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Abstract 

Hyptis suaveolens, commonly known as "Pignut" or "Bushmint," is notable for its wide range of 
bioactive compounds and diverse pharmacological properties. The leaves of this plant are especially rich 
in phytochemicals that contribute to various beneficial pharmacological properties. One of the key 
properties of Hyptis suaveolens leaves is their ability to repel mosquitoes, making them a promising 
alternative source for controlling mosquito populations. The plant’s larvicidal and adulticidal 
properties offer potential in reducing the spread of malaria, a significant global health concern. This 
study focused on evaluating the phytochemical content, mosquito repellent effectiveness, and 
cytotoxicity of methanol extracts from Hyptis suaveolens leaves. Standard qualitative methods were 
used for phytochemical screening, and the repellent activity was assessed through a human-bait 
technique against female Anopheles mosquitoes. The phytochemical screening revealed the presence of 
steroids, flavonoids, alkaloids, cardiac glycosides, saponins, tannins, triterpenes, phenols and 
carbohydrates. The repellent activity of the leaf extract was tested in multiple concentrations (6.012, 
12.25, 25, 50, and 100 mg/mL), showing strong repellent effects with a complete protection time (CPT) 
ranging from 40 to 45 seconds against adult mosquitoes. Additionally, the extract exhibited notable 
toxicity against brine shrimp larvae, further supporting its potential as a natural insecticide. In 
conclusion, Hyptis suaveolens leaves contain a rich array of phytochemicals with both mosquito 
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repellent and toxicological properties. These findings provide a foundation for further exploration of the 
plant’s active compounds for their potential use in sustainable pest management. 
 
Keywords: Anopheles, Biting deterrence, Mosquito, Phytochemical, Repellence. 
 
 
INTRODUCTION 
Hyptis suaveolens, commonly referred to as "Pignut" or "Bushmint," is a plant widely 
recognized for its diverse range of bioactive compounds, which contribute to its therapeutic 
potential. The leaves of Hyptis suaveolens are particularly rich in essential oils, flavonoids, 
alkaloids, and phenolic compounds (Da Silva et al., 2015). These bioactive compounds are 
known to exhibit various biological activities, including antioxidant, antimicrobial, anti-
inflammatory, and insecticidal effects (Oladeji et al., 2017). 
 
Among the notable attributes of Hyptis suaveolens leaves is their ability to repel mosquitoes. 
Research has demonstrated that essential oils from these leaves are particularly effective in 
deterring mosquitoes, including Aedes aegypti and Anopheles stephensi, which are vectors of 
serious diseases like malaria, Zika virus, and dengue (Tennyson and Ravindran, 2016). The 
mosquito-repellent properties of these oils are largely due to specific compounds such as 
pulegone, 1,8-cineole, and limonene, which act as natural deterrents for mosquitoes 
(Govindarajan and Sivakumar, 2015). 
 
Exploring the phytochemical composition and mosquito repellent efficacy of Hyptis suaveolens 
is crucial for assessing its mosquito repellents potentials. Given the growing concerns over 
mosquito resistance to chemical repellents and the environmental impact of synthetic 
products, Hyptis suaveolens may offer an eco-friendly solution for sustainable mosquito 
control. Ongoing studies into the plant's bioactive components may lead to the development 
of more effective, plant-based repellents, with additional applications in pharmacology and 
plant-based therapeutics 
 
MATHODOLOGY 
Collection and Identification of Plant Species 
Hyptis suaveolens leaves were gathered in September 2023 from the Bayero University Kano 
old campus. The plant was identified and authenticated at the Herbarium of the Plant Biology 
Department, Bayero University Kano, where it was compared with a voucher specimen for 
verification. 
 
Preparation of Plant Extracts 
Fresh leaves of Hyptis suaveolens were thoroughly washed, air-dried, and then ground into a 
coarse powder using a grinding machine. The powdered leaves were stored in sealed 
containers until needed. To prepare the extract, 200 grams of the powdered leaves were 
soaked in 2 liters of methanol. The mixture was left at room temperature (28 ± 2°C) for three 
days, with hourly agitation. Afterward, the mixture was filtered through a muslin cloth, 
followed by filtration with Whatman No. 1 filter paper. The filtered liquid was then 
transferred into a clean evaporating dish and placed in a water bath at 50°C until all the 
solvent had evaporated, leaving behind the concentrated extract of the plant. 
 
