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Abstract: There is a steady rise in human consumption of herbal mixtures, particularly in developing 

countries.  This has led to the constant demand for safety evaluation of herbal mixtures by regulatory 

bodies. Here, the fruit fly, Drosophila melanogaster was used for the safety evaluation of Ruzu Herbal 

Bitters, a polyherbal mixture. Firstly, 14 days of survival followed by longevity studies were carried 

out on flies treated with Ruzu (0, 20, 40, and 60 µL/g diet). Then a similar treatment was carried out for 

5 days to assess selected biochemical markers. The results showed no significant effect was noticed on 

the survival rate of the fruit fly. Long-term exposure showed that Ruzu (40 µL/g diet) increased the 

lifespan of flies by 6%, while 60 µL/g diet reduced their lifespan by 13%. Ruzu Herbal bitters did not 

alter the negative geotaxis, acetylcholinesterase, and glutathione-S-transferase activities in flies. Nitric 

oxide level was unaffected, except at an extreme concentration of 60 µL/g diet. Moreover, Ruzu (20 

µL/g diet) significantly increased the total thiol level. The glucose level was also significantly reduced. 

Our data thus suggest that short term consumption of moderate doses of Ruzu Herbal Bitters might be 

safe for oral consumption. The hypoglycaemic property observed here may imply that it might be used 

as an antidiabetic drug.  
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1. Introduction 

Herbal mixtures are parts of plants extracted with appropriate solvents like water or 

ethanol. Despite the accessibility of contemporary drugs, plants are still being used globally as 

medicines [1,2]. Additionally, about 80% of people in developing nations still rely on herbal 

drugs [3,4]. Furthermore, in countries like Nigeria, plant-based drugs are normally sold as 

herbal bitters with a characteristic sour taste [5].  

In Nigeria, Ruzu Herbal bitters are commonly used for the treatment of obesity, 

diabetes, arthritis, hypertension, and infertility. The main components are the root of Curculigo 

pilosa (Squirrel Groundnut), the stem of Uvaria chamae (Bush Banana), and the bark of 

Citrullus colocynthis (Bitter Apple or Desert Gourd) [6]. 
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There is an ongoing search for an appropriate and reliable model organism to assess the 

safety of herbal drugs [7]. In this context, Drosophila melanogaster (fruit fly) can be 

considered as a novel organism for the safety evaluation of herbal drugs [8] for several reasons. 

For instance, about 75% of human disease-causing genes have functional homology in 

Drosophila [9]. Drosophila is less expensive, easy to maintain, and has a short lifespan [10]. 

The fly also has fewer ethical restrictions compared with other models like rodents [11].  

Considering the global usage of herbal drugs [12,13], government agencies are 

confronted with the challenge of ensuring that they are safe for consumption [14].  In this study, 

therefore, we utilized D. melanogaster to evaluate the safety of Ruzu herbal bitters with respect 

to effects on longevity and selected toxicological markers. 

2. Materials and Methods 

2.1. Herbal mixtures. 

Ruzu Herbal bitters were purchased from a Community Pharmacy in Ibadan, Nigeria. 

Ruzu Herbal bitters are registered under The National Agency for Food and Drug 

Administration and Control (NAFDAC) with the Registration number A7-1102L. The active 

ingredients are the root of Curculigo pilosa (Squirrel Groundnut, 40% w/v), the stem of Uvaria 

chamae (Bush Banana, 20% w/v), and the bark of Citrullus colocynthis (Bitter apple or Desert 

Gourd, 40%w/v).  

2.2. Fly strain. 

The Harwich strain of D. melanogaster was maintained in Drosophila Laboratory, 

Department of Biochemistry, University of Ibadan, Nigeria at constant temperature and 

humidity (23+2oC; 60% relative humidity, respectively) under 12h dark/light cycle. The 

standard Drosophila medium used is composed of cornmeal (1% w/v), brewer’s yeast (2% 

w/v), agar, and nipagin (0.08%).  

2.3. Herbal mixture exposure, longevity, and survival assays. 

For longevity and survival assays, D. melanogaster (1-3 days old, with 30 flies per/vial 

per group, n=3) were starved for 4 hours prior to exposure to 20, 40, and 60 µL/g diets of Ruzu 

Herbal Bitters. The daily mortality was recorded and used to calculate the percentage of live 

flies [15,16].  

2.4. Behaviour (negative geotaxis) assay. 

This was carried out using the negative geotaxis assay, as previously described by 

Abolaji et al. [17,18].  Here, ten (10) flies from the control and treated groups were immobilized 

with ice as anesthesia and placed in labeled vertical glass columns. They were allowed to 

recover and gently tapped to the bottom of the column. The number of flies that climbed up to 

the 6 cm mark in 6 s and the flies below this mark was recorded and expressed as a percentage 

of the control.  

