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					ABSTRACT  

					ARTICLE INFO  

					Essential oils from a plethora of plants have proven effective in controlling arthropod vectors of  

					medical, veterinary, and agricultural importance. Interruption of tsetse fly-human contact is  

					crucial to the elimination of human African trypanosomiasis. Essential oils of Hyptis suaveolensis,  

					Cymbopogon winterianus, and Rosmarinus officinalis were extracted by hydro-distillation. A  

					preliminary laboratory-based hand-in-cage repellent and tsetse-cidal activity evaluation was  

					conducted using 10%, 50%, and 100% of each essential oil against male and female, teneral and  

					non-teneral Glossina palpalis palpalis and Glossina morsitans submorsitans, using isopropyl  

					alcohol as a diluent. There was no significant difference between the mean number of tsetse flies  

					landing on the isopropyl-treated arm across all tsetse fly groups (p = 0.8269). All concentrations  

					of essential oil elicited an appreciable percentage repellency of 100%, with zero tsetse fly  

					landings, except for 10% C. winterianus essential oil, which had an average of 2.67 landings by  

					male G. m. submorsitans and 19.67% percentage repellency. There was no significant difference  

					between protection times for all essential oils and concentrations used across sex groups, teneral  

					status, and species of tsetse fly (p = 0.713). Conclusively, these aromatic plants could be regarded  

					as potential repellents against tsetse flies and a promising, safe, and degradable tsetse fly repellent.  
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					Besides domestic cases,1 several exported human African  

					trypanosomiasis have been confirmed in some returnees to tsetse fly-  

					Introduction  

					Tsetse flies are haematophagous insects incriminated in the  

					cyclic transmission of trypanosomes, a protozoan parasite, and the  

					causative agent of human and animal African trypanosomiasis, which  

					is transmitted during a tsetse fly blood meal.1,2 The infection eventually  

					progresses to a fatal disease of medical and veterinary importance,  

					which is characterized by cascades of grave symptoms.3–5 Currently,  

					tsetse flies are widely distributed across about 10 million Km2 of Sub-  

					Saharan African land area, with about 60 million people and 50 million  

					cattle at risk.6,7 In humans, the disease is debilitating with  

					haematological presentations and cerebrospinal involvement, which  

					results in death if prompt and appropriate treatment is not administered.8  

					Livestock production is beset with constraints due to the debilitating  

					effect of animal trypanosomiasis, with attendant reduced meat mass,  

					milk yield, calving rates, and reduced animal traction power.9–11  

					Furthermore, large expanses of arable land are abandoned due to the  

					biting nuisance caused by tsetse flies. The World Health Organization  

					(WHO) stated that more than 700,000 deaths occur annually due to  

					infectious diseases, with 17% of these being vector-borne.12  

					free countries as a result of exposure to tsetse flies’ bites while on a visit  

					to tsetse fly-infested areas in Africa.13,14 From a public health viewpoint,  

					disrupting tsetse fly-human and tsetse fly-animal contacts contributes to  

					the interruption of trypanosome transmission, which is a vital  

					component of the human African trypanosomiasis control strategy, as  

					the development of vaccines appears to be a distant prospect.15,16  

					Synthetic N, N-diethyl-m-toluamide (DEET) is the key active  

					constituent in topical insect repellent brands and the ‘touchstone’ of  

					novel topical insect repellents. Though exonerated from oncotoxicity,  

					eco-persistence, and eco-toxicity,17 it is still subjected to intensive  

					scrutiny and suffers disapproval from the public due to unpleasant  

					odour, skin irritation, numbness, neurotoxicity, cardiovascular side  

					effects, as well as encephalopathy in children.17–19 The safety of DEET  

					depends on the concentration used and proper application by users.  

					Moreover, studies revealed growing resistance to DEET by some  

					20,21  

					species of mosquito  

					driving research interest in the discovery and  

					the development of alternative repellent formulations of botanical  

					origin that are effective, affordable, readily available, and safer.  

