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Abstract 

Many ethanolic phytoextracts exhibit promising antimicrobial performance but may also display toxic effects, 
particularly on blood erythrocytes, potentially leading to acute hemolytic anemia. Therefore, it is essential to verify their 
safety. This study aimed to evaluate the acute erythrocyte safety of an ethanolic phytoextract (Ethe) with antimicrobial 
potential from Combretum racemosum in female Wistar rats, by assessing the potential risk of acute hemolytic anemia. 
Eighteen female rats (n = 18) were divided into six groups of three animals each (n = 3) and orally administered single 
doses of Eethe at 5, 50, 300, 2000, and 5000 mg/kg of body weight, while the negative control group (n = 3) received 
distilled water. Red blood cell (RBC) count, hemoglobin concentration (Hb), hematocrit (Hct), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were measured 
24 hours after Ethe administration. No significant clinical abnormalities were observed at 5% threshold (p > 0.05), 
regardless of the single dose administered. The values of RBC, Hb, Hct, MCV, MCH, and MCHC remained stable within 
their physiological reference ranges. No significant variations indicative of hemolytic anemia were detected at 5% 
threshold (p > 0.05). The ethanolic phytoextract (Ethe) from Combretum racemosum leaves tested in this study exhibited 
good single-dose safety on the erythrocytes of Wistar rats, even at high doses (up to 5000 mg/kg of body weight). 
However, subchronic and chronic studies are required to confirm this observation and support the development of Ethe 
as a natural antimicrobial candidate. 
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1. Introduction

The human species, along with its main activities, particularly modern agriculture (both plant and animal), is 
increasingly confronted with persistent microbial infections that compromise human, animal, and plant health. These 
infections lead to reduced productivity, increased food insecurity, and pose a threat to consumer health [1]. 

Infectious diseases remain one of the major causes of morbidity and mortality worldwide. They also result in decreased 
agricultural production, higher veterinary costs, and substantial economic losses for farmers. Such disruptions affect 
supply chains, influence commodity prices, and generate broader economic repercussions, especially in agricultural 
sector [2].  
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The fight !against these infections still largely relies on the use of synthetic drugs (antibiotics, antifungals, and 
pesticides). However their intensive use promotes the emergence of resistant microbial strains and raises significant 
ecotoxicological concerns [3–4]. 

In this context, medicinal plant extracts appear as a sustainable alternative. Their efficacy relies on their richness in 
natural secondary metabolites with antibacterial and antifungal activities, particularly when obtained through ethanol 
extraction [5]. Nevertheless, before any therapeutic application, it is essential to assess the safety of these extracts on 
living organisms, especially on the blood system. Red blood cells, due to their central role in oxygen and carbon dioxide 
transport via hemoglobin, serve as sensitive biomarkers of toxicity [6–7]. 

Among plants of interest, Combretum racemosum (family Combretaceae) is recognized for its diverse biological 
activities. It has demonstrated antidermatophytic and anthelmintic efficacy [8–9], as well as activity against 
trypanosomal and antiplasmodial infections [10]. Its anti-inflammatory and antioxidant properties are also well 
documented [11–12], along with its therapeutic potential for urinary and gastrointestinal infections [13]. 

However, the occurrence of erythrocyte disturbances associated with signs of hemolytic anemia following 
administration of a drug substance may constitute a major risk limiting its therapeutic use. 

Therefore, the present study aimed to evaluate the acute preclinical safety of an ethanolic leaf phytoextract of 
Combretum racemosum, known for its antimicrobial activity, on red blood cells, in order to assess its potential hemolytic 
toxicity and biological compatibility. 

2. Material and methods 

2.1. Tested phytoextract 

The tested phytoextract consisted of an ethanolic macerate (Ethe). It was obtained from the leaves of Combretum 
racemosum (Figure 1), which were authenticated at the National Floristic Center of Félix Houphouët-Boigny University, 
Abidjan-Cocody, by comparison with specimen No. 16949, deposited on July 17, 1985. 

 

Figure 1 Leaves of Combretum racemosum 

2.1.1. Preparation of the ethanolic phytoextract 

After authentication and preliminary processing, the leaves of Combretum racemosum were sorted, washed, and air-
dried for one week. The dried leaves were then ground into a fine powder, which was stored in sterile containers at 20 
°C for the preparation of the ethanolic phytoextract (Ethe). 

Ethe was obtained by macerating 100 g of the leaf powder in a water/ethanol mixture (300 mL/700 mL), homogenized 
at 37 °C, then filtered and concentrated at 50 °C for one week [13]. 

