 0.5, 1 and 2 mL/kg p.o). The animals 
in their respective groups were fasted overnight prior 
to the administration of phenylhydrazine hydrochloride 
according to the body weight of each animal for 5 days. 
Afterward, treatment follows all through 10 consecu-
tive days. Three rats of male and female were killed 
from each group at days 1, 5 and 10, and the blood sam-
ples and bone marrow were analyzed.

2.7.1 � Sample collection
All the animals were fasted for 8 h, weighed and killed 
by cervical dislocation 24 h after the last exposure day. 
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Fig. 6  Effect of Mojeaga herbal remedy on white blood cells across various days in female rats (p < 0.05). Blue: ––––1 days, Red: 5 days, Purple: 
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Blood collection was done through aortic puncture, 
and the serum for biochemical assays was obtained 
with centrifuge (1500  rpm for 10  min) after the blood 
was allowed to clot for 2 h. Blood sample for a hemato-
logical analysis was kept in EDTA bottle.

2.7.2 � Bone marrow preparation
Bone marrow from the femur bones was isolated and 
decalcified using decalcifying machine, and the slides 
were prepared from them, and the slide pictures were 
taken using Photomicrographs at × 40 magnification 
using a digital camera and were interpreted.

2.7.3 � Hematology assays
Automated Sysmex KX-21 hematology analyzer (Sys-
mex Corporation, Kobe, Japan) was used for the deter-
mination of red blood cells (RBC), hemoglobin (HGB), 
hematocrit (HCT), Mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC), red cell 
distribution width (RCDW), white blood cell (WBC), 
monocytes (MO), lymphocytes (LY), platelets (PLT). 
Platelets crit (PCT), platelet density width (PDW), 
mean platelet volume (MPV) and granulocytes (GR).
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Fig. 8  Effect of Mojeaga herbal remedy on red blood cells across various days in female rats (p < 0.05). Red: 5 days, Purple: 10 days, Y-axis: Red blood 
cells (× 106/ul), X-axis: groups/doses
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2.8 � Statistical analysis and data presentation
The statistical analysis was performed using the sta-
tistical package for social science (SPSS) for windows, 
version 16.0 (SPSS Inc., Chicago, IL, USA). The results 
obtained for the quantitative phytochemical screen-
ing, organ-to-body weight ratios, oxidative stress 
indices, kidney and liver function parameters, hemato-
logical assays and gene expressions were expressed as 
Mean ± SEM. One-way analysis of variance (ANOVA) 
test was used to determine significance differences 
between the treatment groups. Post Hoc Multiple 
Comparison Test was done using Tukey’s HSD (hon-
est significant difference) for these groups. Also, IC50 
was calculated using graph pad prism 9 to establish 

the free radical scavenging and antioxidant potential of 
the plant extracts. Statistical significance was declared 
when p value was less than 0.05 (p < 0.05).

3 � Results
3.1 � Qualitative and quantitative phytochemical analysis 

of Mojeaga herbal remedy
The results from the qualitative phytochemical screen-
ing showed the presence of flavonoids, alkaloids, tannins, 
saponins, cardiac glycosides, terpenoids and phenol. In 
the quantitative study, phenol appears more abundant 
at (1445 mg/100 g) follows by flavonoids (917 mg/100 g), 
and the least was alkaloids (6.0 mg/100 g), Tables 1 and 2.
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3.2 � Gas chromatography mass spectroscopy of Mojeaga 
herbal remedy

The phytoconstituents identified from Mojeaga herbal 
remedy GCMS peak showed the corresponding retention 
time, molecular formula, molecular weight and relative 
abundance of the compound (expressed as % peak area). 
The compound with the highest peak was 9, 12-Octadec-
adienoic acid (Z, Z)- and (E)-9-Octadecenoic acid ethyl 
ester. Other compounds present in low amount (Tables 3, 
4 and Fig. 1).