					Essential oils are volatile secondary metabolites produced by  

					specialized secretory structures in plants and are responsible for the  

					plant's characteristic odour. They are stored in non-woody parts of  

					plants, from where they diffuse into the environment, primarily through  

					the buds, stems, seeds, leaves, flowers, and sometimes the roots and  

					twigs. Essential oils enable plants to attract seed-dispersing and  

					pollinating agents, exert allelopathy against competitors for space,  

					sunlight, nutrients, and water, ward off pathogens, and deter herbivores.  

					The use of essential oils and the smoldering of aromatic plants for  

					arthropod control dates back to ancient Egypt, India, Japan, and Persia.  

					To date, well over 3,000 plant essential oils have been evaluated, with  

					about 10% of them available commercially as insecticides and  

					repellents.15,22,23 Plant-derived arthropod repellents have been  

					successfully employed in the control of insects of medical, veterinary,  
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					and agricultural significance. In recent times, aromatic plants have been  

					evaluated, and several reports of outstanding bioactivities have been  

					elicited in the form of repellent and/or cidal activities against  

					mosquitoes, ticks, stable flies, lice, horn flies, bed bugs, botflies, and  

					screw worms.24–29 Interestingly, essential oils have been reported to  

					have low mammalian toxicity, short persistence in the environment due  

					to high volatility, eco-degradability, and a myriad of bioactive  

					constituents with multiple targets, making the development of  

					resistance nearly impossible.30,31 These advantages, however, override  

					the adverse effects of the synthetic counterparts and position them as  

					suitable for disease vector 32 and agricultural pest control.33 This study  

					aims to investigate the activities of essential oils of Cymbopogon  

					winterianus, Hyptis suaveolensis, and Rosmarinus officinalis against  

					Glossina palpalis palpalis and Glossina morsitans submorsitans.  

					a tsetse fly group comprising 25 tsetse flies each. The groups were as  

					listed in Table 1.  

					Table 1: Tsetse fly experimental groups  

					Feeding  

					Group  

					Tsetse fly species  

					status  

					Sex  

					A

					Teneral  

					Male  

					B

					C

					D

					Glossina morsitans  

					submorsitans  

					Teneral  

					Female  

					Male  

					Non-teneral  

					Non-teneral  

					Female  

					E

					F

					Teneral  

					Male  

					The novelty of this research lies in its dual evaluation of both repellent  

					and tsetse-cidal properties of botanical essential oils against Glossina  

					palpalis palpalis and Glossina morsitans submorsitans, key vectors of  

					trypanosomiasis. Utilizing the innovative hand-in-cage testing method,  

					this study offers a more controlled and ecologically relevant approach  

					compared to traditional laboratory methods, enhancing the assessment  

					of essential oils in realistic conditions. By examining the efficacy of  

					various essential oils across two different tsetse fly species, the research  

					provides new insights into the specificity and effectiveness of plant-  

					based products for vector control, contributing to the development of  

					sustainable and environmentally friendly alternatives to chemical  

					insecticides.  

					Teneral  

					Female  

					Male  

					Glossina palpalis palpalis  

					G

					H

					Non-teneral  

					Non-teneral  

					Female  

					Ethics consideration  

					The study was approved by the Research Committee, Nigerian Institute  

					for Trypanosomiasis and Onchocerciasis Research, Kaduna, Nigeria,  

					and the Oyo State Ministry of Health with clearance number AD  

					13/479/608. The study met Helsinki’s standards by ensuring safety,  

					health, respect, protection, and ethical treatment of all volunteers.  

					Materials and Methods  

					Plant materials collection and identification  

					Fresh leaves of Cymbopogon winterianus, Hyptis suaveolensis, and  

					Rosmarinus officinalis were harvested from gardens in Kaduna  

					metropolis, Kaduna, Nigeria. The identity of the plants was  

					authenticated by a botanist Mr. Umar Gallah at the Botanical Unit of  

					Biological Sciences, Ahmadu Bello University, Zaria, Nigeria. The  

					leaves were immediately transported to the laboratory for extraction of  

					essential oil.  