2.1.2. Phytochemical test of the ethanolic phytoextract 

Ten colorimetric assays performed on the ethanolic phytoextract (Ethe) revealed, through reduction reactions in basic 
medium, the presence of biologically active substances, as confirmed by the appearance of specific coloration reactions 
[14]. 
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2.1.3. Sterility test of the ethanolic phytoextract 

The microbiological quality control of the ethanolic phytoextract (Ethe) was carried out in accordance with established 
standards [15]. This test aimed to determine whether the Ethe was contaminated by any microorganism. The qualitative 
microbiological assessment covered all types of microorganisms. 

2.2. Hematological components studied 

The blood components analyzed concerned erythrocytes obtained from young healthy female Wistar rats (n = 18), aged 
eight weeks and with a mean body weight of 100 g. The species used, Rattus norvegicus, belongs to the Muridae family 
(Figure 2). 

 

Figure 2 Rattus norvegicus species 

2.3. Preclinical evaluation of the acute safety of the ethanolic phytoextract on the erythrocyte parameters of  

         treated female rats 

2.3.1. Oral administration (gavage) of tats with the ethanolic phytoextract 

The preclinical study of the acute safety of the ethanolic phytoextract (Ethe) on the erythrocytes of female rats was 
conducted according to the OECD Guideline 423, as validated and described by [16].  

Eighteen female rats, after a 12-hour fasting period (with free access to water), were divided into six groups of three 
animals each (n = 3) : a negative control group that received 1 mL/100 g of distilled water; three test groups (n = 9) that 
received the trial doses (5, 50, and 300 mg/kg of body weight); a “limit-tolerated” group at 2000 mg/kg of bw; and a 
“limit” group at 5000 mg/kg of bw. The Ethe was administered once orally by gavage. After gavage, the animals were 
fasted for one additional hour before being re-fed. The blood erythrocyte parameters were then measured following 
this single-dose administration. 

2.3.2. Observation of acute physical and behavioral clinical signs in treated female rats 

After administration of the ethanolic phytoextract (Ethe), the rats were observed immediately during the following 30 
minutes, at 4 hours, 24 hours, and then daily for 14 days [17]. 

Physical clinical signs were recorded based on the condition of the skin, mucous membranes, urine, feces, and hair coat, 
followed by behavioral signs relating to breathing, salivation, lethargy, convulsion, aggressiveness, drowsiness, feeding 
behavior, locomotion, stretching, and mortality. The number of deaths was also monitored in all animals. 

2.3.3. Blood sampling from rats treated with the phytoextract 

At the end of the treatment, all rats were sacrificed. Blood samples were collected in EDTA tubes for complete blood 
count (CBC) analysis, which allowed the determination of total red blood cell concentration, hemoglobin level, and 
erythrocyte indices (MCV, Hct, MCHC, MCH), according to the method recommended for hematological analysis in rats 
[18]. 

2.3.4. Determination of total red blood cells and hemoglobin levels 

Total red blood cells (RBCs) were converted into isovolumetric spheres and counted using the Technicon H1 analyzer. 
Their quantification was supplemented by electronic pulse counts with the Coulter Counter S-PLUS IV. Hemoglobin 
(Hb) levels were determined using the modified cyanmethemoglobin method, in accordance with current standards 
[19]. 
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2.3.5. Measurement of erythrocyte indices 

The erythrocyte constants (MCV, Hct, MCH, and MCHC) were automatically measured using a calibrated hematology 
analyzer, ensuring accuracy and reproducibility [20]. 

The calculation of their values was performed using the following standard formulas : 

              MCV                             Hct                                 Hb                                 Hb 

Hct =             x 100 ; MCV =             x 10 ;   MCH =             x 10 ; MCHC =             x 100 

            RBC                               RBC                                RBC                              RBC 

MCV : Mean Corpuscular Volume (fL)  

RBC : Number of red blood cells per unit of blood (10¹²/L of blood). 

MCH : Mean corpuscular hemoglobin (pg) 

MCHC : Mean corpuscular hemoglobin concentration (g/dL) 

Hb: Hemoglobin concentration (g/dL ou g/L).  

2.4. Statistical analysis 

Phytochemical and acute safety data of Ethe were analyzed using GraphPad Prism and R, and are presented as mean 
± SE. Statistical significance was assessed by ANOVA followed by the Student’s t-test, with a significance threshold set 
at p < 0.05. 

3. Results 

3.1. Groups of bioactive phytomolecules identified in the ethanolic phytoextract  

The analyzed ethanolic phytoextract (Ethe) contains three (03) groups of biologically active phytomolecules (Table 1). 
The first group, represented by flavonoids, total polyphenols, and free quinones, is absent in Ethe. The second group, 
less abundant in Ethe, consists of tannins and saponins. The third group, comprising alkaloids, steroids, and terpenoids, 
is present in high amounts in Ethe. 

