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Abstract
Anemia remains one of the most widespread public health problems 

worldwide. The objective of this study was to evaluate the acute toxicity and 
antianemic activity of an improved traditional medicine (ITM) developed 
in the Republic of the Congo. Standard methods were used to characterize 
the major chemical groups contained in the ITM. Two goups of five female 
mice each were formed. The first group (control) received distilled water, 
and the second was treated with a single oral dose of 5,000 mg/kg body 
weight (BW) of the ITM. Five additional groups of 5 male Wistar rats 
were formed, and hemolytic anemia was induced in the other four groups 
(II through V). 20 mg/kg body weight (BW) of 2,4-dinitrophenylhydrazine 
was administered for 7 days. Subsequently, all these rats were fed for the 
14 days following the induction of anemia: group I: normal diet (normal 
control), group II: normal diet (negative control), group III: normal diet + 
50 mg/kg BW of Ferrex Forte® (positive control), group IV: normal diet 
+ 1.5 mg/kg of ITM, and group V: normal diet + 3 mg/kg of ITM. These
results showed that at doses of 2,000 and 5,000 mg/kg administered orally,
ITM does not alter biological parameters (hematological parameters) and
does not cause any deaths. Nevertheless, it partially promoted body weight
gain. However, ITM was not toxic at the oral doses studied and exhibited
significant anti-anemic activity. Treatment with ITM, as well as with
Ferrex Forte®, partially or completely restored the various hematological
parameters measured at the end of the study. Furthermore, this study also
shows that ITM contains polyphenols, flavonoids, tannins, saponosides,
and alkaloids, the various bioactive constituents likely responsible for its
pharmacological effect.

Keywords: Anemia, ITM, Toxicity, Hematological Parameters, 
Phytochemistry

Introduction
Anemia remains one of the major public health concerns, particularly since 

it is not considered a disease but rather a true a clinical manifestation affecting 
populations worldwide, especially in developing countries. It is defined as a 
reduction in circulating hemoglobin levels relative to the expected values for 
individuals of the same age and sex (Braillard et al, 2012). According to the 
World Health Organization (WHO), approximately one-quarter (1.62 billion) 
of the world’s population suffers from anemia (WHO, 2008; Stevens et al, 
2013). It can occur at any stage of life, though it is more common among 
pregnant women and young children (WHO, 2015). Prevalence rates in 
Africa remain high, affecting 62.3% of children aged 1 to 5, 38.6% of women 
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of childbearing age, and 46.3% of pregnant women (WHO, 
2015). The prevalence of anemia ranges from 68% to 95% 
among patients with HIV/AIDS (Oumar et al, 2009; Diallo 
and al, 2013).

In the Republic of the Congo, the national prevalence 
of HIV/AIDS is 3.2% (SEP/CNLS Congo Report, 2014). 
However, other causes such as severe bleeding, genetic 
abnormalities, infectious diseases, prolonged use of 
nonsteroidal medications, and exposure to toxic substances 
such as phenylhydrazine may be associated with the disease 
(Assobayire et al, 2001; Tripathi, 2003). Several therapeutic 
approaches are currently available for the management 
of anemia. These include oral supplementation with iron, 
vitamin B9, or vitamin B12; erythropoietin injections; blood 
transfusions; and bone marrow transplants (Movaffaghi 
and Hasanpoor, 2006). However, the WHO has adopted a 
comprehensive action plan on nutrition for mothers, infants, 
and young children, specifying a series of six global nutrition 
targets to be achieved by 2025. One of the main objectives, 
this plan aims to reduce anemia by 40% among children under 
5 and by 50% among women of reproductive age (WHO, 
2014).  Improved traditional medicines (ITMs) may represent 
a promising complementary approach to the management 
of anemia. They could help effectively combat the disease 
and serve as an alternative to conventional hospital care. To 
this end, harnessing plant-based resources rich in secondary 
metabolites and micronutrients, which are accessible at low 
cost, would be a strategy for effectively combating anemia 
(Anwar et al, 2007). According to the WHO, the Congolese 
population is increasingly turning to traditional medicine, 
either through recommendations from traditional healers or 
through self-medication.  