					Enrollment of voluntary human subjects  

					Eight voluntary adult human subjects were enrolled in the study.  

					Informed consent was obtained from all the participants before  

					enrolment. The subjects were instructed to abstain from smoking and  

					the use of fragrance or repellents 48 hours before and during the study.  

					The arms of the subjects were washed with fragrance-free soap, rinsed  

					thoroughly with water and 70% isopropyl alcohol, and dried with clean  

					towels.  

					Extraction of essential oils  

					Essential oil was extracted from the fresh plant leaves using the steam  

					distillation method with a Clevenger’s apparatus.34 The leaves were cut  

					into pieces of about 1 cm. Exactly 300 g of fresh leaves was loaded in  

					a ‘still’ chamber attached to a round bottom flask containing 3 litres of  

					distilled water maintained at 100 °C on a heating mantle for 3 hours.  

					The steam produced rises into the still chamber containing the fresh  

					leaves, collects volatile oils, and moves through a condenser into  

					Deryng’s apparatus. The essential oil band was removed from the  

					distillate with a Pasteur pipette and dispensed into appropriately labeled  

					airtight glass vials. The essential oils were kept at ambient temperature  

					in a dark cupboard until required.  

					Essential oil repellency assay  

					The repellent potential of the essential oils was evaluated using the arm-  

					35  

					in-cage technique, with modification in the number of tsetse flies  

					used. The EOs were diluted with 70% analytical grade isopropyl alcohol  

					(Sigma-Aldrich, Chemie GmbH; ≥99.7% purity, 100%) to  

					concentrations of 10% w/v and 50% w/v. Three concentrations of each  

					essential oil, viz, 10% w/v, 50% w/v, and 100% w/v, were used for the  

					evaluation. Exactly 1 ml of 70% isopropyl was applied on 600 cm2 of  

					the subjects’ forearm (area between the wrist and the elbow) and left to  

					dry for 2 minutes. The diluent-treated arms were inserted into the test  

					cages A, B, C, D, E, F, G, H, and kept still without movement. The  

					number of tsetse flies that landed and/or probed each arm within a 30-  

					second exposure period was counted and recorded. For the evaluation  

					to proceed, the number of landings and/or probing within the 30-second  

					exposure period should be ≥5% of the total tsetse flies in the test cage  

					(approximately 1 tsetse fly). Each arm was withdrawn, and 1 ml of 10%  

					(lowest dose) of the essential oil was applied and allowed to dry. The  

					10% oil-treated arm was placed in the test cage for another 30-second  

					exposure period, and the number of tsetse flies that landed and/or  

					probed was counted and recorded. This procedure was repeated for each  

					essential oil concentration. Percentage repellency (R%) was derived  

					using Equation 1 below:  

					Tsetse flies rearing  

					Active, uninfected host-seeking male and female, teneral and non-  

					teneral Glossina palpalis palpalis and Glossina morsitans submorsitans  

					were obtained from the insectarium of the Nigerian Institute for  

					Trypanosomiasis and Onchocerciasis Research, Kaduna, Nigeria  

					(10.5292º N, 7.4527º E). The colony originated from wild-captured  

					pupae. The tsetse flies were reared at 26  1 °C under a 12:12 light-dark  

					photoperiod and 70  2% relative humidity. The non-teneral tsetse flies  

					were maintained on rabbit blood meal. The flies were starved for 24  

					hours before the commencement of the test.  

					Test cages and tsetse fly groups  

					퐶 − 푇  

					(

					)

					Percentage repellency R% = (  

					) × 100%  

					Standard test cages of 40 cm (width) x 40 cm (Height) x 40 cm (Length)  

					dimensions were constructed as described in the World Health  

					Organization Pesticide Evaluation Scheme.35 The base and the top of  

					the cage were sealed with plywood, while the left and right sides were  

					sealed with clear glass for easy viewing. The front and the back were  

					covered with net; the front side has a net sleeve to allow access into the  

					cage. The cages were appropriately labelled, and each was dedicated to  

					퐶

					Equation 1: Formula for calculating the percentage repellency for  

					essential oils  

					where T is the number of tsetse fly landings and/or probing on the  

					essential oil-treated arm, and C is the average of the landings/probing  
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					on the diluent-treated control arms (the diluent-treated arm before  

					evaluation and the essential oil-treated arm at the end of the evaluation).  

