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Abstract 
Objective: This study aims to evaluate the adaptogenic effect of Terminalia chebula (fruit powder) on Drosophila melanogaster and understand 
the dose-dependent effect of this medicinal plant on the development of stress resistance in both sexes of D. melanogaster. 
Methods: The stress tolerance of flies maintained on standard wheat cream agar media and flies maintained on standard wheat cream agar 
media supplemented with 250mg and 300mg of Terminalia chebula fruit powder was studied by subjecting same-aged male and female flies to 
heat and cold stress. For evaluating heat resistance, the number of deaths after heat shock was recorded in each test group. In the case of cold 
resistance, the recovery time taken by different groups after cold stress was noted. 
Key Findings: T. chebula-fed flies showed greater survivability in heat and cold stress compared to the control flies fed with standard wheat 
cream agar media. In males, T. chebula-treated groups showed a significant increase in heat and cold resistance compared to the control group. 
In females, T. chebula showed a significant increase in heat resistance. However, the tolerance capacity decreased with an increase in the dosage 
of T. chebula in female flies subjected to cold stress. 
Conclusion: Overall results indicate that T. chebula has the potential to be used as an adaptogen to develop resistance against various stresses. 
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Introduction 
Medicinal plants have served as natural healers for many 
problems since ages. Once discovered, their constituents have 
been used in the development of drugs for various diseases 
(Sarasa et al., 2012; Agarwal et al., 2011; Gupta, 2012) [38, 1, 

11]. Countries like India and China are the largest users of 
these valuable medicinal plants (Naik et al., 2004) [28]. The 
demand for and use of these plants is rising rapidly due to 
their natural origin, minimal or no side effects, higher safety 
margins, and affordability (Ayyanar and Ignacimuthu, 2011) 

[3]. Additionally, there have been many instances where 
synthetic chemicals used for treatment have not been as 
effective as these natural medicinal plants (Gupta et al.,2012) 

[11]. Therefore, there is always significant importance and 
scope for these remarkable plants. 
Terminalia chebula is a deciduous tree belonging to the 
family Combretaceae. It is highly cultivated in Taiwan and is 
native to Southeast Asian countries (Pulliah, 1934) [30]. Its 
fruit, in dried and ripe form, is used for various medicinal 
purposes both externally and internally. In India, Terminalia 
chebula is extensively used in Ayurveda, Siddha, Unani, and 
homeopathic medicines. It is a highly preferred plant for the 
treatment of asthma, bleeding, piles, sore throat, vomiting, 
and gout (Aneja and Joshi, 2009) [2]. The fruits of Terminalia 
chebula are used both internally and externally. Externally, 
the paste of the fruit is used to promote healing, reduce 
swelling, clean wounds, and prevent the accumulation of pus 

in skin diseases. Due to its anti-inflammatory properties, it is 
used to treat conjunctivitis. It can also be used as a tooth 
powder to cure bleeding gums and strengthen them (Usha et 
al., 2007) [48]. 
Internally, it is used with rock salt to treat 'Kapha' diseases, 
with salt to treat 'Pitta' diseases, and with ghee to treat 'Vata' 
diseases. When consumed with ghee, it promotes longevity 
and boosts energy. It is also effective against an enlarged liver 
and spleen, gastrointestinal ailments, tumors, worms, 
digestive disorders, diabetes (when mixed with Triphala and 
Haridra), hepatitis (when Triphala decoction is mixed with 
honey), obesity, anemia, urinary stones, and more (Kirtikar 
and Basu, 1935) [16]. Terminalia chebula possesses many 
biological and pharmacological properties such as: 
Antibacterial, antioxidant, antifungal, anticancer, wound 
healing etc. Other activities such as 
hypolipidemic/hypocholesterolemic activity, antiplasmodial 
activity, anti-ulcerogenic activity, antidiabetic and 
retinoprotective activity, have also been recorded (Gupta et 
al.,2012) [11] 
Despite these remarkable properties, individuals with mental 
depression, severe weakness, pitta conditions, and pregnant 
women should take special care and precautions before using 
this plant (Gupta et al., 2012) [11].  
Stress is a state of mental or emotional strain in an individual 
due to external environmental factors or internal metabolic 
alterations. Consuming herbal resources with stress-resistant 
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properties can enhance an organism's stress resistance. Plants 
rich in antioxidants and other bioactive compounds can 
increase survivability and stress tolerance in many organisms 
(Renuka Prasad et al., 2018) [33]. The quality of food given to 
an organism can influence its body condition and fecundity 
(Sisodia and Singh.2012) [42]. The intake of different amounts 
and qualities of nutrients directly affects life history traits 
such as disease vulnerability, fertility, reproduction, 
longevity, and stress resistance (Hoffmann et al.,1991; Rions 
et al.,2007; Lee et al.,2008) [13, 36, 20]. A plant derivative that 
increases resistance to stress, trauma, anxiety, and fatigue is 
called an adaptogen. Herbalists refer to them as rejuvenating 
herbs, tonics, rasayanas, or restoratives. Adaptogens help the 
body return to a balanced state by maintaining homeostasis, 
balancing the endocrine hormones and immune system 
(Winston D et al., 2007; Debnath et al., 2011) [50, 9]. 
Terminalia chebula is a constituent of the popular traditional 
herbal formulation called Triphala, used to treat chronic 
disorders (Sukhdev et al.,1999;Chattopadhyay et al.,2007) [46, 