These remedies include improved traditional medicines 
derived from medicinal plants, of which only 5 to 15 percent 
have been studied for bioactive molecules, constituting a vast 
source of potential new medicinal compounds (Fabricant, 
2001; Cutler and Curtler, 2000). By bridging the gap between 
traditional knowledge and scientific research, medicinal 
plants and improved traditional medicines can be used safely 
(Iserin  et al, 2001). The National Institute for Health Sciences 
Research (IRSSA), through its expertise, assists product 
developers and traditional health practitioners in studying any 
product or substance made available to it in order to evaluate 
its potential. It is in this context that an ITM was submitted 
for evaluation for evaluation of its effect against anemia. The 
ITM is packaged in a plastic container containing three 30-
gram sachets. The information on the packaging states that 
it is a formula derived from three medicinal plants (Ficus 
auriculata, Hibiscus sabdariffa, and Syzygium aromaticum). 
However, few in vitro studies have been reported on the 
anti-anemic effects of improved traditional medicines 
commonly consumed in the Republic of the Congo. Against 

this background, the present study was conducted to evaluate 
the acute toxicity and anti-anemic activity of an improved 
traditional medicine.

Materials and Methods
Plant Material  

The improved traditional medicine (ITM) consists of 
leaves from Ficus auriculata, Hibiscus sabdariffa, and 
Syzygium aromaticum, which were first dried, ground using 
an electric grinder (Retsch SK 100, Germany), and then 
packaged by the sponsor.

Animal Materials 
The animal materials consisted of Wistar rats (males and 

females) and Swiss albino mice (females) weighing 240–300 
g and 20–23 g, respectively. The rats were 16–20 weeks old, 
and the mice were one month old. These animals were housed 
in the animal facility of the National Institute for Health 
Sciences Research (IRSSA) at an ambient temperature of  
27 ± 1 °C with free access to a standard diet and tap water, 
under a 12-hour light/12-hour dark cycle.

Preparation of the improved traditional medicine
A decoction was prepared by adding thirty (30) grams of 

powder to 1 liter of distilled water, which was then boiled at 
100°C for 30 minutes (Kaneria and al, 2012). After cooling, 
the resulting decoction was double-filtered using cotton wool 
and Whatman N°1 filter paper. The filtrate was stored in the 
refrigerator at 4°C for further analysis.

Acute Toxicity Study
The acute toxicity of the improved traditional medicine 

was evaluated in accordance with OECD Guideline N°423 
(2001). This method determines the toxicity class based on 
the LD50.

Thus, nine mice, fasted for 18 hours prior to the 
experiment, were divided into three groups of three mice each 
and treated as follows:

• group 1 (control) received distilled water orally at a dose
of 1 mL/30 g of body weight (maximum body weight of
the mice);

• groups 2 and 3 were administered single oral doses of
2,000 and 5,000 mg/kg body weight, respectively, of the
improved traditional medicine.

After treatment, the animals were observed for 24 hours,
with particular attention paid during the first four hours, and 
then daily until the 14th day. Observations focused on the 
following symptoms: convulsions, sleep, coma, tremors, 
salivation, diarrhea, and lethargy. However, the animals were 
weighed every 2 days throughout the observation period 
(OECD, 2001). 
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level of 5%. A p-value of <0.05 indicates a statistically 
significant difference; a p-value of <0.01 indicates a very 
significant difference; a p-value of <0.001 indicates a highly 
significant difference; and a p-value of <0.0001 indicates a 
very highly significant difference.

Results
Oral administration of single doses of 2,000 and 5,000 mg/

kg of PC from ITM to mice did not produce any observable 
changes in the general condition or behavior of the mice 
(aggression, mobility, spontaneous sleep, salivation, tremor, 
pinch response, convulsions, and eye condition), similar to 
the control mice (Table I). In contrast, administration of ITM 
induced a significant increase in weight gain in mice treated 
with a dose of 5,000 mg/kg PC compared to the control  
group (***p < 0.0001) throughout the observation period 
(Figure 1).

Induction of Anemia 
After determining the hematological profile of 5 groups 

of 5 rats each, 4 groups were rendered anemic by oral 
administration of 20 mg/kg of 2,4-dinitrophenylhydrazine 
(2,4-DNPH) for 7 consecutive days. After performing a 
complete blood count, only rats with a decrease in hemoglobin 
levels of more than 30% on the 8th day were considered 
anemic and selected for the remainder of the experiment 
(Sani et al, 2015).  The group of rats not treated with 2,4-
DNPH was designated as group I, and the groups rendered 
anemic were numbered II through V. 