3.3 � In vitro antioxidant activity of Mojeaga herbal remedy
Mojeaga herbal remedy showed antioxidant scaveng-
ing potential as shown in Fig.  2, 3, 4. It elicited radical 

scavenging effect with a significant decrease in percent-
age inhibition of DPPH, Total antioxidant capacity and 
Ferric reducing antioxidant capacity at (24%, 53.8% and 
1610  µM Fe II/ g) when compared with ascorbic acid 
(98.7%, 100% and 2312 µM Fe II/ g).

3.4 � Hematological analysis of rats fed with Mojeaga herbal 
remedy

Figures  5 and 6 showed a significant increase in the 
male and female white blood cells across 10  mg/kg fer-
rous (iii)—hydroxide and treatment groups in day 1 of 
the experiment with subsequent increase in days 5 and 
10 of the experiment when compared with 40  mg/kg 
Phenylhydrazine.
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Figures  7 and 8 showed slight significant increase in 
Red blood cell count of male and female animals across 
5  mg/kg ferrous (iii)—hydroxide and treated groups in 
day 1 of the experiment with subsequent onset of action 
with a significant increase across days 5 and 10 of the 
treated groups of Mojeaga herbal remedy when com-
pared with untreated control.

Figures  9 and 10 showed a significant increase in the 
level of Hemoglobin Concentration 10  mg/kg ferrous 
(iii)—hydroxide and treated groups (Mojeaga herbal rem-
edy) in day 1 and subsequently with a significant increase 
in days 5 and 10 when compared with the control group.

Figures 11 and 12 showed significant decrease in (hem-
atocrit) Packed Cell Volume in male and female animals 
with 40 mg/kg Phenylhydrazine, with an increased across 
10  mg/kg ferrous (iii)—hydroxide and treated groups 
(Mojeaga herbal remedy) in day 1 with a specific signifi-
cant increase in days 5 and 10.

Figures  13 and 14 showed a significant decrease in 
Mean Corpuscular Volume in male and female animals 
with 40 mg/kg Phenylhydrazine when compared with the 
increase in 10 mg/kg ferrous (iii)—hydroxide and treated 
groups (Mojeaga herbal remedy) in day 1 of the experi-
ment with a specific significant increase in days 5 and 10.
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Fig. 14  Effect of Mojeaga herbal remedy on MCV in female rats (p < 0.05). Blue: 1 days, Red: 5 days, Purple: 10 days, Y-axis: Mean Corpuscular Volume 
(f l), X-axis: groups/doses
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Fig. 15  Effect of Mojeaga herbal remedy on MCH in male rats (p < 0.05). Blue: 1 days, Red: 5 days, Purple: 10 days, Y-axis: Mean Corpuscular 
hemoglobin (pg), X-axis: groups/doses
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Figures  15 and 16 showed a significant decrease in 
Mean Corpuscular Hemoglobin in 40  mg/kg Phenylhy-
drazine when compared with the increased observed 
in 10 mg/kg ferrous (iii)—hydroxide and treated groups 
(Mojeaga herbal remedy) in day 1 of the experiment with 
a specific significant increase in days 5 and 10.

Figures 17 and 18 showed a significant decrease in Mean 
Corpuscular Hemoglobin Concentration in 40 mg/kg Phe-
nylhydrazine when compared with the increased observed 
in 10  mg/kg ferrous (iii)—hydroxide and treated groups 
(Mojeaga herbal remedy) in day 1 of the experiment hav-
ing subsequent increase in days 5 and 10 of the experiment 
(Figs. 19, 20).

As shown in Fig. 21, elicited slight significant increase in 
the CD4 and CD8 count as observed across the treatment 
groups when compared with the untreated control.