Qualitative Phytochemical Screening of Methanolic Extract of Hyptis suaveolens Leaves 
The methanolic extract of the plant was tested for various phytochemical components using 
the methods outlined by Evans (2009). 
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Carbohydrates  
Molish's Test: To 1 ml of the filtrate, 1 ml of Molish's reagent was added in a test tube, followed 
by 1 ml of concentrated sulfuric acid added carefully to form a lower layer. The appearance 
of a reddish color at the interface indicated the presence of carbohydrates. 
 
Saponins  
Frothing Test: 10 ml of distilled water was added to a portion of the extract, which was then 
shaken vigorously for 30 seconds. The mixture was left to stand vertically for 30 minutes. The 
formation of persistent honeycomb froth for 10-15 minutes suggested the presence of 
saponins. 
 
Flavonoids  
Shinoda Test: A portion of the extract was dissolved in 1-2 ml of 50% methanol in the presence 
of heated metallic magnesium chips. A few drops of concentrated hydrochloric acid were 
added, and the appearance of a red color signified the presence of flavonoids. 
 
Alkaloids  
Wagner’s Test: A few drops of Wagner's reagent were added to a portion of the extract. The 
formation of a whitish precipitate indicated the presence of alkaloids. 
 
Steroids and Triterpenes  
Liebermann-Burchard Test: Equal volumes of acetic anhydride were added to a portion of 
the extract and mixed gently. Then, 1 ml of concentrated sulfuric acid was added down the 
side of the test tube to form a lower layer. A color change, observed immediately and later, 
indicated the presence of steroids and triterpenes. A red, pink, or purple color suggested 
triterpenes, while blue or blue-green indicated steroids. 
 
Cardiac Glycosides Test 
Keller-Killiani Test: A portion of the extract was dissolved in 1 ml of glacial acetic acid 
containing traces of ferric chloride solution. This was transferred to a dry test tube, and 1 ml 
of concentrated sulfuric acid was carefully added along the side of the test tube to form a 
lower layer. The formation of a purple-brown ring at the interface suggested the presence of 
deoxy sugars, and a pale green color in the upper acetic acid layer indicated the presence of 
cardiac glycosides. 
 
Tannins Test 
Ferric Chloride Test: 3-5 drops of ferric chloride solution were added to a portion of the 
extract. A greenish-black precipitate indicated condensed tannins, while a blue or brownish-
blue precipitate suggested the presence of hydrolysable tannins. 
 
Anthraquinones Test 
Borntrager's Test: To 5 ml of chloroform, a portion of the extract was added in a dry test tube 
and shaken for 5 minutes. The mixture was filtered, and the filtrate was shaken with an equal 
volume of 10% ammonium solution. A bright pink color in the aqueous upper layer indicated 
the presence of free anthraquinones. 
  
Repellent Activity of Hyptis suaveolens extract against Anopheles Mosquitoes 
The repellent activity of Hyptis suaveolens extract was tested against Anopheles mosquitoes 
using the human-bait technique (Fradin and Day, 2002). To prepare the test, 1 ml of Hyptis 
suaveolens extract was diluted in methanol to create concentrations of 2%, 4%, and 6%. In each 
trial, 20 disease-free, laboratory-reared female mosquitoes were placed in separate cages. 
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Before the test, volunteers’ arms were washed with unscented soap, and the extract was 
applied from the elbow to the fingertips. In each cage, one arm was treated with the extract 
for a given concentration, while the other arm, without any methanol, served as the control. 
To reduce bias, the treated and control arms were alternated between volunteers. Each 
concentration was tested five times, and for each trial, different volunteers were used to avoid 
any skin-specific effects. The protocol required volunteers to insert their treated and control 
arms alternately into the cage for 1 minute every 5 minutes. If they were not bitten within 20 
minutes, the procedure was repeated, with arm insertion for 1 minute every 15 minutes, until 
the first bite was detected. The percentage repellency was calculated using the following 
formula: 

% Repellency = (
Ta−Tb

Ta
) x 100%   

"Where Ta represents the number of mosquitoes observed in the control group, and Tb 
represents the number of mosquitoes observed in the treatment group. The Percentage 
Protection Time (CPT) was calculated using the formula provided below." 