In summary, the ethanolic phytoextract contains alkaloids, saponins, steroids, terpenoids, and tannins (catechic 
and gallic). 

Table 1 Profile of bioactive phytomolecules identified in the ethanolic phytoextract (Ethe) from Combretum 
racemosum leaves 

Polyextract Alkaloids Flavonoids Total 
polyphenols 

Free 
quinones 

Saponins Stéroïdes Terpénoïdes Tanins 

Cat Gal 

Ethe ++ - - - + ++ ++ + + 

Ethe : Crude hydroethanolic macerated phytoextract ; B : Bouchardat ; Cat : Catechic tannins ; Gal : Gallic tannins ; - : Absence of Bioactive 
phytomolecules ; + : Presence of bioactive phytomolecules 

3.1.1. Physical and behavioral manifestations observed in treated female rats 

Within 24 hours following administration of the ethanolic phytoextract (Ethe), no abnormal physical or behavioral 
manifestations were observed in the treated female rats (Table 2). The animals’ physical appearance including the 
condition of the skin, fur, mucous membranes, eyes, ears, and mouth as well as their general behavior, such as 
respiration, locomotion, salivation, lethargy, convulsions, aggressiveness, and responsiveness to auditory and tactile 
stimuli, remained comparable to those of the control group. 
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At the highest tested dose (5000 mg/kg of body weight), Ethe did not induce any acute toxic effects related to physical 
appearance or behavior that could indicate hemolytic anemia in the treated female rats. 

In summary, administration of Ethe produced no signs of acute physical or behavioral toxicity suggestive of acute 
hemolytic anemia. 

Table 2 Acute clinical signs related to physical appearance and behavior observed in treated female rats 

  Observed parameters 

Physical appearance 

Control group                            Groups of treated female rats 

30 min       4 h      24 h    14 days              30 min        4 h      24 h     14 days                           

Skin and fur                                                 

Mucous membranes                                     

Mouth, ears, eyes         

                     

     -               

     -                

     - 

-           - 

-           -         

- - 

- - 

     - 

     -                         

     -                            

     -                  

    -              -           -             - 

    -              -           -             - 

    -              -           -             - 

    -              -           -             - 

General behavior     

Arythmia 

Salivation                                                     

Léthargy                                                                                        

Convulsions                                         

Agressiveness                                                              

Sleep                                                                                   

Locomotor activity                                             

Feeding                                                                

Stretching 

Agitation                                                                                                                         

           

     -              

     -                             

     -               

     -              

     -                

     +              

     +                 

     -               

     -               

-           - 

-           -           

-           -               

-           -        

-           -             

-           -          

+         +              

+         +           

-          -         

-          -              

     - 

     -      

     - 

     - 

     -                            

     -  

    +                                

    + 

    - 

    - 

     -              -          -             - 

     -              -          -             - 

     -              -          -             - 

     -              -          -             - 

     -              -          -             - 

     -              -          -             - 

    +             +          +            + 

    +             +          +            + 

         -          -             - 

         -          -             - 

General appearance cases : - : Normal,  + : Abnormal; Case of général behavior : - : Absence; + : Presence. 

3.1.2. Acute erythrocytic effect of the phytoextract in female rats 

A single oral administration of the ethanolic phytoextract (Ethe) of C. racemosum, rich in saponins, steroids, terpenoids, 
and tannins, at doses ranging from 5 to 5000 mg/kg body weight, did not induce any significant acute harmful effect on 
circulating RBCs, hemoglobin (Hb), or hematocrit (Hct) at the 5% significance threshold (p > 0.05) compared with the 
control group (Table 3). The counts of RBCs, Hb, and Hct remained within normal ranges and showed no statistically 
significant difference relative to the control (p > 0.05).  

RBC counts remained stable from Day 1 (D1) to Day 14 (D14) of the study, varying non-significantly from 7.49 ± 0.12 to 
7.78 ×10¹² ± 0.32/L in treated rats, compared with 7.80 ×10¹² ± 0.21/L in controls (Table 3). Similarly, Hb concentration 
fluctuated between 12.99 ± 0.31 and 13.90 ± 0.47 g/dL in treated rats, compared with 13.30 ± 0.58 g/dL in controls. 
Hematocrit values ranged from 40.90 ± 3.37% to 45.08 ± 3.42% in treated rats, versus 41.05 ± 2.89% in the control 
group. 