3.5 � Bone marrow anal rats fed with Mojeaga herbal 
remedy

The administration of Mojeaga herbal remedy at graded 
doses induced a significant increase in the level of myelo-
erythroid cells ratio in the treatment groups (60% for 
0.5 ml/kg, 65% for 1 ml/kg and 85% for 2 ml/kg) in male 
animals and 5 mg/kg of ferrous (iii)—hydroxide-induced 
myelo-erythroid cells with (60% regeneration of the cells) 
specifically in day 10 when compared with untreated 
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Fig. 16  Effect of Mojeaga herbal remedy on MCH in female rats (p < 0.05). Blue: 1 days, Red: 5 days, Purple: 10 days, Y-axis: Mean Corpuscular 
hemoglobin (pg), X-axis: groups/doses
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Fig. 17  Effect of Mojeaga herbal remedy on MCHC across various days in male rats (p < 0.05). Blue: 1 days, Red: 5 days, Purple: 10 days, Y-axis: Mean 
Corpuscular Hemoglobin Concentration (g/d l), X-axis: groups/doses
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control, which excited the released of mild myelo-
erythroid cells ratio < 40%, hence showed severe anemic 
condition in the rats. The administration of Mojeaga 
herbal remedy at graded doses induced myelo-erythroid 
cells in female animals with a significant increase in the 
treatment groups (0.5, 1.0 and 2.0 ml/kg) at (55, 65 and 
90%) and 5  mg/kg of ferrous (iii)—hydroxide-induced 
myelo-erythroid cells with a significant increase of (65%) 
majorly in day 10 when compared with Distilled water 
induced myelo-erythroid cells with < 40% of 40  mg/kg 
phenyl hydrazine HCl group, thurs this is an indication of 
severe anemia in the rats.

4 � Discussion
The Preliminary phytochemical screening of the product 
showed the presence of flavonoids, alkaloids, tannins, 
saponins, cardiac glycosides, phenols, terpenoids and 
steroids [35–38]. The literature has reported same phy-
tochemicals in A. djalonensis root extracts in previous 
study. Antioxidant phytochemicals such as polyphenols, 
flavonoids, tannins and alkaloids have been documented 
for their effects on blood cells regenerations in animals 
[39, 40] and could have an indirect action to stimulate the 
hypothalamus and pituitary glands thereby influencing 
erythropoietin in the kidney to further triggered myelo-
erythroid cells in the bone marrow [41]. The Plant phy-
tochemical constituent’s includes flavonoids, alkaloids, 
tannins, saponins, cardiac glycosides, phenols, terpe-
noids and steroids are present in the product except the 
absent of steroids that is absent as shown in Tables 1 and 
2 [40].

The result showed a significant increase in in vitro 
antioxidant activity of Mojeaga herbal remedy in DPPH, 

total antioxidant capacity and ferric reducing antioxi-
dant potential radicals, when comparable with ascorbic 
acid. This could be responsible via scavenging oxidative 
stress capable of hemolyzing blood cell, hence mojeaga 
herbal remedy aid red blood cell regeneration as shown 
in Fig. 1, 2 and 3. This result is also in concordance with 
the findings of Muanya and Odukoya [42] that showed 
that high lipid peroxidation inhibition effect of Antho-
cleista djalonensis root extract in the raw and cooked 
fish homogenate among all the selected herbs enhancer 
in traditional medicine. Reactive oxygen species (ROS) 
are implicated in the pathogenesis of anemia. Overpro-
duction of ROS in blood cells can affect its production; 
hence, plasma antioxidant defense mechanism prevents 
oxidative stress damage [43]. Antioxidants scavenge free 
radicals from the system and protect erythrocyte cells 
that are essential in blood formations. The antioxidant 
property of Mojeaga herbal remedy showed that it could 
possess the capacity to scavenge excess reactive oxygen 
species (ROS) in erythrocyte synthesis which handle oxi-
dative damage of blood cells.