2.5. Sample preparation for selected toxicological markers. 

Flies were placed in four groups, with each group containing 1-3 days old fly, 30 

flies/vial, and starved for 4 hours before being exposed to Ruzu Herbal Bitters (0, 20, 40, and 
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60 µL/g diet) for 5 days. Then, flies were anesthetized in ice, weighed and homogenized in 0.1 

M phosphate buffer, pH 7.0 (1 mg: 10 µl), and centrifuged for 10 min at 4000g (4oC). Then, 

supernatants were separated and used to determine glutathione S-transferase and 

acetylcholinesterase activities as well as nitric oxide and total thiol levels. For the glucose 

assay, the flies were homogenized in glucose/trehalose buffer (5 mM Tris (pH 6.6), 2.7 mM 

KCl, 137 mM NaCl). The supernatant was then used for the determination of glucose level in 

the flies.  

2.6. Determination of total thiols. 

The total thiol level was determined based on the method of Ellman [19]. The reaction 

mixture was made up of 270 μL of 0.1 M of potassium phosphate buffer with a pH 7.4, 20 μL 

of the sample, and 10 μL of 10 mM 5,5'-dithiobis-(2-nitrobenzoic acid). This was followed by 

an incubation period of 30 min at room temperature. The absorbance was then measured at a 

wavelength of 412nm. The total thiol content was calculated using GSH as standard and 

expressed in μmol/mg protein. 

2.7. Determination of glutathione-S-transferase (GST) activity. 

The glutathione-S-transferase activity was determined with the method of Habig and 

Jakoby [20]. This involved the use of 1-chloro-2,4-dinitrobenzene (CDNB) as a substrate. The 

reaction mixture contained 190 µL of solution A (20 ml of 0.25 M phosphate buffer containing 

2.5 mM EDTA, 10.5 ml distilled water and 500 µL of 0.1 M GSH), 20 µL of sample, and 10 

µL of 25 mM CDNB. The mixture was mixed, and the absorbance was read at 340 nm for 5 

mins at 10 seconds interval. The data were then expressed in mmol/min/mg of protein using 

the molar extinction coefficient (ε) of 9.6 mM-1cm-1 for the colored GS– DNB conjugate 

formed by GST. 

2.8. Determination of acetylcholinesterase activity (AChE). 

The activity of acetylcholinesterase was determined using the method of Ellman et al. 

[21]. Briefly, the reaction mixture contained 135 μL of distilled water, 20 μL of 100 mM 

potassium phosphate buffer (pH 7.4), 20 μL of 10 mM DTNB, 5 μL of the sample, and 20 μL 

of 8 mM acetylthiocholine. The reaction was thereafter monitored at a wavelength of 412 nm 

for 5 min at 15 s intervals. The data were expressed in μmol/min/mg protein. 

2.9. Determination of nitric oxide level. 

The amount of nitrite in the homogenate was measured following the Griess reaction 

[22]. Fly homogenate (250 μl) was incubated with 250 ul of Griess reagent (0.1% N-(1-

naphthyl) ethylenediamine dihydrochloride; 1% sulfanilamide in 5% phosphoric acid; 1:1) at 

room temperature for 20 min. The absorbance was read at 550 nm in a spectrophotometer. The 

nitrite/nitrate concentration was calculated using sodium nitrite as standard. 

2.10. Determination of glucose level. 

Flies were homogenized in glucose/trehalose buffer (5 mM Tris (pH .6) 2.7 mM KCl, 

137 mM NaCl, to prevent pre-oxidation of the glucose. The homogenate was then centrifuged 

at 4000g for 10 mins. The glucose level was measured after incubation at 37oC for 25 min using 
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a Randox glucose kit and processed as per the manufacturer's instructions. Glucose 

concentration was calculated against the standard in mg/dl [23].  

2.11. Statistical analysis. 

Data were expressed as mean + standard deviation and analyzed using One-way 

ANOVA. A 95% confidence of (p < 0.05) was used to determine statistically significant 

differences between treated and control groups. 

3. Results and Discussion 

3.1. Results. 

3.1.1. Effects of ruzu herbal bitters on longevity, survival rate, and behavior of D. melanogaster 

exposed to ruzu herbal bitters for 5 days. 

Figure 1 shows the effects of Ruzu Herbal Biters on longevity and survival rate of D. 

melanogaster after 5 days of treatment. Ruzu Herbal bitters at a dose of 40 µL/g diet increased 

the lifespan of D. melanogaster by 6% compared to control (Figure 1A). There was no 

statistically significant difference in the survival rate of flies exposed to Ruzu Herbal Bitters 

for 14 days (Figure 1B, p > 0.05). 