Treatment of Rats with Antianemic Substances
After inducing anemia for 7 days, the groups of 5 rats 

were treated daily starting on the 8th day for 14 consecutive 
days as follows: 

• group I: normal diet (normal control);

• group II: normal diet (negative control);

• group III: normal diet + standard anti-anemic agent
(Ferrex Forte® at 50 mg/kg body weight) administered
orally, positive control;

• group IV: normal diet + ITM (1.5 g/kg body weight);

• group V: normal diet + ITM (3 g/kg body weight).

group I consists of non-anemic rats, and groups II through
V consist of anemic rats. 

Determination of Hematological Parameters 
At the end of treatment, blood samples were collected from 

the rats and placed in EDTA tubes to measure the following 
hematological parameters using an automated analyzer 
(ABX Micros 60): Red blood cells (RBCs), hemoglobin 
(Hb), hematocrit (HCT), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), and mean corpuscular 
hemoglobin concentration (MCHC) (Ekweogu et al, 2019).

Phytochemical Screening
A qualitative study based on the identification of certain 

phytochemical groups was conducted. It focused on terpenes, 
flavonoids, tannins, saponosides, anthocyanin flavonoids 
(anthocyanins), and alkaloids. Standard methods were used 
(Tidiane et al, 2021).  It was prepared using an aqueous 
extract of ITM powder. 

Data Analysis 
Statistical analysis and graphical representation of the 

data were performed using GraphPad Prism 10.4.2 software. 
All values are presented as the mean ± Standard Error of the 
Mean (SEM). Statistical differences between the results were 
assessed using analysis of variance (ANOVA), followed by 
Tukey-Kramer’s multiple comparison test, with a significance 

Parameters    Treatments

ED (1 mL/100 g) ITM (2,000 
mg/kg)

ITM (5,000 
mg/kg)

Number of animals  3 3 3

Mobility    N N N

Aggression    A A A

Diarrhea    A A A

Tremor    A P P

Sleep    A A A

Pain sensitivity A P P

Respiration N N N

Raised hair A A A

Ptosis A A P

Number of deaths 0 0 0

Table I: Assessment of general behavior in mice following oral 
administration of the improved traditional medicine (ITM).

DW: Distilled water; A: absent; N: normal; P: present.
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Figure 1: Effects of ITM on weight gain in mice. Each data point 
represents a mean ± SEM, n = 5; **p < 0.01, ****p < 0.0001: 
significant difference compared to controls (distilled water); ns: no 
significant difference compared to controls (distilled water).
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Antianemic Effects of ITM in Male Rats
Effects on Red Blood Cell Count

Figure 2 illustrates the antianemic effect of ITM in rats 
treated with 2,4-DNPH. Daily oral administration of 2,4-
DNPH induced a highly significant decrease in red blood cell 
(RBC) counts in animals in group 2 (p < 0.01) on the 7th day. 
However, ITM supplementation led to a significant recovery 
in red blood cell counts comparable to the effect of Ferrex 
Forte® (positive control), even though the counts remained 
statistically lower (p<0.05). As for the negative control, its 
red blood cell count remained very significantly lower than 
that of the normal control (p<0.01) (Figure 2).

Effects on Hematocrit Levels
Administration of Ferrex Forte® (50 mg/kg) completely 

reversed the highly significant decrease in red blood cell 
volume relative to total blood volume caused by 2,4-DNPH 
(Figure 4). ITM supplementation (1.5 and 3 g/kg) resulted in 
an increase in hematocrit (HCT) levels on day 14 (p < 0.001), 
compared to the normal control (p < 0.05). The hematocrit 
in the normal control (group 1) remained very significantly 
lower than that of the negative control.
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Figure 2: Effect of ITM and Ferrex Forte on changes in red blood 
cell counts induced by 2,4-DNPH. Each data point represents a 
mean ± SEM, n = 5; **p < 0.01, significant difference compared to 
Day 0 ns: no significant difference compared to Day 7.
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Figure 3: Effect of ITM and Ferrex Forte on 2,4-DNPH-induced 
hemoglobin reduction. Each data point represents a mean ± SEM, n 
= 5; *p < 0.05, **p < 0.01, significant difference compared to Day 0; 
#p < 0.05, ###p < 0.001, significant difference compared to Day 7.
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Figure 4: Effect of ITM and Ferrex Forte on 2,4-DNPH-induced 
hematocrit reduction. Each data point represents a mean ± SEM, 
n = 5; *p < 0.05, significant difference compared to Day 0; ns: no 
significant difference compared to Day 0; #p < 0.05, ###p < 0.001: 
significant difference compared to Day 7.
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Figure 5: Effect of ITM and Ferrex Forte® on the change in mean 
corpuscular hemoglobin concentration induced by 2,4-DNPH. 
Each data point represents a mean ± SEM, n = 5; ns: no significant 
difference compared to Day 0; ###p < 0.001: significant difference 
compared to Day 7.