GC–MS analysis of Mojeaga herbal remedy revealed 
the presence of thirty-two phytochemicals (Tables  3, 
4 and Fig.  4) with numerous biological proper-
ties. Several compounds such as Disulfide, dimethyl, 
2-Methoxy-4-vinylphenol, 1-Dodecanol, 10-Phenylde-
canoic acid, 8-Phenyloctanoic acid, n-Hexadecanoic 
acid and 15-Hydroxypentadecanoic acid are known 
for their antioxidant properties [44]. Previous studies 
showed that pyrogallol increased hydrogen peroxide 
(H2O2) resistance linked to the reduction in intracel-
lular oxidation and protein carbonylation [45]. Sev-
eral compounds showed their antioxidant, antianemic, 
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Fig. 18  Effect of Mojeaga herbal remedy on MCHC across various days in female rats (p < 0.05). Blue: 1 days, Red: 5 days, Purple: 10 days, Y-axis: 
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antiseptic, antibacterial, anti-dermatic, fungicide, pes-
ticide. 9, 12-Octadecadienoic acid, methyl ester a major 
contributor of antioxidant and other potent biological 
activity of the product. Previous report by Yu, et al. [46] 
and Abubakar et al. [47] showed that 9, 12-octadecadie-
noic acid (Z, Z)-, methyl ester from chloroform extract 
of Albizia adianthifolia (Schumach) impeded cell pro-
liferation and microbial growth. This unsaturated fatty 
acid in Mojeaga herbal remedy could be a factor for 
its antimicrobial, antioxidant and anti-inflammatory 
property of the products reported ethnomedicinally. 

The n-Hexadecanoic acid is an ester derivative, with 
a strong antioxidant property, which elicited anti-
cancer, anti-microbial, anti-haemolytic, antianemic, 
anti-diabetic and pesticidal inhibitory action of 5-α 
reductase activity [48]. Studies by Sudha et  al. [49] 
showed that hexadecanoic acid, methyl ester have anti-
oxidant, hypocholesterolemic, antiarteriosclerotic and 
anti-coronary properties. These potent compounds 
may be sole responsible as an antioxidant property of 
Mojeaga herbal remedy toward DPPH, total antioxidant 
capacity and FRAP radicals. The whole antioxidant 
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Fig. 19  Effect of Mojeaga herbal remedy on Myelo-Erythroid Cell in male rats. A Untreated group: the bone marrow cavity shows visible marrow 
cells, (long arrow). Visible histologic appearance for cartilage and bone trabeculae (short arrow). B 5 mg/kg Folic acid: The bone marrow cavity 
shows marrow cells, (long arrow). Visible histologic appearance for cartilage and bone trabeculae (short arrow). C 0.5 ml Mojeaga herbal remedy: 
The bone marrow cavity shows visible marrow cells, (long arrow) with prominent fat cells (medium arrow). Visible histologic appearance for 
cartilage and bone trabeculae (short arrow). D 1.0 ml Mojeaga herbal remedy: The bone marrow cavity shows visible slightly increased marrow 
cells, (long arrow). Visible histologic appearance for cartilage and bone trabeculae (short arrow). E 2.0 ml Mojeaga herbal remedy: The bone marrow 
cavity shows increased marrow cells, (long arrow). Visible histologic appearance for cartilage and bone trabeculae (short arrow)
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phyto-components isolated from the product via GC–
MS analysis could be liable for an increased in erythro-
cyte regeneration, as observed from this study.