In summary, Ethe did not cause premature destruction of circulating red blood cells in the studied rats up to the limit 
dose of 5000 mg/kg body weight.  
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Table 3 Acute erythrocyte safety profile of Ethe in treated female rats 

 Eethe dose (mg/kg of bw) n      RBC (1012/L) Hb (g/dL)  Hct () 

Control group                         0      3       7.80  0.21a      13,30  0,58b
     41.052,89c

 

 

 

Ethe-treated 
groups 

                        5     3      7.70  0.53a     12.99  0.31b
     42.853.27c 

                       50     3      7.490.12a     13.00.25b
    40.903.37c 

                       300     3      7.650.22a     13.600.33b
   43.033.37c 

                        2000     3      7.601.21a     13.870.45b
   43.033.40c 

                        5000     3      7.780.32a         13.900.47b     45.083.42c 

RBC : red blood cells; Hb: hemoglobin. Hct: hematocrit; Ethe: macerated crude hydro-ethanolic phytoextract. In the same column, RBC, Hb, and Ht 
marked with the same letter are not significantly different at the 5% threshold (p > 0.05). 

3.1.3. Acute impact of phytoextract disruption on erythrocyte indices in treated rats 

On day 14 (D14) after a single oral administration of Ethe C. racemosum, rich in tannins, saponins, steroids, and 
terpenoids, at doses of 5 to 5000 mg/kg of bw, erythrocyte constants remained within the usual physiological values 
even at 5000 mg/kg of bw (Table 4). No significant differences were observed for MCV, MCHC, and MCH at the 5% 
threshold (p > 0.05). The constants remained stable within the physiological reference ranges for Wistar rats. The MCV 
ranged from 55.93±1.42 to 58.10±2.00 fL in treated rats, with no significant difference from the control (57.92±2.44 fL). 
The TCMH and CCMH varied between 16.09±0.11 and 17.62±0.36 pg and 30.7±0.46 and 31.7±1.75 g/dL, respectively, 
in the treated groups, compared to 17.82±0.55 pg and 30.7±0.43 g/dL in the controls.  

In summary, Ethe has no acute harmful impact on erythrocyte constants, confirming the absence of any premature 
destructive effect of Ethe on circulating red blood cells in rats.  

Table 4 Acute safety profile of Ethe on erythrocyte parameters in treated female rats 

 Eeth dose (mg/kg of bw) n         MCV (fL) MCH (pg) MCHC (g/dl) 

Control group                         0    3   57.922.44a    17.820.55b
 30.70.43c

 

 

 

Eeth-treated groups 

                         5   3   57.802.02a   17.620.36b
 30.70.46c 

                        50   3  55.931.42a   16.630.34b
 31.71.75c 

                        300   3   57.932.30a   16.130.15b
 30.81.74c 

                         2000   3   57.522.00a   16.130.15b
 30.81.00c   

                         5000   3  58.102.00a   16.090.11b
 30.81,00c 

MCV: mean corpuscular volume. MCH : mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration. mg/kg of bw: 
milligram per kilogram of body weight. Ethe : macerated ethanolic phytoextract. In the same column, the MCV, MCH and MCHC values marked with 
the same letter are not significantly different at the 5% threshold (p > 0.05). 

3.1.4. Acute erythrocyte safety via investigation of acute hemolytic anemia in treated female rats 

The investigation of acute safety of the ethanolic phytoextract (Ethe) on the blood erythrocytes of the rats studied was 
carried out by comparing the values of the erythrocyte parameters of the studied rats.  

The acute safety of the ethanolic phytoextract (Ethe) on the blood erythrocytes of the rats studied was investigated by 
comparing the erythrocyte parameter values with the characteristic profile of the main forms of hemolytic anemia. No 
significant sharp decrease in RBC, Hb, and Hct was caused in rats treated with Ethe at the 5% threshold (p > 0.05) 
compared to the control group, thus indicating the absence of acute hemolytic anemia, i.e., indicating the acute safety of 
Ethe blood erythrocytes in this study.  

In summary, the tested Ethe preserves the integrity, i.e., the safety of erythrocytes in Wistar rats, even at high doses (up 
to 5000 mg/kg of bw).  
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Table 5 Acute safety profile of Ethe on erythrocyte parameters in treated female rats 

Dose 
(mg/kg.pc) 

n 

 

   RBC 
(1012/L) 

   Hb (g/dL)         Hct (%) 

 

       MCV (fL) 

 

    MCH (pg) 

 

 MCHC 
(g/dL) 

         0 (témoin)    3      7.800.21a   13.300.58b 41.052.89c     57.922.44d   17.820.55e 30.70.43f
 

         5    3     7.700.53a   12.99  0.31b 42.853.27c    57.802.02d   17.620.36e 30.70.46f
 

         50    3   7.490.12a   13.500.25b 40.903.37c    55.931.42d  16.630.34e 31.71,75f
 

         300    3  7.650.22a   13.600.33b 43.033.37c   57.932.30d  16.130.15e 30.81.74f
 

         2000    3  7.601.21a   13.870,45b 43.033.40c   57.522.00d  16.130.15e 30.81.00f   

         5000    3 7.780.32a       13.900.47b   45.083.42c   58.102.00d 16.090.11e
 30.81.00f

 
RBC: red blood cells; Hb: hemoglobin; Ht: hematocrit; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration. 
mg/kg of b.w.: milligram per kilogram of body weight. Ethe: macerated ethanolic phytoextract. Within the same column, MCV, MCH, and MCHC 
values followed by the same letter are not significantly different at the 5% level (p > 0.05). 

