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ABSTRACT 
 

Aims: To deepen the toxicological investigation of Drepanoalpha®, a poly-herbal formula used for 
its antisickling and radical scavenging properties in Congolese traditional medicine. 
Study Design:   To evaluate lethality, biochemical alterations, behavioral disturbances in guinea-
pigs orally given increasing doses of Drepanoalpha® aqueous extracts. 
Place and Duration of Study:  Faculty of Medicine and Pharmacy, Official University of Bukavu, 
Bukavu, DR Congo, between June to December 2015. 
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Methodology:  The extracts were prepared as aqueous decoctions of Drepanoalpha powder. 
Animals were set to groups of 3 animals each. The doses varied from 250 mg to 16000 mg/kg 
body weight. Acute toxicity had to be estimated by LD50. Sub-acute toxicity was carried out by 
giving fractionated doses of Drepanoalpha extract during 2 weeks. Changes in blood biomarkers 
and behavioral signs were evaluated from baseline values of control untreated animals. 
Results:  Up to 16000 mg/kg, no death was recorded in acute toxicity. Thus, LD50 was not 
calculated. No significant changes in animals behavioral were observed during sub-acute testing. 
Instead, body weight gain, blood cell counts increase, BUN and ALT decrease, no change in 
serum creatinine were noted.  
Conclusion:  The findings comfort the safety of Drepanoalpha as found previously studies in rats. 
 

 
Keywords: Drepanocytosis; Drepanoalpha®; acute toxicity; blood biomarkers; guinea-pigs. 
 
1. INTRODUCTION  
 
A large proportion of populations in many 
developing countries rely heavily on traditional 
practitioners and herbal plants to meet their 
primary healthcare needs [1]. The World Health 
Organization (WHO) estimates that 70 to 80% of 
the people in developing countries use traditional 
medicine as a major source of health care. So, 
herbal drugs have received greater attention as 
an alternative to clinical therapy and the demand 
for these herbal remedies has greatly increased 
recently. Indeed, medicinal plants have been 
used for years in daily life to treat diseases all 
over the world and still remain the basis for 
development of modern drugs [2-15]. Nowadays, 
researches about traditional knowledge on 
medicinal plants use have provided a lot of 
important drugs [2-4,8]. 
  
However, many people underestimate the toxicity 
of natural products and cannot realize that these 
agents could be as toxic as (or more than) 
synthetic drugs. Despite the usage of plants in 
folk medicine over ages, it is only lately that 
pharmacological and toxicological studies begun 
gaining attention from scientists [16-24]. Many 
plants have been reported to be toxic to both 
humans and animals [16-24]. Thus, the 
assurance of safety, efficacy and quality of 
herbal products has become a key issue for the 
WHO [22-24].  
 
The Democratic Republic of the Congo (DRC) 
harbors almost 47% of African tropical forests 
and more than 80% of its population relies on 
medicinal plants for the treatment of various 
diseases among which sickle cell disease (SCD) 
also called drepanocytosis, a genetic blood 
disorder arising from a mutation in the ß-globin 
gene that leads to the replacement of glutamic 
acid residue by valine at the sixth position of the 
ß-chain of hemoglobin [6,7,13]. Up to 2% of the 

Congolese population is affected by this chronic 
disease [6,12]. Our research team has identified 
around 100 medicinal plants used by traditional 
healers to manage SCD [6,7,24-30]. A bio-
guided based plants selection led the team to the 
formulation of Drepanoalpha®.  This poly-herbal 
formula is produced from most active composed 
of a mixture of polyphenols and anthocyanins 
from edible plants previously described [13,26-
29] and is taken three times daily for the 
treatment of SCD mainly in children. 
Drepanoalpha® has shown anti-sickling, anti-
hemolytic, anti-radical and antioxidant activities 
in vitro. It also showed the capacity to increase 
red blood cells, hemoglobin build up rate, 
platelets and white blood cells counts in rats [31]. 
The present study was undertaken to complete 
toxicological investigations (acute and sub-
chronic toxicities) in other animal species than 
rats, and guinea-pigs were selected for the 
purpose. 
 

2. MATERIALS AND METHODS  
 

2.1 Preparation of Drepanoalpha ® 
Decoctions  

 

Each aliquot of 100 g of powder was soaked in 
500 mL of distilled water in a flask and the 
mixture was kept boiling for 15 min. After cooling, 
the extract was filtered through cotton wool and 
kept in a clean sealed flask. The filtrate was 
concentrated by evaporation on a hot plate and 
then placed in oven at 50°C for 24 h to make a 
dry extract. The residue was retaken with 
physiological saline solution to make different 
concentrations for oral administration. Unless 
used the same day, solutions were conserved at 
4°C for further studies.  
 

2.2 Animals  
 
Male and female guinea-pigs, aged 2 to 4 
months old and weighing 300 to 410 g were 
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chosen for this experiment. These animals were 
kept in the animal boundary of the Faculty of 
Medicine and Pharmacy of the Official University 
of Bukavu (UOB), prepared and used according 
to the standards required for experiment on 
laboratory animals [32]. 
 
