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Abstract 

This research investigated the antitrypanosomal effects of Zingiber officinale in rats infected with 

Trypanosoma brucei brucei. Twelve adult rats, 7 weeks old and of both sexes, were randomly divided 

into six groups (1 through 6), with each group consisting of two rats. All six groups (1–6) were 

intraperitoneally injected with 0.1 ml of blood containing 10⁶ Trypanosomes/ml. Groups 1–4 received 

daily intraperitoneal doses of the plant extract at concentrations of 0.01, 0.1, 1.0, and 10 mg/ml/kg 

body weight, respectively. Group 5 was administered suramin, a standard anti-trypanosomal drug, at 

a dose of 7.86 mg/kg, serving as the positive control, while Group 6 remained untreated, acting as the 

negative control. Treatments were initiated four days after infection. The study evaluated physical and 

behavioral changes, along with hematological parameters. Phytochemical analysis revealed that 

Zingiber officinale contains saponins, tannins, glycosides, terpenoids, steroids, alkaloids, and 

flavonoids as major components. Acute toxicity tests suggested the plant is relatively safe. Rats 

treated with the plant extract displayed mild mucous membrane pallor, poor body condition, fever, 

lacrimation, aggression, and increased food intake. Furthermore, a significant reduction in mean 

PCV, Hgb, RBC, MCV, MCH, and MCHC values was observed in all groups treated with the extract 

compared to the suramin-treated group (P < 0.05).The study concluded that Zingiber officinale 

contains essential phytochemicals and bioactive compounds that are relatively safe and possess 

potent trypanocidal properties, making it a potential candidate for the treatment of trypanosomiasis 
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INTRODUCTION 

Trypanosomiasis is a chronic protozoal disease that impacts both domestic and wild animals, with a 
high morbidity rate ranging from 50% to 100% within months of exposure, especially when factors, 
such as poor nutrition or other debilitating conditions are present. The disease is marked by severe 
anemia, poor body condition, fever, pale mucous membranes, weight loss, infertility, and abortion, 
ultimately resulting in death during its acute phase. Trypanosome infections are known to suppress the 
immune system, hindering the host’s ability to eliminate the parasites and leading to severe illness in 
humans, as well as significant losses in meat and milk production in animals. Efforts to control 

trypanosomiasis are estimated to cost between 
$600 million and $1.2 billion annually [1]. Over 60 
million people are estimated to be at risk of 
trypanosomiasis, with only 3.5 million under 
surveillance in endemic regions. The management 
of the disease primarily relies on vector control, 
vaccine development, and drug treatments [2]. 
However, vaccine production is largely ineffective 
due to the parasite’s antigenic variation, vector 
control strategies face numerous challenges, and 
drug therapies often result in significant side 
effects. These include direct toxicity to the liver 
and kidneys, fatal loss of consciousness during 
initial administration, heavy albuminuria, oral 
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ulcers, exfoliative dermatitis, severe diarrhea, and fever [3]. 
 

These challenges underscore the urgent need for alternative treatments, particularly those derived 

from plants with antitrypanosomal potential [4]. Zingiber officinale has been widely used in 

traditional medicine, attributed to its rich bioactive compounds, including saponins, tannins, alkaloids, 

diisooctyl adipate, and benzene. These compounds are increasingly valued for their potency and 

diverse pharmacological properties, especially given the high cost and limited availability of 

conventional drugs in rural areas, as well as the growing issue of drug resistance. This study aims to 

identify the bioactive compounds in Zingiber officinale and evaluate their antitrypanosomal activity 

[5]. 

 

MATERIALS AND METHODS  

Ethical Approval 

All experimental procedures were carried out in full accordance with the guidelines set by the 

Ethical Committee for Animal Use at Bayero University, Kano, Nigeria [6]. 

 

Plant Material  

The rhizome of Zingiber officinale was authenticated at the Herbarium of the Department of Plant 

Science, Bayero University, Kano, Nigeria. The plant material was carefully cleaned, ground, and air-

dried at room temperature for seven days. It was then stored in a clean, dry container to protect it from 

contamination by environmental pathogens [7, 8]. 

 

Extraction and Phytochemical Screenings  

The plant powder was extracted using the cold maceration technique with methanol. A total of 300 

g of the powdered plant material was measured and mixed with 900 ml of methanol, maintaining a 1:3 
ratio of plant powder to solvent. The mixture was allowed to stand for 48 hours with intermittent 

shaking. It was then filtered using muslin cloth and the filtrate was evaporated in a water bath set at 
40°C. Phytochemical screening was performed using standard methods to identify the presence of 

saponins, tannins, glycosides, terpenoids, steroids, alkaloids, and flavonoids [9, 10]. 

 

Determination of Acute Lethal Toxicity (LD50) 

The Acute Lethal Toxicity (LD50) was assessed using a specific protocol involving 12 rats across 
two phases. During the first phase, nine rats were randomly divided into three groups, each consisting 

of 3 animals, and administered the plant extract orally at doses of 10 mg/kg, 100 mg/kg, and 1000 
mg/kg, respectively. In the second phase, three additional rats were randomly assigned to three 

groups, each with a single animal, and received oral doses of 1600 mg/kg, 2900 mg/kg, and 5000 
mg/kg, respectively [11, 12]. 