4. Discussion     

4.1. Groups of bioactive phytomolecules identified in the ethanolic phytoextract 

The ethanolic phytoextract (Ethe) contains alkaloids, saponins, steroids, terpenoids, and tannins in varying 
concentrations. The moderate presence of tannins and saponins in Ethe could be explained by the moderate affinity of 
ethanol for these molecules [21]. The abundance of alkaloids, steroids, and terpenoids in Eeth is justified by the 
increased polarity of the solvent mixture resulting from the addition of water, which facilitates the extraction of these 
more lipophilic compounds [22]. 

4.2. Physical and behavioral manifestations observed in treated female rats 

During the 24 hours following administration of the ethanolic phytoextract (Ethe), no abnormal physical or behavioral 
manifestations were observed in the treated female rats. This could indicate that Eethe has no clinically toxic effect 
suggestive of hemolytic anemia and appears to be well tolerated in the short term. This result is consistent with several 
recent studies on the Combretum genus. For example, the ethanolic extract of C. racemosum administered orally to 
albino rats exhibited an LD₅₀ greater than 5500 mg/kg of b.w., without causing mortality or clinical signs of toxicity 
[23]. This observation suggests that even at the highest dose (5000 mg/kg of b.w.), Ethe does not induce any preliminary 
behavioral or physical signs of acute hemolytic anemia in rats, thereby demonstrating good short-term tolerance, which 
aligns with the available data on Combretum species. 

4.3. Acute erythrocytic effect of the ethanolic phytoextract in treated female rats 

The ethanolic phytoextract (Ethe) does not cause premature destructive effects on circulating erythrocytes in the blood 
of treated rats, even at the limit dose of 5000 mg/kg of b.w. The stable values of RBC, Hb, and Hct indicate that Ethe does 
not affect RBC production in the bone marrow, nor does it alter the erythrocyte membrane or morphology, i.e., it does 
not induce hemolysis. Ethe also does not disturb Hb metabolism or oxidation, meaning it does not interfere with Hb 
synthesis under the experimental conditions tested. Hb and Hct are sensitive hematological indices of alterations related 
to hemolysis or bone marrow suppression [24]. 

The absence of any immediate deleterious effect of Ethe may be explained by the combined membrane antioxidant 
activity of tannins, the dose-dependent effects of saponins (which remain non-toxic at the tested concentrations), and 
the additional antioxidant contribution of steroids and terpenoids [25–26]. A similar result was reported by [27], 
showing that administration of a polyphenolic extract in rats did not significantly alter these parameters, indicating a 
good hematological tolerance profile. The present study describes the phytochemical profile (alkaloids, saponins, 
tannins, steroids, terpenoids, etc.) and provides a table of hematological parameters (RBC, Hb, Hct, MCV, MCH, MCHC), 
showing no statistically significant variations between treated groups and the control group at the time of sampling.  

4.4. Acute impact of the ethanolic phytoextract on erythrocytic indices in treated female rats 

The ethanolic phytoextract (Ethe) produced no acute harmful alterations in erythrocytic indices, confirming the absence 
of any premature destructive effect of Ethe on circulating red blood cells in the treated rats. This result indicates the 



GSC Advanced Research and Reviews, 2025, 25(02), 234–243 

241 

absence of any detectable acute microcytosis, macrocytosis, or hypochromia in the tested rat population and at the 
administered doses at the time of blood collection. It therefore suggests a good profile of acute erythrocyte safety for 
Ethe. 

These indices are useful biomarkers for identifying erythrocytic disorders related to oxidative stress or membrane 
damage. They show that Eeth has neither deleterious nor stimulatory effects on red blood cell mass or hematopoiesis, 
nor any deficiency-related effect on hematopoiesis or iron metabolism. The extract can thus be considered 
normocytic—acting normally on red blood cell size and morphology and normochromic neither increasing nor 
significantly decreasing the hemoglobin concentration within erythrocytes [25]. 

This result could be attributed to the combined action of the endogenous antioxidant system (SOD, catalase, glutathione 
peroxidase) and the protective effects of saponins, steroids, terpenoids, and tannins, which together prevent any 
significant alterations [28]. This finding is consistent with that of [29], who reported that the ethanolic extract of 
Azadirachta indica reduced erythrocyte membrane lipid peroxidation by 35.6% and increased cell viability by 42% (p 
< 0.05). 