Figure 2 shows the effects of Ruzu Herbal Bitters on the behavior of D. melanogaster 

after 5 days of treatment. There was no significant difference in the locomotive behavior 

(Figure 2A) and acetylcholinesterase activity (Figure 2B) of flies treated with Ruzu compared 

with the control (p > 0.05). 

 
Figure 1. Effects of Ruzu Herbal Bitters on the survival of D. melanogaster. Longevity (A) and 14 Days survival 

(B) of D. melanogaster treated with Ruzu Herbal Bitters for 5 days. Ruzu Herbal Biters (40 u/g diet) extends the 

lifespan of flies by 6%. There was no statistically significant difference between survival data of Ruzu-treated and 

control flies (p > 0.05). Data are expressed as mean + standard deviation, 30 flies per/vial, n=3) 

Control
Ruzu (20 µl/g diet)

Ruzu (40 µl/g diet)

Ruzu (60 µl/g diet)

+6%

-6%

-13%

A

B

Control

Ruzu (20 µl/g diet)
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Figure 2. Effects of Ruzu Herbal Bitters on the Behaviour of D. melanogaster. Negative geotaxis (A) and 

acetylcholinesterase activity (B) of D. melanogaster exposed to Ruzu Herbal Bitters for 5 days.  Data are 

expressed as mean + standard deviation with no significant difference compared with control, p > 0.05; 30 

flies/vial, n=3. 

3.1.2. Effects of ruzu herbal bitters on selected toxicological markers and glucose level of D. 

melanogaster. 

The effects of Ruzu Herbal Bitters on selected toxicological markers and glucose levels 

are shown in Figure 3. Ruzu Herbal Bitters at doses of 20 and 60 μL/g diets increased total 

thiol level compared with the control (Figure 3A, p < 0.05). The level of nitric oxide decreased 

in flies treated with Ruzu (60 μL/g diet). In addition, glucose level was lowered in flies exposed 

to Ruzu (20 μL/g diet, p < 0.05), while there was no change in the activity of GST in all the 

groups exposed to Ruzu (p > 0.05). 

 
Figure 3. Effects of Ruzu Herbal Bitters on selected toxicological markers in D. melanogaster. Levels of Total 

thiol (A), Nitric Oxide (B), and Glucose (C) as well as activity of GST (D) in D. melanogaster exposed to Ruzu 

Herbal Bitters for 5 days. Data are expressed as mean + standard deviation. *Indicates Significant difference 

compared with control at p < 0.05; n=3, 30 flies/vial. 
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3.2. Discussion. 

Since ancient times, plants have been used as sources of food and drugs [24]. Herbal 

mixtures have a global market of about 60 billion dollars [25]. Regulatory bodies are therefore 

faced with the challenge of ensuring that herbal drugs are safe for consumption irrespective of 

efficacy. This study was carried out to evaluate the safety assessment of Ruzu Herbal Bitters 

in D. melanogaster.  

The normal physiological activity of an organism is reflected in its behavior. The 

climbing activity (negative geotaxis) and acetylcholinesterase (AChE) activity coordinate the 

behavior of D. melanogaster [26]. Acetylcholinesterase catalyzes the breakdown of 

acetylcholine to acetate and choline. Acetylcholine participates in the regulation of locomotion, 

motor function, and memory [27]. Here, we found that Ruzu Herbal bitters did not significantly 

affect the behaviour and acetylcholinesterase activity of D. melanogaster, thus indicating that 

the behavior of the flies was not altered after exposure to the drug. 

We sought to understand the effects of Ruzu Herbal bitters on the antioxidant status 

and nitric oxide level of D. melanogaster. Toxicological markers such as glutathione S-

transferase (GST) activity and total thiols and nitric oxide levels are useful markers of accessing 

the general well-being of an organism. For instance, sulfhydryl (-SH) group in thiols-

containing compounds and proteins can easily conjugate with free radicals and electrophiles in 

order to inactivate and convert them into less harmful forms [28,29]. In addition, nitric oxide 

is a signaling molecule in numerous physiological processes, including immunity and neuronal 

activity in D. melanogaster [30]. The observation that Ruzu caused a boost in the total thiols 

level without affecting GST activity showed its beneficial effects in the flies.  

The fact that Ruzu significantly reduced glucose level showed that it has 

hypoglycaemic properties, which may be responsible for its wide usage as an antidiabetic 

herbal mixture [31]. 

4. Conclusions 

 A moderate dosage of Ruzu herbal bitters for a short term period did not have adverse 

effects with respect to the flies (Scheme 1). The polyherbal mixture also has hypoglycaemic 

properties. However, long-term consumption of high doses may have some adverse effects, as 

indicated by the longevity data.  

 
Scheme 1. Summary of safety assessment of Ruzu Herbal Bitters using D. melanogaster as a model. There were 

no adverse effects on the survival, behavior, and antioxidant status of D. melanogaster exposed to moderate doses 

of Ruzu Herbal Bitters. 
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