Effects on Hemoglobin Levels
2,4-DNPH induced a significant decrease in hemoglobin 

levels in treated rats (p < 0.01) on day 7. Administration of 
Ferrex Forte® (50 mg/kg) and supplementation with ITM (1.5 
and 3 g/kg) significantly significantly restored hemoglobin 
levels in hemoglobin (Hb) (p<0.001) induced by 2,4-DNPH 
compared to the normal control group (p>0.05).

Effects on mean corpuscular hemoglobin 
Administration of 2,4-dinitrophenylhydrazine (2,4-

DNPH) resulted in a decrease in mean corpuscular hemoglobin 
(MCH) compared with the negative control group (Figure 5). 
Treatment with Ferrex Forte® (50 mg/kg) and ITM at the 
tested doses (1.5 and 3 g/kg) significantly increased mean 
corpuscular hemoglobin (MCH) on Day 14 (p < 0.001).

Effects on the mean corpuscular hemoglobin 
concentration 

Treatment with 2,4-DNPH induced a significant decrease 
in the mean corpuscular hemoglobin concentration (MCHC) 
(p < 0.05). However, this effect was completely suppressed 
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by ITM (1.5 and 3 g/kg) as well as by Ferrex Forte®  
(50 mg/kg) in the treated groups, compared to the normal control  
(p > 0.05). The MCHC in group II (negative control) remained 
lower than that of the normal control (p < 0.05) (Figure 6).

that increased food intake could explain the increase in body 
weight in the mice. The study of ITM’s anti-anemic effects 
showed that, prior to 2,4-DNPH administration, the values 
of hematological parameters in the Wistar strain rats used 
in the experiment did not differ significantly. These results 
are consistent with the reference values for hematological 
parameters in rats (Okou et al, 2020). This would suggest that 
these animals did not develop abnormalities related to these 
parameters prior to our experiment. These results also show 
that blood cell counts can vary within the same population or 
from one environment to another (Gui et al, 2019).

Oral administration of 2,4-DNPH resulted in a significant 
average decrease in red blood cell count, hemoglobin level, 
hematocrit, mean corpuscular hemoglobin concentration 
(MCHC), total corpuscular hemoglobin (TCH), and mean 
corpuscular volume (MCV) compared to control rats. The 
reductions in red blood cell count, hemoglobin levels, and 
mean corpuscular hemoglobin concentration were more than 
50% and 35%, respectively. This suggests that administration 
of 2,4-DNPH to rats at a dose of 20 mg/kg body weight caused 
anemia. Indeed, according to Saini et al. (2015), a reduction 
of more than 30% in these parameters indicates anemia. 
These results are consistent with those of Muhammad et al, 
(2020) and Umerah et al. (2020), who observed a decrease 
in red blood cell count, hemoglobin levels, and hematocrit, 
respectively, after administering a 20 mg/kg body weight oral 
dose of 2,4-DNPH to rats for one week. Phenylhydrazine, like 
its derivative 2,4-DNPH, is an antipyretic drug that can cause 
hemolytic anemia in both humans and rats (Ashour et al, 
2014). Indeed, it induces destruction of the protein skeleton 
of red blood cells, peroxidation and alteration of membrane 
phospholipids, oxidative destruction of hemoglobin, 
depletion of glutathione and ATP, and a reduction in 
membrane deformability (Shukla et al, 2012). In the same 
study, supplements of 1.5 g/kg body weight and 3 g/kg body 
weight, as well as Ferrex Forte® at 50 mg/kg body weight, 
led to an increase in red blood cell count, hemoglobin, 
hematocrit, CCMH, VGM, and TCMH, while completely or 
partially counteracting the effect of 2,4-DNPH. These results 
are similar to those obtained by Coulibaly et al. (2020), 
who studied diets based on Moringa oleifera leaves (50% 
and 100%), and to those of Omoregie and Osagie (2007) on 
Jatropha tanjorensis leaf supplements in anemic rats.