4.5. Acute safety of Ethe on blood erythrocytes in treated female rats 

The tested ethanolic phytoextract (Ethe) preserved the acute integrity of erythrocytes in the studied Wistar rats, even 
at high doses (up to 5000 mg/kg of b.w.). This confirms the single-dose safety of Eethe on blood erythrocytes. The result 
indicates the absence of short-term hemolytic anemia and demonstrates a good capacity of hemoglobin (Hb) to 
transport O₂ from the lungs to the tissues and, conversely, CO₂ from the tissues back to the lungs. It also confirms the 
absence of microcytic, macrocytic, or hypochromic anemia. 

This observation may be explained by the antioxidant, protective, anti-hemolytic, or stabilizing effects exerted by 
tannins present in Eeth on animal blood erythrocytes [30]. Indeed, tannins have been shown to protect erythrocytes 
from damage induced by reactive oxygen species (ROS) generated during oxidative stress, such as peroxynitrite 
(ONOO⁻) and hypochlorite (HClO). They enhance the activity of antioxidant enzymes, inhibit lipid peroxidation, restore 
reduced glutathione and superoxide dismutase levels in obese rats, decrease erythrocyte osmotic fragility, and stabilize 
erythrocyte membranes through interactions with membrane proteins and a reduction in surface membrane fluidity. 
These effects improve resistance to osmotic stress and prevent hemoglobin oxidation [31–33]. 

5. Conclusion 

This preclinical study evaluated the acute safety of an ethanolic phytoextract (Ethe) with antimicrobial potential, 
focusing on the risk of acute hemolytic anemia in female Wistar laboratory rats. 

A single oral administration of Ethe at doses ranging from 5 to 5000 mg/kg of b.w. produced no clinical signs of acute 
hemolytic anemia an essential criterion confirming the single-dose safety of Ethe in this study. This was supported by 
the absence of any acute hematotoxic effect on RBC, Hb, Hct, MCV, MCH, and MCHC values over a 14-day period. 
However, the small sample size (n = 3 per group), the use of a single-dose protocol, and the limited experimental 
duration represent methodological constraints. 

Nevertheless, a complementary repeated-dose oral gavage study in Wistar rats, followed by multi-week observations, 
measurement of hemolytic anemia biomarkers, and histopathological analysis, would be necessary to confirm the 
hematological safety of Ethe and support its therapeutic development as a potential natural antimicrobial candidate. 

Compliance with ethical standards 

Acknowledgments 

This study was carried out with the support of several laboratories. The authors would like to express their gratitude 
to the Department of Agro-Industrial Science and Technology, Training and Research Unit of Agriculture, Fisheries and 
Agro-Industries, Polytechnic University of San-Pedro; the Laboratory of Medical Biochemistry, Training and Research 
Unit of Medical Sciences; and the Laboratory of Biology and Health, Training and Research Unit of Biosciences, Félix 
Houphouët-Boigny University of Cocody (Abidjan). The authors also thank the Department of Bacteriology and Virology 
of the Pasteur Institute of Côte d’Ivoire for their valuable collaboration. 

 



GSC Advanced Research and Reviews, 2025, 25(02), 234–243 

242 

Disclosure of conflict of interest 

The authors declare that there is no conflict of interest to be reported. 

Statement of ethical approval 

This research study was conducted on animal, specifically laboratory Wistar rats on the species Rattus norvegicus. Its 
does not contain an appropriate ethical approval statement. Currently, an appropriate ethical approval statement does 
not exist for research in Ivory Cost. It is currently being developed 

References 

[1] Knight-J.T.J.D. et Rushton J. (2013).  Impacts économiques de la fièvre aphteuse : quels sont-ils, quelle est leur 
ampleur et où se produisent-ils ? Prev. Vet. Med 112p. 161-173.  

[2] Ferrara G., Moje N., Rossi A. Pagnini U., lovane G. et Montagnaro S. (2025). Exposition trois agents pathogènes 
zoonotiques dans la population porcine du sud de l’Italie. Acta Trop. 264, 107607.   

[3] Salam, A., Al-Amin, Y., Salam M.T., Pawar J.S., Akhter N., Rabaan A.A., Alqumber M.A.A. (2023). Résistance aux 
antimicrobiens : une menace croissante pour la santé publique mondiale. Santé, 2023, 11, 1946. 

[4] Qiu D., Ke, M., Zhang Q., Zhang F., Lu T., Sun L., Qian H. (2022). Réponse de la résistance microbienne aux 
antibiotiques face aux pesticides : une menace émergente pour la santé. Sci. Total Environ. 2022, 850, 158057. 