Anti-anemic study showed Mojeaga herbal remedy 
enhanced blood production in the treatment groups 
across male and female animals [50]. Result from the 
red blood cell and its components (Hgb, HCT, RBC, 
MCHC, MCV and MCH) showed a significant increase 
across the treatment groups of male and female rat at 
day 10 (18.05 ± 1.35, 51.40 ± 3.50 and 7.34 ± 0.35) and 

(16.60 ± 0.10, 48.05 ± 0.15 and 6.78 ± 0.36) when com-
pared with untreated group (phenylhydrazine hydrochlo-
ride) (13.69 ± 2.62, 39.95 ± 7.95 and 5.14 ± 0.59 for male 
animals) and (12.67 ± 2.54, 36.72 ± 7.39 and 5.79 ± 1.27 
for female) (p < 0.05) as shown in Fig.  5–18. Anemia 
was treated at days 1, 5 and 10 using 10  mg/kg ferrous 
(iii)—hydroxide as reference drug and Mojeaga poly-
herbal preparation in graded concentration (0.5, 1.0 and 
2.0 ml/ kg) as reported by Yakubu et al. [51]. The recov-
ery effect of blood cells probably could be as a result of 
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Fig. 20  Effect of Mojeaga herbal remedy on Myelo-Erythroid Cell in male rats. A Untreated group: The bone marrow cavity shows visible depleted 
scanty marrow cells, (long arrow) with not so remarkable histologic appearance for cartilage and bone trabeculae (short arrow). B 5 mg/kg Folic 
acid: The bone marrow cavity shows visible marrow cells, (long arrow). Visible histologic appearance for cartilage and bone trabeculae (short arrow). 
C 0.5 ml Mojeaga herbal remedy: The bone marrow cavity reduced visible marrow cells, (long arrow). Visible histologic appearance for cartilage and 
bone trabeculae (short arrow). D 1.0 ml Mojeaga herbal remedy: The bone marrow cavity shows visible marrow cells, (long arrow). Visible histologic 
appearance for cartilage and bone trabeculae (short arrow). E 2.0 ml Mojeaga herbal remedy: The bone marrow cavity shows increased marrow 
cells, (long arrow). Visible histologic appearance for cartilage and bone trabeculae (short arrow)
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the mechanism of action from erythropoiesis in liver, 
stimulating the bone marrow to regenerate blood cells. 
Hemogloblin (oxygen carrying capacity of the blood), 
MCV, MCH and MCHC exhibited a significant increase 
in the treated groups; this finding concurs with the work 
of Cole, [52] and Adebayo et al. [53] on ethanol extract of 
Bougainvillea spectabilis; [51, 54] on the aqueous extracts 
of Fadogia arggrestis stem and Bulbine natalensis stem. 
The bone marrow elicited viable structures when pre-
exposed to aqueous Mojeaga herbal remedy, triggers 
myelo-erythroid cells ratio with an increase 60%, 65% 
and 85% across the treated groups of male and female 
animals when compared with reference drug of male and 
female animals (60%) M. E (myelo-erythroid cells) cells 
ratio having normal blood cells regeneration. Less than 
40% M. E cells ratio for untreated group (phenylhydra-
zine hydrochloride) showed severe anemic state. These 
findings consent with the earlier report from Sen et  al. 
[41] and Claro et al. [39] on the significant alteration and 
increase in red blood cells percentage and myelo-eryth-
roid cells ratio formulation.

Findings from the Immunomodulatory studies elic-
ited that pre-administration of Mojeaga herbal rem-
edy displayed base line data with scientific proof on 
the Immunoprotective potential associated with herbal 
remedy as shown in Fig.  19. The parameters such as 
white blood cell count and its differential count were 
analyzed in comparison with the control and the 
treated groups showed that the treated groups’ signifi-
cant increase in white blood cells and its differentials 
count compared to the control. The study also showed 

that the CD4 and CD8 count had slight significant dif-
ference; hence, this served as an evident that aque-
ous Mojeaga herbal remedy possibly trigger humoral 
immune feedback because of its Immunoprotective 
property displayed.

5 � Conclusions
It is significant to consider this research study which 
elicited essential preclinical information progressing to 
anti-anemic herbal remedy development in the coun-
try. Therefore, possible isolation and feature of bioac-
tive component (s) should be accounted for with diverse 
pharmacological properties of Mojeaga herbal remedy in 
accordance with determine its bioactive guide to assay.
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