 

Parasite Inoculation  

Each experimental rat was intraperitonially infected with 0.1 ml of blood containing approximately 
106 Trypanosomes/ml [13]. 

 

Experimental Design 

This study utilized 12 adult rats, approximately 7 weeks old, weighing between 140 and 200 g. The 
animals were obtained from the Animal House at the Department of Human Anatomy, Bayero 

University Kano, and allowed a 14-day acclimatization period in the research laboratory. 
Trypanosoma brucei brucei was sourced from the Nigerian Institute for Trypanosomiasis and 

Onchocerciasis Research. The rats were randomly divided into six groups (1 through 6), with each 

group consisting of two animals [14]. All groups were intraperitoneally infected with 0.1 ml of blood 
containing approximately 10⁶ Trypanosomes/ml. Treatment commenced on the fourth day, following 

the detection of parasites in the bloodstream via microscopy, and continued until the 14th day, by 
which time all animals in the untreated control group had succumbed. Groups 1–4 received daily 

intraperitoneal doses of the plant extract at concentrations of 0.01, 0.1, 1.0, and 10 mg/ml/kg body 
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weight, respectively. Group 5 was treated with a standard trypanosomal drug, suramin (7.86 mg/kg), 

as positive control, while Group 6, the negative control, was infected but received no treatment [15, 
16]. 

 

Monitoring Physical and Behavioral Changes and Determination 

of Hematological Parameters  
Physical and behavioral changes, including the condition of the mucous membranes, loss of 

condition, and aggression, were observed daily. Blood parameters, such as Packed Cell Volume 
(PCV), Red Blood Cell (RBC) count, Hemoglobin Concentration (Hgb), Mean Corpuscular Volume 

(MCV), Mean Corpuscular Hemoglobin (MCH), and Mean Corpuscular Hemoglobin Concentration 
(MCHC) were assessed using standard procedures [17, 18]. 

 

RESULTS 

Phytochemical Screening 

The phytochemical screening revealed the presence of saponins, Tanins, Glycosides, Terpenoids, 
Steroids, Alkaloids, and Flavonoids (Table 1).  

 
Table 1. Phytochemical constituents of Zingiber officinale. 

Indication Bioactive Compounds 

Saponins  Presence 

Tanins Presence 

Glycosides Presence 

Terpenoids Presence 

Steroids Presence 

Alkaloids  Presence 

Flavonoids Presence 

 
Acute Toxicity Test 

The overall acute toxicity outcome (LD50) is shown in Table 2. No animal died within 24 hours 
after treatment with the plant extract at dose levels up to 5000 mg/kg. 

 
Table 2. Acute toxicity effect of the experimental rats. 

Extract Experiment Dose 

(mg/kg 

Number of Animals 

Used 

Number of Animals 

Dead 

CME Phase 1 10 3 0 

100 3 0 

1000 3 0 

CME Phase 2 1600 1 0 

2900 1 0 

5000 1 0 

Note: CME = Crude methanol extract. 

 

Physical and Behavioral Changes  

The physical and behavioral changes observed included low pallor of the mucous membranes, loss 

of condition, pyrexia, lacrimation, aggression, and increased food consumption in Groups 1–5 (Table 
3). In contrast, the opposite of these symptoms was observed in Group 6. No signs of eye redness, 

alopecia, ringtail, or gangrene were noted in any of the experimental groups [19, 20]. 

 

Hematological Parameters  

The result of the hematological Indices indicated a significant decrease in mean PCV, Hgb, RBC, 

MCV, MCH, and MCHC in group 1, group 2, group 3, group 4, and group 6, when comparing with 

group 5 P-value <0.05 (Table 4) [21]. 
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Table 3. Physical and behavioral changes of experimental animals. 
Parameters  G1 G2 G3 G4 G5 G6 

Pallor of Mucous membrane + – – – – +++ 

Loss of conditions – – – – – +++ 

Pyrexia  – – + – – +++ 

Lacrimation – + – – – +++ 

Eye redness + – – + + + 

Aggression – – – ++ ++ – 

Alopecia – – – – – – 

Ringtail  – + – – – – 

Gangrene – – – – – – 

Food consumption ++ ++ +++ +++ +++ + 

Note: +++ = High, ++ = Moderate, + = Low, – = Absent. 