[5] Sunmin W. Lewis M., William C., Caitlin R., Cassandra L.Q. (2023). Recent advances in the discovery of plant-
derived antimicrobial natural products to combat antimicrobial-resistant pathogens: Outlook 2018–2022, Nat. 
Prod. Rep., 2023(40):1153-1157 

[6] Weber M., Steinle H., Golombek S., Hann L., Schlensak C., Wendel H.P., et Avci-Adali M. (2018). Blood-contacting 
biomaterials: In vitro evaluation of the hemocompatibility. Frontiers in Bioengineering and Biotechnology, 6:99.  

[7] Sæbø I.P., Bjørås M., Franzyk H., Helgesen E., et Booth J. A. (2023). Optimization of the Hemolysis Assay for the 
Assessment of Cytotoxicity. International Journal of Molecular Sciences, 24(3).  

[8] Richard K.K., Zinzendorf Y.N., Gouéh G., Philippe S.K., Calixte B., Adama C. (2017). Potentialités bioactives et 
activité antidermatophytique superficielle d’extraits de Combretum racemosum P. Beauv. (Combretaceae). 
Afrique Science, 13(5) (2017) 29 – 42. 

[9] Dah-N. D., Chokki M., Hoteyi I. M. S., Fassinou F., Ranga F., Fetea F., Diaconeasa Z., Vodnar D., Furdui B., Baba-
Moussa F., Dinica R. M., Suharoschi R. et Baba-M. L. (2024). Pharmaco-logical property and cytotoxic effect 
showing antiproliferative potency in human melanoma cell lines (A375) of Combretum racemosum P. Beauv. Leaf 
and root extracts used in Benin. Antioxidants, 13, 31. 

[10] Eze, J.I., Anosa, G.N., Ozota, C.A. In vitro and in vivo trypanocidal activity of Combretum racemosum leaves (2012). 
African Journal of Biotechnoly, 11, 10611–10616. 

[11] Babatunde S.B., Moyinoluwa, O.O., Oluwatosin, A., Eigege, W., Shreyyans, K. Bioguided. (2014). Isolation of an 
antioxidant compound from Combretum racemosum P. Beav. leaf. International Journal of Biology and Chemical 
Sciences, 6, 2339–2346.  

[12] Schepetkin, I.A.; Kouakou, K.; Yapi, A.; Kirpotina, L.N.; Jutila, M.A.; Quinn, M.T. (2013) Immunomodulatory and 
hemagglutinating activities of acidic polysaccharides isolated from Combretum racemosum. International 
Immunopharmacology, 15, 628–637. 

[13] Onocha P.A., Audu E.O., Ekundayo O., Dosumu, O.O (2005). Phytochemical and antimi-crobial properties of 
extracts of Combretum racemosum. Acta Hortic, 675, 97–101. 

[14] Zirihi G. N. et Kra A. K. M. (2003). Evaluation de l’activité antifongique de Microglossa Pirifolia (Lamarck) O. 
Kuntze (Asteraceae) «Pymi» sur la croissance in-vitro de Candida albicans. Revue de Médecine et Pharmacie 
Afrique, 17 : 11-19. 

[15] Ackah J.A.A.B, Kra A.M., Zirihi G.N. et Guédé-G. F. (2008). Evaluation de l’activité antifongique de tekam, un extrait 
de plante, sur la croissance in vitro de Candida albicans. Revue Ivoirienne Sciences Technologies, 11 : 119-129. 

[16] Diaha K. H. (1999). Epidemiosurveillance de la résistance aux antibiotiques de l’écosystème Bactérien à Abidjan 
en 1997. Thèse en Médecine n°2259/99. UFR des Sciences Médicales, Université de Cocody Abidjan, 196p. 



GSC Advanced Research and Reviews, 2025, 25(02), 234–243 

243 

[17] Gothe S.R., Pawade U.V., Nikam A.V. et A.M.P. (2023). OECD guidelines for acute oral toxicity studies: An overview. 
International Journal of Research in Ayurveda and Pharmacy; 14(4): 137-140.  

[18] Goh Bi L.A., Toto N.K., Zahoui O.S., Kassi Y., Nene Bi, S.A., et Traoré F. (2024). Acute and subacute toxicity 
assessment of an aqueous extract of Crotalaria retusa (Fabaceae) in Swiss mice and Wistar rats. Journal of Drug 
Delivery and Therapeutics, 11(6). 

[19] Saleem N., Lashari M.H., Ahmad H.I., Tahreem S., Almutairi M.H. et Ahmed S. (2025). Hematological changes in 
the blood of experimental male and female albino rats on exposure to dimethoate pesticides. PLoS ONE. ; 20(5): 
e0321848. 