Furthermore, the results obtained may suggest that ITM 
increases the red blood cell resistance. However, ITM may 
exert antioxidant effects by chelating copper and iron ions, 
while scavenging hydroxyl and superoxide free radicals 
(Félix-Silva et al, 2014). This action would result in the 
protection of the erythrocyte cell membrane against the 
effects of 2,4-DNPH.Furthermore, Ferrex Forte® 50 mg/
kg is an iron-based antianemic agent; iron is an essential 
component of hemoglobin, and folic acid plays an important 

Figure 6: Effect of ITM and Ferrex Forte on the decrease in mean 
corpuscular hemoglobin concentration induced by 2,4-DNPH. Each 
data point represents a mean ± SEM, n = 5; ***p < 0.001, significant 
difference compared to Day 0; ns: non-significant difference 
compared to Day 7; ##p < 0.01, ###p < 0.001: significant difference 
compared to Day 7.

Phytochemical Study 
Table II summarizes the phytochemical composition of 

the improved traditional medicine

Compounds Sought Reagents/Test Results

Phenolic compounds Liebermann reaction +

Flavonoids      
 Hydrochloric acid plus isoamyl 
alcohol and a few magnesium 

shavings
+

Tannins Iron chloride +

Free flavonoids Cyanidin reaction +

Alkaloids Dragendorff +

Saponins    Presence of persistent foam 
under specified conditions -

Table II: Test Tube Reactions

(+): presence; (-): Absence. Table II shows that all tested compounds 
are present in the ITM, with the exception of saponins.

Discussion
The acute toxicity study of ITM showed that administration 

of single doses of 2,000 and 5,000 mg/kg of PC by oral gavage 
did not cause any signs of toxicity or death in mice at the 
doses studied, which means that the LD50 of this ITM remains 
greater than 5,000 mg/kg of BW. These results allow this 
ITM to be classified in GHS (Globally Harmonized System 
of Classification and Labeling of Chemicals) Hazard Class 
5 with an LD50 > 5,000 mg/kg, corresponding to substances 
with relatively low acute toxicity (OECD, 2001). These 
results suggest that the ITM is relatively well tolerated in 
mice. ITM appears to promote body weight gain. It is possible 
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role in DNA synthesis and, consequently, in cell proliferation. 
Furthermore, it has been shown that phenylhydrazine is a 
chemical capable of binding to erythropoietin receptors, 
a hormone that regulates hematopoiesis, and to inhibit 
the cascade of reactions leading to the expression of the 
gene responsible for erythrocyte production (Pandey and 
al, 2014). This hormone increases the number of sensitive 
erythroblasts in the bone marrow, which are converted into 
reticulocytes and later into mature red blood cells (Sanchez-
Elsner et al, 2004). The effect of ITM on anemia could be 
explained by substances contained in the ITM powder 
that are generally capable of acting like erythropoietin by 
binding to its receptors and competing with 2,4-DNPH or by 
employing another mechanism to increase erythrocyte levels. 
Phytochemical screening of ITM revealed the presence of 
polyphenols, flavonoids, tannins, saponosides, and alkaloids. 
Polyphenols and flavonoids are potent agents with anti-
anemic, anti-inflammatory, anti-carcinogenic, antimicrobial, 
cardioprotective, and anti-diabetic properties (Mitsunari 
et al, 2021; Mustafa et al, 2022; Yoshioka et al, 2022). 
Finally, the partial or complete recovery of GR, Hb, MCV, 
MCH, and MCHC suggests that ITM restored the size and 
hemoglobin content of erythrocytes, which is indicative of 
cell proliferation and normal hemoglobin synthesis. The 
same finding was reported by Coulibaly et al, (2020) and by 
Muhammad et al. (2020) using an extract from the leaves of 
Phyllanthus niruri.

Conclusion
The improved traditional medicine studied is used in 

traditional medicine, either alone or in combination with other 
plants, to treat several conditions, including iron-deficiency 
anemia. Oral administration of ITM at the doses studied (2,000 
and 5,000 mg/kg) resulted in neither mortality nor any notable 
partial or general changes in certain biological parameters 
(hematological parameters). This product slightly promotes 
weight gain and appears to be non-toxic when administered 
orally. ITM has also shown promising anti-anemic activity, 
as it restores hematological parameters by counteracting 
the anemic effect induced by 2,4-DNPH. However, a study 
is needed on its effects regarding biochemical parameters 
in order to better assess the impacts on certain vital organs. 
Phytochemical screening of ITM also reveals that this product 
is rich in polyphenols, free flavonoids, tannins, alkaloids, and 
saponosides, which are believed to be responsible for the 
pharmacological effect observed in this study. Furthermore, 
fractionation of the phytochemical constituents of ITM to 
identify the compounds responsible for its anti-anemic effects 
would be of interest. 
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