% protection time (CPT) = 
No.of bited recieve by control arm−No.of bite recieved by treated arm 

No.of bites recieved by control arm 
 

 
Cytotoxicity Assay 
 
Hatching of Shrimp 
Brine shrimp eggs (Artemia salina) were hatched in seawater. After 48 hours of incubation at 
room temperature, the larvae were drawn to one side of the container by a light source and 
collected using a pipette. To separate the larvae from the unhatched eggs, the larvae were 
transferred into small beakers containing seawater, repeating the process three times (Ibrahim 
and Abdullahi, 2015). 
 
Brine Shrimp Lethality Assay 
The cytotoxicity of the extract was assessed using a brine shrimp lethality assay, based on a 
modified method from Lilybeth et al. (2013). The extract was dissolved in methanol at various 
concentrations, and the lethality was determined by counting the number of survivors after 
24 hours. The LC50 values were calculated using SPSS version 20. 
 
RESULTS 
The phytochemical analysis of the methanol extract of Hyptis suaveolens identified the presence 
of alkaloids, flavonoids, saponins, steroids, triterpenes, glycosides, tannins, phenols, and 
carbohydrates, while anthraquinones were not detected (Table 1). 
 
Table 1: Qualitative Phytochemical screening of methanolic extract of Hyptis suaveolens leaves 

Metabolite Inferences 

Alkaloid + 
Flavonoid + 
Saponins + 
Cardiac glycoside + 
Tannins + 
Steroid + 
Triterpenes + 
Phenol + 
Anthraquinones - 
Carbohydrate + 

 
The Table presents the results of a Brine Shrimp Lethality Assay (BSLA) performed with the 
methanol extract of Hyptis suaveolens leaves. The results indicate a dose-dependent toxic effect 
on the brine shrimp larvae. As the concentration of the extract increased (100 μg/mL and 1000 
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μg/mL), the mortality rate rose, reaching 100% at 1000 μg/mL. The LC50 value of 23.576 
μg/mL represents the concentration at which 50% of the brine shrimp larvae are expected to 
die, reflecting the toxicity of the extract. 
 
Table 2: Brine Shrimp Lethality Assay of methanol extract of Hyptis suaveolens leaves 

 Conc. 
(μg/mL) 

Number of Surviving Nuplii After 24 
hrs 

Total 
Number of 
Death 

% 
Mortality 

LC50 
(μg/mL) 

Vernonia 
amygdalina 
extract 

T1 T2 T3    
10 06 07 06 11 36.6 23.576 

100 01 05 03 21 70.0 
1000 0 0 0 30 100 

 
The methanol extract of Hyptis suaveolens leaves demonstrates a strong repellency effect 
against adult mosquitoes, with concentrations of 50 mL and 100 mL achieving 100% 
repellency. At these concentrations, the contact time (CPT) ranged from 40 to 45 seconds, 
indicating a potent repellent effect compared to the control group, which exhibited much 
lower repellency. As the extract concentration increased, the repellency was more 
pronounced. Statistical analysis using ANOVA showed a significant difference between the 
treated and control groups, with a p-value below 0.05, suggesting that the observed repellency 
was not due to chance. These findings highlight the potential of Hyptis suaveolens leaf extract 
as a natural mosquito repellent. 
 
Table 3: Repellency effect of ethanol leaf extracts of Hyptis suaveolens leaves against adult 
mosquitoes   

 
Plant tasted 
 

 
No. of 
mosquitoes 
tested 

 
Conc.(mL) 

 
Mean No. ±SD 
(Treated arm) 

 
% Repellency 
 

 
CPT 
(Sec) 

Hyptis suaveolens 30 6.012  0.6±0.03 2 15.0 
 30 12.25      0.6±0.03 2 20.0 
 30 25 0.3±0.01 1 30.0 
 30 50 0.0±0.00 100 40.0 
 30 100 0.0±0.00 100 45.0 
Control 30 00 5.0±0.00 16 50.0 
      

CPT= Complete protection time; SD ±mean no of mosquitoes landed on both treated arm and control; There is 
significant different tested between extracts and species repelled at P>0.05 tested (ANOVA). 