4]. It is also one of the ingredients in the polyherbal 
formulation "Geriforte," an Ayurvedic rasayana that promotes 
physical and mental health and improves the immune power 
of an organism, helping it resist any type of stress (Kokate et 
al.,2001; Singh et al.,1978) [17, 41]. However, many studies 
have not been conducted to investigate the adaptogenic effect 
of Terminalia chebula against heat and cold stress. Hence, the 
present study evaluates the adaptogenic effect of Terminalia 
chebula in vivo using Drosophila melanogaster. 
 
Materials and Methods 
Drosophila Culture: Drosophila melanogaster wild fly 
stocks of Oregon-K flies (OK flies) were obtained from the 
Drosophila Stock Centre, Department of Zoology, University 
of Mysore, Mysore, Karnataka, India. These flies were 
maintained on standard wheat cream agar media seeded with 
dry yeast granules at 22±1ºC to establish the experimental 
stock. After obtaining enough flies for the experiment, they 
were divided into three groups and transferred into stock 
bottles containing different media. 
The first group of flies was the control group, maintained on 
standard wheat cream agar media. The second group, test 
group 1, was maintained on wheat cream agar media 
supplemented with 250mg of Terminalia chebula (fruit 
powder) per liter of the media. The third group, test group 2, 
was maintained on wheat cream agar media supplemented 
with 300mg of Terminalia chebula (fruit powder) per liter of 
the media. 
Heat Stress: To test for heat resistance, adult male and 
female flies of the same age were used. A total of 5 empty 
vials containing 5 flies each were used for all the test groups 
and both sexes (5 replicates each). The flies were then 
exposed to a temperature of 40ºC for about 75 minutes using a 
water bath (care was taken to ensure that the cotton plugs did 
not get wet and that water did not enter the vials). After heat 
shock, the vials were left undisturbed for about 2-3 hours, and 
then the number of dead flies was counted and recorded. The 
percentage of deaths in different test groups was calculated 
and compared. 
Cold Stress: To test for cold resistance, adult male and 
female flies of the same age were used. A total of 5 empty 
vials containing 5 flies each were used for all the test groups 
and both sexes (5 replicates each). The flies were then 
exposed to a temperature of 0±5ºC for about 10 minutes by 
placing the vials in a freezer. After removing the vials, the 
recovery time of different flies was scored at intervals of 50 

seconds. The number of flies that recovered in the first 100 
seconds for males and females of different test groups was 
then calculated and compared. 
 
Statistical Analysis 
The statistical analysis for stress tolerance between different 
treatment groups and control was performed by using IBM 
SPSS version 29. The mean, standard deviation and level of 
significance was measured by one way ANOVA and two way 
ANOVA followed by Tukey’s post hoc test with p<0.05 
being statistically significant. 
 