[20] Van V.A., Smith T. D., et Liu Y. (2024). Evaluation de méthodes automatisées pour la mesure de l’hémoglobine 
dans le sang de rat : comparaison entre méthode cyanéméthoglobinée modifiée et analyseur d’hématologie. 
Journal of Animal Toxicology, 15(2):123-130. 

[21] Dubois L., Martins A., Yao S. et Tschumi L. (2025). Advanced hematology analyzer cali bration and indices 
accuracy in rodent studies. Laboratory Animal Science, 42(1) : 22-30. 

[22] Dudday V.V., Sunkara S.S., Akkiraju S., Somasekhar R.K., Ramavath M.N. et Onamala Varalakshmi (2023). Plant-
derived selected bioactive saponins and tannins : An Overview. Revue récente mettant en évidence comment 
tanins et saponines restent extractibles avec solvants modérés, et les activités biologiques associées. 15(4): 623-
635. 

[23] Masyita A., Mustika S.R., Dwi A.A., Yasir B., Rahma R.N., Emran T.B., Nainu F., Simal-G.J. (2022). Terpenes and 
terpenoids as main bioactive compounds of essential oils, their roles in human health and potential application 
as natural food preservatives. Food Chem X. 19 (13):100217.  

[24] Okoye F.B.C., Ajaghaku, D.L., Ilodigwe E.E. et Esimone C.O. (2020). Antioxidant and diuretic activities of the 
ethanolic extract of Combretum racemosum leaves on albino rats. Journal of Medicinal Plant Research, 14(2), 65-
72. 

[25] Barcellini W. et Fattizo B. (2015). Clinical Applications of Hemolytic Markers in the Differential Diagnosis and 
Management of Hemolytic Anemia. Journal of Clinical Medicine, 2015(635670) : 1-7. 

[26] Dah-N., D., Chokki, M., Hoteyi I.M.S., Fassinou F., Ranga F., Fetea F., Vodnar D., Furdui B., Baba-M.F., Dinică R.M., 
Suharoschi R. et Baba-M., L. (2023). Pharmacological property and cytotoxic effect showing antiproliferative 
potency in human melanoma cell lines (A375) of Combretum racemosum P. Beauv. leaf and root extracts. 
Antioxidants, 13(1), 31. 

[27] Paarvanova B., Tacheva B., Savova G., Karabaliev M. et Georgieva R. (2023). Hemolysis by saponin is accelerated 
at hypertonic conditions. Molecules. 28(20): 7096.  

[28] Taychaworaditsakul W., Saenjum C., Lumjuan N., Chawansuntati K., Sawong S., Jaijoy K., Na Takuathung M. et 
Sireeratawong S. (2024). Safety of oral Carica papaya L. Leaf 10% ethanolic extract for acute and chronic toxicity 
tests in Sprague Dawley rats. Toxics. ; 12(3):198.  

[29] Shuaib A., Mohammed H. et Adegbite A. (2023). Terpenoids and steroids as natural antioxidants protecting 
erythrocytes against oxidative hemolysis: Evidence from in vivo and in vitro studies. Biomedicine & 
Pharmacotherapy, 162, 114514.  

[30] Akinmoladun F.O., Komolafe T.R., Farombi O.E. et Olaleye T.M. (2020). Protective effects of Azadirachta indica 
ethanolic leaf extract against oxidative damage in human erythrocytes. Journal of Ethnopharmacology, 259, 
112945.  

[31] Elizondo-L., J. H., Quintanilla-L., R., Castillo-H., S. L., Sánchez-G., E., Bautista-V., M., González-M.G.M., Gloria-G.M.A., 
Rodríguez-L.O.E., Kluz M.I. et Kačániová M. (2024). In vitro evaluation of anti-hemolytic and cytotoxic effects of 
traditional mexican medicinal plant extracts on human erythrocytes and cell cultures. Life (Basel), 
18;14(9):1176.  

[32] Złotek U., Świeca M. et Jakubczyk A. (2021). In vitro investigation of antioxidant and antihemolytic activities of 
three Lamiaceae species. Beni-Suef University Journal of Basic and Applied Sciences, 10(1):116.  

[33] Kołodziejczyk-C.J. et Nowak P. (2022). Polyphenolic extracts as erythrocyte membrane stabilizers under 
oxidative stress. Oxidative Medicine and Cellular Longevity, 2022: 9501125.  

[34] Zhang Y., Wang X., Wang H. et Liu H. (2023). Ginseng total saponins improve red blood cell oxidative stress injury 
by regulating tyrosine phosphorylation and glycolysis. Frontiers in Pharmacology, 14 : 1178895.   