 

Table 4. Mean ± Standard error hematological indices of experimental animals. 
Parameters  G1 G2 G3 G4 G5 G6 P-value 

PCV (%) 28.5 ± 1.56 30.0 ± 0.0 32.75 ± 0.95 33.75 ± 0.25 36.0 ± 0.58 14.5 ± 0.29 ˂0.001 

Hgb (g/dL) 9.65 ± 0.59 12.9 ± 2.44 11.05 ± 0.29 11.15 ± 0.05 12.15 ± 0.14 4.7 ± 0.06 ˂0.001 

RBC (106/µL)  4.73 ± 0.11 4.85 ± 0.05 5.98 ± 0.1 5.18 ± 0.03 5.4 ± 0.14 2.85 ± 0.03 ˂0.001 

MCV (fl)  60.2 ± 1.89 62.89 ± 0.38 64.5 ± 0.69 63.72 ± 0.38 65.45 ± 0.38 50.8 ± 0.46 ˂0.001 

MCH (pg)  20.38 ± 0.75 21.48 ± 0.18 21.75 ± 0.15 21.25 ± 0.05 22.05 ± 0.03 16.5 ± 0.06 ˂0.001 

MCHC (g/dL) 33.83 ± 0.24 34.1 ± 0.1 33.73 ± 0.13 33.75 ± 0.15 33.73 ± 0.14 32.4 ± 0.23 ˂0.001 

 
Means are significantly different when P-value ˂0.05. 

 
DISCUSSIONS 

Phytochemical analysis of Zingiber officinale confirmed the presence of saponins, tannins, 
glycosides, terpenoids, steroids, alkaloids, and flavonoids. These findings are consistent with earlier 
studies that have reported similar results. Furthermore, research has attributed the trypanocidal 
activity of Zingiber officinale to the presence of tannins and steroids. This observation is consistent 
with other studies that identified and isolated tannins and steroids from Zingiber officinale extracts, 
further supporting their role in the plant’s biological activity. The findings from this study suggest that 
the presence of these phytochemicals may contribute to the trypanocidal activity of Zingiber 
officinale. It has been established that phytochemicals, such as tannins, saponins, and alkaloids, 
among others, are vital components of natural products with well-documented bioactive properties. 
The presence of these compounds strongly indicates the plant’s potential trypanocidal effects. 
Research has demonstrated that Zingiber officinale contains bioactive compounds, such as alkaloids, 
flavonoids, saponins, and tannins, which contribute to its trypanocidal properties. These compounds 
play a vital role in providing the plant with defense mechanisms against various parasites, including 
trypanosomes and other microorganisms. For instance, tannins coagulate cell wall proteins, saponins 
enhance the entry of toxic substances or cause leakage of essential cellular components, flavonoids 
inhibit enzyme activity by forming complexes with extracellular materials and soluble proteins, and 
alkaloids disrupt nucleic acid synthesis, interfere with DNA interactions, and inhibit protein 
biosynthesis. These mechanisms collectively explain the demonstrated trypanocidal effects of the 
plant. The results of the acute toxicity test (LD50) revealed that the Zingiber officinale extract did not 
cause any mortality when administered orally at doses of up to 5000 mg/kg. This indicates that the 
extract is relatively non-toxic to rats. These findings are consistent with previous studies, which have 
characterized the extract as a safe and effective herbal remedy, exhibiting minimal and insignificant 
side effects [22]. 

 

The observed physical and behavioral changes align with previous reports that identified symptoms 

of trypanosomiasis, including weight loss, fever, lacrimation, and pallor of the mucous membranes. 
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The trypanocidal activity of Zingiber officinale extract may be attributed to the action of specific 

compounds isolated from the extract or the synergistic effects of various classes of compounds 

contributing to its biological activity. For instance, tannins coagulate the wall proteins of 

trypanosomes, saponins enable the entry of toxic substances or leakage of vital cell components, 

flavonoids inhibit enzymatic activity by forming complexes with extracellular materials and soluble 

proteins, and alkaloids disrupt nucleic acid synthesis, DNA interaction, and protein biosynthesis. 

Similarly, compounds, like hexadecanoic acid, dodecanoic acid, benzene, cycloheptatriene, and 

isopropanol, have been reported to exhibit trypanocidal effects against various trypanosome species 

[23]. 

 

Additionally, anemia serves as a common and reliable indicator of trypanosomiasis, with its 

severity reflecting the extent of infection. Groups 1 through 5 showed no signs of anemia, as their red 

blood cell parameters (PCV, Hgb, RBC, MCV, MCH, and MCHC) remained within the normal range. 

In contrast, Group 6 exhibited significantly lower red cell parameters, as these animals were 

untreated. The absence of treatment in this group led to continuous oxidative damage to red blood 

cells, parasite movement in the bloodstream, obstruction of blood flow, and the removal of red blood 

cells by the expanding mononuclear phagocytic system, resulting in anemia – a critical indicator of 

trypanosomiasis severity. 

 

CONCLUSIONS 

Zingiber officinale contains a wide range of essential phytochemical components, including 

tannins, saponins, flavonoids, and alkaloids, as well as other bioactive compounds, which collectively 

contribute to its trypanocidal properties. These compounds exhibit various mechanisms of action, 

such as disrupting parasite cell structures, inhibiting enzyme activity, and interfering with nucleic acid 

synthesis, making the plant an effective agent against trypanosomes. Furthermore, studies have 

demonstrated that the extract is relatively safe, with minimal toxicity, and can be considered a potent 

natural remedy for the treatment of trypanosomiasis. Its bioactive properties and safety profile 

highlight its potential for therapeutic applications in combating parasitic infections. 
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