 
DISCUSSION 
Phytochemical analysis of Hyptis suaveolens leaves revealed the presence of several bioactive 
compounds, such as alkaloids, flavonoids, saponins, steroids, triterpenes, glycosides, tannins, 
phenols, and carbohydrates (Akinmoladun et al., 2013; Ogunlesi et al., 2018). These 
compounds are known for their various biological activities, including antimicrobial, 
antioxidant, anti-inflammatory, and insecticidal effects (Adeyemi et al., 2019). The range of 
bioactive compounds likely contributes to the toxic and mosquito-repellent effects observed 
in Hyptis suaveolens. The absence of anthraquinones suggests these compounds do not play a 
role in the biological effects observed in this study (Sharma et al., 2015). 
 
The Brine Shrimp Lethality Assay (BSLA) showed a concentration-dependent toxic effect of 
the methanol extract. As the concentration of the extract increased, the mortality rate of the 
brine shrimp larvae also increased, with 100% mortality observed at a concentration of 1000 
μg/mL. The LC50 value of 23.576 μg/mL indicates the concentration at which 50% of the 
larvae are expected to die, highlighting the extract's toxic potential. This toxicity can be 
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attributed to compounds such as alkaloids, saponins, and flavonoids, which are known for 
their cytotoxic effects (Igbinosa et al., 2013; Dey et al., 2015). The relatively low LC50 value 
underscores the potent toxicity of the extract, which is consistent with previous reports on the 
cytotoxicity of plant extracts in brine shrimp (Fofana et al., 2017). 
 
In addition to its toxicity, the Hyptis suaveolens extract showed significant mosquito-repellent 
activity. The repellency increased with concentration, with the highest concentrations (50 mL 
and 100 mL) achieving 100% repellency when compared to the control group. These results 
suggest that Hyptis suaveolens could be an effective natural mosquito repellent. Studies have 
shown that flavonoids and terpenoids, which are present in Hyptis suaveolens, are effective in 
repelling mosquitoes and other insects (Isman, 2006; da Silva et al., 2019). These compounds 
may interfere with the sensory mechanisms of mosquitoes, preventing them from landing on 
treated surfaces, supporting the use of Hyptis suaveolens as a non-toxic, sustainable alternative 
to chemical repellents. 
 
Statistical analysis using ANOVA confirmed that the repellency differences between the 
treated concentrations and the control group were statistically significant (p-value < 0.05) 
(Okunade et al., 2021). This provides further evidence of the effectiveness of Hyptis suaveolens 
as a reliable mosquito repellent. The increased repellency at higher concentrations indicates 
that the bioactive compounds, particularly flavonoids and terpenoids, contribute significantly 
to the repellent activity. These findings are in line with previous studies that have examined 
the mosquito-repellent properties of Hyptis suaveolens. For instance, da Silva et al. (2019) 
demonstrated significant repellency from methanol extracts, with stronger effects at higher 
concentrations. Similarly, da Silva et al. (2018) reported concentration-dependent toxicity in 
brine shrimp, which aligns with the present study's findings. 
 
Flavonoids, saponins, and terpenoids likely contribute to both the toxic and repellent effects 
of the extract. Flavonoids are known for their insecticidal and repellent properties, likely 
disrupting the olfactory and sensory systems of mosquitoes (Isman, 2006). Terpenoids, which 
are common in many aromatic plants, also alter mosquito behavior, enhancing the repellent 
effects observed (Raja et al., 2020). 
 
In addition to their insecticidal and repellent properties, Hyptis suaveolens extracts have also 
demonstrated antimicrobial, anti-inflammatory, and antioxidant properties (Akinmoladun et 
al., 2013; Elisha et al., 2017). These therapeutic properties highlight the versatility of Hyptis 
suaveolens as a natural product with broad potential applications. However, the observed 
toxicity calls for further research to evaluate the safety and environmental impact of using 
Hyptis suaveolens in pest control. It is crucial to assess potential non-target effects to ensure the 
safety of beneficial organisms when using this plant for pest management. 
 
CONCLUSION 
The methanol extract of Hyptis suaveolens leaves exhibits significant toxicity and mosquito-
repellent activity, which can be linked to its rich phytochemical composition, including 
alkaloids, flavonoids, saponins, and other bioactive compounds. The extract displayed 
concentration-dependent toxicity in the Brine Shrimp Lethality Assay (BSLA) and 
demonstrated effective mosquito repellency, with 100% repellency observed at higher 
concentrations. However, due to its toxic effects, further investigation is required to assess its 
safety, environmental implications, and potential impact on non-target organisms. 
Additionally, the plant's diverse pharmacological properties highlight its potential for use in 
antimicrobial and anti-inflammatory therapies. 
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