					reaction or sensations of any form on the skin of the volunteers recruited  

					for the study. Although there is an increasing amount of research on the  

					effectiveness of plant-derived essential oils in combating arthropods of  

					agricultural, medical, veterinary, and environmental significance, no  

					published studies were found on the use of these oils against tsetse flies  

					based on a literature search. To the best of the authors’ knowledge, this  

					is the first study to explore the repellent and tsetse-cidal properties of  

					essential oils against tsetse flies.  

					Estimation of essential oils’ complete protection time (CPT)  

					The evaluation was done in accordance with the World Health  

					Organization Pesticide Evaluation Scheme 35 with a modification in the  

					number of tsetse flies used. About 1 ml of the reconstituted essential oil  

					is applied to the subject’s arm and allowed to dry. The essential oil-  

					treated arm was inserted into an appropriately labelled cage containing  

					tsetse flies. The exposure period lasted for 3 minutes, and landing and/or  

					probing activities were observed. This procedure was repeated at 30  

					minutes’ intervals for 3 hours. The occurrence of at least one landing  

					and/or probing during a 3-minute exposure period completes the test for  

					that essential oil concentration. Complete protection time (CPT) was  

					taken to be the number of minutes elapsed between the time of essential  

					oil application and the initial tsetse fly landing and/or probing.  

					Statistical Analysis  

					One-way ANOVA will be conducted to compare mean tsetse fly  

					landings on isopropyl-treated arms. Complete protection time and  

					percentage repellency will be analysed using MANOVA to determine  

					significance across essential oils, concentration of oils, and tsetse  

					species and sexes using Statistical Package for Social Sciences software  

					version 29 (IBM SPSS Inc., Chicago, USA). In all cases, values of 푝 <  

					0.05 were considered statistically significant.  

					Results and Discussion  

					Figure 1: Complete protection time for Rosmarinus officinalis  

					Initial exposure of the isopropyl-treated arms to the tsetse flies revealed  

					that the diluent does not elicit repellent activity against all the groups of  

					tsetse flies used in the study. The average number of tsetse flies landing  

					on isopropyl-treated arms within 30 seconds of exposure (Table 2)  

					shows that all tsetse fly groups exhibited >5% landing and probing,  

					which is a prerequisite for the continuation of the experiment. There  

					was no significant difference in the mean number of landings on the  

					isopropyl-treated arm across all groups of tsetse flies used for the study  

					(p = 0.713).  