2.3 Toxicological Studies 
 
2.3.1 Acute toxicity (LD50)  
 
Healthy animals were randomly assigned into 
groups of 3 animals each, and were given the 
extracts by feeding cannula at increasing doses 
with 2n progression from 250 mg to a maximal 
limit of 16000 mg/kg BW. The animals were then 
observed for 96 h. Behavior signs were recorded 
and the number of deaths in each group was 
counted to estimate the LD50 graphically by 
Probit analysis [9]. 
 

2.3.2 Sub-acute toxicity  
 
The animals were divided into three groups of 3 
animals each according to their body weight. The 
doses to be administered are generally 
calculated following arithmetic progression such 
that the latter experimental group receives 1/10 
of the expected LD50 value [20]. In our case, 
each of test groups received the extract orally at 
800 mg, 1200 mg and 1600 mg/Kg twice a day 
for 21 days. The fourth group was constituted 
with control animals which received only 
physiological saline each day. Animals had freely 
access to water and adequate food. 
 

2.3.3 Biochemical analysis  
 
At the end of observation, the survival animals 
were sacrificed and blood samples were 
collected for the determination of biomarkers. 
White blood cells (WBC) and Red blood          
cells (RBC) counts were determined by 
hematocytometer method using Türck’s solution 
and saline solution [33,34]. Blood urea nitrogen 
(BUN) was measured by Berthelot colorimetric 
method [33]. The determination of creatinine was 
made by the method of Jaffe using picric              
acid and NaOH 0.4 mol/L [35]. Alanine 
aminotransferase (ALT) and Aspartate 
aminotransferase (AST) were assayed with 
Emekyn SGOT (AST) and Emekyn SGPT (ALT) 
Kits Biovision. 
 

2.3.4 Behavioral manifestation  
 
The animals were observed and behavioral 
manifestations were noted to detect any 
abnormal signs. 

2.4 Statistical Analysis  
 
Differences between test groups and control 
groups were statistically compared using 
Windows Excel statistics tool by Independent 
Sample t-test and one-way ANOVA at the 
significance of 95% confidence level. The results 
are presented as mean ± standard deviation. 

 

3. RESULTS AND DISCUSSION 
 
3.1 Evaluation of Acute and Sub-acute 

Toxicity 
 
Table 1 gives the result of oral acute test in 
guinea-pigs treated with Drepanoalpha® extracts 
while Table 2 shows behavioral changes during 
both the acute and sub-acute testing. As shown, 
no death or significant behavioral changes 
occurred up to the dose of 16000 mg/kg. This 
suggests that Drepanoalpha® formula is 
relatively harmless at single dose according to 
Hodge and Sterner classification [24].  In toxicity 
rating by joint FAO/WHO Expert Committee on 
Food Additives [22], if at 2 g/kg oral dose no 
death occurred, it is sufficient to assume the 
substance to be relatively non-toxic. LD50 could 
not be determined. This result is consistent with 
our preceding findings on acute toxicity of 
Drepanoalpha® in Wistar albino rats [31]. In that 
study, the acute toxicity assessment revealed 
that the medium lethal dose (LD50) was higher 
than 4000 mg/kg. These results indicate that 
Drepanoalpha® formula has high safety margin 
through oral route which allows the use of this 
poly-herbal as nutraceutical in the management 
of sickle cell disease in humans.   
 

By principle, short-term repeated dosing tests (1-
4 weeks) are performed to obtain information on 
the toxicity of a substance after repeated 
administration and are generally required for the 
successful design of sub-chronic studies.  The 
major objective of short-term studies is to 
determine adverse effects at low doses, dose 
response, and sometimes to identify target 
organs [36-39]. During the sub-acute toxicity test 
in this experiment, it has been observed only a 
kind of hypoactivity at high doses in some 
animals, and a mean increase of about 
5.60±0.98% of body weight in both control and 
treated groups. There was however a higher 
increase in treated animals compared to control 
group (p<0.05). The increase in animals’            
weight confirmed the nutritional potential of 
drepanoalpha® as nutraceutical in the 
management of sickle cell anemia. Children with 
SCD often have nutritional problems particularly 
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in Africa; this generally leads to a low weight as 
compared to normal children. The mechanism by 
which Drepanoalpha® increases body weight is 
unknown, but it may be suggested that it might 
stimulate appetite, increase absorption and 
utilization of food nutrients. Reduction in body 
weight gain and internal organ weights would be 
an indicative simple and sensitive sign of toxicity 
after exposure to a toxic substance [16-21,        
36-39]. 
 

3.2 Evaluation of Changes in Blood 
Biomarkers 

 

Results presented in Table 3 show that 
Drepanoalpha® significantly increased blood 
cells counts (RBC and WBC) in animals given 
doses bigger than 2000 mg/kg (p<0.05). This 
result is consistent with the observation in Wistar 
albino rats [31]. Moreover, a recent study on 
nutritional value of Drepanoalpha® showed that 
this nutraceutical contains many micronutrients 
(e.g. Fe, Zn, Ca) and good amount of proteins 
(unpublished results). These elements also can 
contribute to the increase of hemoglobin and 
RBC levels. BUN decreased significantly at high 

doses, AST increased while ALT was decreasing 
(Fig. 1). 
 