					Table 2: Mean number of tsetse flies that landed on the  

					isopropyl-treated arms  

					Mean number of tsetse flies  

					Tsetse fly group  

					 Standard deviation  

					A

					B

					C

					D

					E

					7.33±1.15  

					9.00±2.00  

					8.33±3.51  

					9.33±1.53  

					8.00±1.00  

					Figure 2: Complete protection time for Hyptis suaveolensis  

					F

					9.67±1.15  

					The bioactivities of essential oils against arthropods are attributed to the  

					presence of certain phyto-constituents classified as alkaloids, terpenes,  

					phenolics, ketones, esters, ethers, and oxides.36 These activities could  

					be lethal, deterrence, repellence, feeding inhibition, or neurotoxicity.15  

					However, the essential oils used in the present study elicited repellent  

					and feeding inhibition activities only. Many studies have extensively  

					investigated the efficacy of essential oils against arthropods, including  

					formulations containing commercial R. officinalis essential oil-based  

					insecticide.37–39 Govindarajan and Sivakumar 40 reported the repellent  

					efficacies of Rosmarinus officinalis against Anopheles subpictus at 1.0,  

					G

					H

					9.33±2.52  

					8.67±1.15  

					All concentrations of essential oils that were evaluated during the study  

					successfully repelled all groups of tsetse flies employed with 100%  

					percentage repellency effect (Figure 1, Figure 2, and Figure 3), except  

					10% Cymbopogon winterianus essential oil which elicited the lowest  

					repellency activity with 3 (12%) non-teneral female G. morsitans  

					submorsitans (Group D) landing, percentage repellency of 71.38%, and  

					average protection time of 10 minutes against 180 minutes recorded  

					protection time for other concentrations and essential oils evaluated  

					(Figure 3). There were no significant differences (p = 0.713) observed  

					in the protective efficacies of the essential oils from leaves of  

					Cymbopogon winterianus, Hyptis suaveolensis, and Rosmarinus  

					officinalis across groups of tsetse flies used (Figures 1, 2, and 3). The  

					essential oils did not elicit tsetse-cidal effects or exert observable  

					contact toxicity on tsetse flies exposed to the essential oil-treated arms  

					up to 24 hours post-exposure. Also, there was no observable allergic  

					41  

					2.5, and 5.0 mg/cm2 of treated arm to be 1, 1, and 1.5 hours, while  

					reported that 20% solution of Rosmarinus officinalis essential oil  

					elicited 100% protection against Anopheles stephensi over 8 hours.  

					These reports corroborate with the activities of R. officinalis EO  

					observed in the present study. The analysis of the essential oil of R.  

					42  

					officinalis by Amer and Mehlhorn  

					revealed the presence of 1,8-  

					cineole, -pinene, borneol, and camphor as major phyto-constituents,  

					and striking repellent effect of 1, 8-cineol against German  

					cockroaches and mosquitoes has been reported.43,44  

					a
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					56–58  

					and has been proven to elicit repellent effect  

					59  

					against Aedes aegypti  

					and insecticidal activity against  

					Callosobruchus maculatus.60 It is worth mentioning that geographical,  

					seasonal, and biological factors, as well as time of harvest and plant  

					material handling, could quantitatively and qualitatively alter the phyto-  

					constituents present in the oils, resulting in incongruences in EO  

					evaluation outcomes.  

					The topical safety and skin tolerance of the essential oils are  

					noteworthy. The lack of allergic reactions, skin irritations, or discomfort  

					supports the relative safety of these essential oils compared to their  

					synthetic alternatives. Additionally, these findings align with and  

					substantiate previous studies that have demonstrated the skin safety of  

					61,62  

					these essential oils.  

					However, variations in agroecological factors  

					could result in discrepancies between the concentrations of the  

					secondary metabolites in the essential oils that directly affect topical  

					safety.  

					Conclusion  

					Figure 3: Complete protection time for Cymbopogon  

					wintarianus  

					This study demonstrates the potential of plant-derived essential oils as  

					effective repellents and feeding inhibition agents against tsetse flies.  

					The essential oils tested showed significant efficacy, with key phyto-  

					constituents such as 1,8-cineol contributing to their repellent properties.  

					The oils exhibited no contact toxicity but displayed noteworthy  

					repellency, supporting their potential as safer, eco-friendly alternatives  

					to synthetic insecticides.  

					In another investigation, the synergetic efficacy of 1,8-cineol and  

					camphor was assessed and the significant increase in penetration of  

					Trichplusia ni cuticle was postulated.45 These could account for the high  

					repellent efficacy recorded for whole R. officinalis EO used in the  

					present study.  

					The absence of observable contact toxicity among tsetse flies that  

					Conflict of Interest  

					landed on R. officinalis essential oil-treated arms contradicts the  

					46  

					findings of Chahda and colleagues  

					who reported 100% contact  
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					toxicity-induced Mucsa domestica mortality at 100% concentration,  

					and that of Elmhalli et al.47 who recorded 100% Ixodes ricinus mortality  

					after 5 hours of exposure. Possible explanations could be the absence or  

					lower concentrations of essential oil components with contact toxicity  

					potential in the test aliquot, as well as the absence of toxic component-  
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					specific odorant-binding proteins in tsetse flies, or the resultant effect  

					48,49  

					of odorant-degrading enzymes in the tsetse flies.  

					However, the  
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