Drepanoalpha® is not toxic towards immune 
cells. Rather it would strengthen immunity. This 
could be very important for sickle cell disease 
patients who are very fragile and susceptible to 
infections [6,25-30]. Serum creatinine level is a 
good indicator of renal function since any 
elevation of serum levels is associated to a 
marked failure of nephron function [39]. Serum 
ALT activity is a highly sensitive biomarker of 
hepatotoxicity, but slight elevations are often 
observed in rodents in the absence of correlative 
liver histomorphologic damages suggesting false 
positive or potentially prodromal signals [40]. 
When liver cell cytoplasmic membranes are 
damaged, a variety of enzymes normally located 
in the cytosol or membrane bound enzymes such 
as ALP are released into the blood stream. Their 
measurement provides information on liver 
function and extrahepatic bile obstruction and 
intrahepatic cholestasis [31]. No changes or 
slight decreases reveal the safety profile of 
Drepanoalpha on the liver and renal function.

 
Table 1. Acute toxicity test of Drepanoalpha formul a in guinea-pigs in 96 hrs of observation 

 
Group  Number of animals  Dose (mg/Kg bw)  Number of deaths  Percentage of deaths  
Control  3 0 0 0 
Group 1 3 250 0 0 
Group 2 3 500 0 0 
Group 3 3 1000 0 0 
Group 4 3 2000 0 0 
Group 5 3 4000 0 0 
Group 6 3 8000 0 0 
Group 7 3 16000 0 0 

 
Table 2. Behavioral changes in acute and sub-acute toxicity test of Drepanoalpha in guinea 

pigs 
 
Intoxication signs  Acute test doses (mg/kg BW ) Sub-acute test doses 

(mg/kg BW) 
0 250 500 1000 2000 4000 8000 16000 800 1200 1600 

Pilosity modification   - - - - - - - - - - - 
Change eyes color - - - - - - - - - - - 
Breathing difficulty - - - - - - - - - - - 
Hypoactivity  - - - - - + + + - - - 
Blood in urine - - - - - - - - - - - 
Diarrhea  - - - - - - - - - - - 
Vomiting - - - - - - - - - - - 
Convulsion and coma - - - - - - - - - - - 
Legend: Positive sign (+), Negative sign (-). In acute toxicity a single dose is give; in sub-acute test the dose is 

given twice a day for two weeks 
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 Table 3. Body weight gain in guinea pigs treated wi th Drepanoalpha formula during 12 days  
 
Group  Animals  Daily dose  

(mg/kg) 
Mean body weight (g)  

Before treatment  After treatment  Mean change  % change  
Control  3 0 313 326 +13 4.15 
Group 1 3 8000 bid 317 337 +20 6.31* 
Group 2 3 12000 bid 345 366 +21 6.09* 
Group 3 3 16000 bid 410 434 +24 5.85* 

*p-value=0.003 significantly different from control group 
 

Table 4. Changes in blood biomarkers in guinea-pigs  treated with Drepanoalpha poly-herbal 
 
Group  
(dose mg/kg) 

WBC 
(WBC/µL) 

RBC 
(x109/L) 

Creatinine  
(mg/dL) 

BUN 
(mg/dL) 

AST  
(U/L) 

ALT  
(U/L) 

Control (0) 2200±163 4.0±0.3 2.5±0.3 54.6±1.5 14.9±2.1 40.7±6.9 
Group 1 (250)   1866±249†     4.3±0.3 2.2±0.6           66.5±4.0      16.4±1.0     33.6±14.4 
Group 2 (500)      2000±163†     3.1±0.7         2.3±0.9           56.0±3.5 16.5±1.8     29.5±11.1 
Group 3 (1000)    3000±711*     4.3±0.1 4.5±1.6* 62.6±5.7 26.6±3.2* 38.0±5.5 
Group 4 (2000) 4400±565*   3.7±0.5         4.2±1.0* 58.9±3.5 41.7±1.2*    35.5±17.1 
Group 5 (4000) 4133±771* 6.5±1.1* 2.7±0.4           27.6±5.2† 67.9±1.2*     38.2±2.9 
Group 6 (8000) 3133±188*    8.1±1.1*         2.5±0.3 29.1±5.1† 55.8±11.4*   26.5±3.3† 
Group 7 (16000) 5533±340* 7.7±1.5*         2.4±0.1 28.1±4.3† 63.9±11.0*     24.2±3.4† 

Legend: †significant reduction from control; *significant increase from control 
 

 
 

Fig. 1. Tendencies as mean values for blood biomark ers change at different doses 
  
4. CONCLUSION 
 

The acute and sub-acute oral toxicity studies of 
the aqueous extract of Drepanoalpha® in 
guinea-pig did not show any mortality up to the 
dose of 16000 mg/kg during the treatment and 
observational periods of 12 days. These results 
suggested that the oral administration of this 
poly-herbal does not induce any toxic effects and 

gives assurance for its use. Body weight 
increase of treated animals suggests nutritional 
potential of this poly-herbal formulation. Further 
study is needed to evaluate its chronic toxicity. 
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