Results and Discussion 

 

 
 

Fig 1: Effect of cold stress on recovery time in different test groups 
of Drosophila melanogaster (male) 

 

 
 

Fig 2: Effect of cold stress on recovery time in different test groups 
of Drosophila melanogaster (female) 

 

 
 

Fig 3: Comparison of the effect of cold stress on recovery time in 
different test groups of male and female Drosophila melanogaster. 
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Fig 4: Effect of heat stress on the survival in different test groups of 
Drosophila melanogaster (Male). 

 

 
 

Fig 5: Effect of heat stress on the survival in different test groups of 
Drosophila melanogaster (Female). 

 

 
 

Fig 6: Comparison of the effect of heat stress on survival in different 
test groups of male and female Drosophila melanogaster. 

 
Results 
Figure 1-3 depicts the effect of cold stress on recovery time in 
different test groups of Drosophila melanogaster male and 
female. The recovery time from cold stress varied 
significantly across the different test groups of Drosophila 
melanogaster. In males, the group treated with 300mg of 
Terminalia chebula exhibited the fastest recovery time 
compared to the control group and the group treated with 
250mg. Mean differences among the sex group and 
concentration group is statistically non-significant for all the 
groups. 
However in females, the control group demonstrated 
improved recovery times compared to the 250mg group, and 
the 300mg group had an increased recovery time. This 
suggests that while a moderate concentration of T. chebula 
enhances cold stress tolerance, higher concentrations might 
have adverse effects. 

Overall, males showed a better recovery from cold stress 
compared to females. However, at 300mg, decrease in 
recovery efficiency, was observed in females showing a more 
pronounced decline at higher concentrations compared to 
males. 
 
Heat Stress Survival 
The results of heat stress performed on D. melanogaster 
represented in the figs 5 and 6 predict the effect of heat stress 
on survival in different test groups of Drosophila 
melanogaster male and females and Fig 6 depicts the 
comparison of the effect of heat stress on survival in different 
test groups of male and female Drosophila melanogaster. 
Survival under heat stress conditions varied among the 
different test groups. Male Drosophila melanogaster in the 
300mg T. chebula group showed a significantly higher 
survival rate compared to the control and 250mg groups. This 
indicates that a higher concentration of T. chebula enhances 
heat stress tolerance in males. 
In females, the 300mg group also exhibited increased survival 
rates compared to the control group. However, unlike to the 
cold stress results, the 250mg group showed a reduced 
survival rate, suggesting that there is varied effect of T 
chebula on survival in heat and cold stress in females. When 
comparing the survival rates between sexes, males generally 
had a higher survival rate under heat stress in all the groups 
compared to females. 
In dipterans such as Drosophila, sensitivity to thermal shock 
is influenced by factors such as rearing temperature, short-
term hardening, and long-term acclimation. The primary 
candidates responsible for thermal tolerance and adaptation in 
organisms are heat shock proteins (HSPs). Many HSPs play 
roles in response to both low temperature and diapause. The 
response to heat shock occurs in two stages: first, suppression, 
followed by the restoration of normal environmental 
conditions. However, the response to cold stress is more 
complex and involves many genes and proteins during the 
recovery phase (Colinet et al., 2010) [5]. 
 
Discussion 
Insect physiology, development, metabolism, and 
reproduction are influenced by temperature changes (Colinet 
et al., 2015; Harrison et al., 2012; Sinclair et al., 2016) [7, 39]. 
The effects of thermal stress have been extensively quantified 
in Drosophila (David et al., 2005; Rivera-Rincon 2024) [8, 34], 
revealing adaptive responses to heat (Hoffmann et al., 1997; 
Loeschcke and Krebs, 1996; Morrison and Milkman, 1978) 
[12, 22, 25] and cold stress (Chen and Walker, 1993; Watson and 
Hoffmann, 1996) [49], exhibiting genetic variability for heat 
and cold tolerance. 
 Comparing thermal stress indicators can help better 
understand the relationship between thermal stress responses 
and life history traits among species. These temperature 
changes increase the likelihood of species with short lifespans 
experiencing higher temperatures during one or more of their 
developmental stages (Zhang et al., 2015) [51]. Rivera-Rincon, 
2024 [34] further states that, D. melanogaster females 
presented a CTmax of 40.88°C under heat treatment, the 
highest among species, treatments, and sexes, while males 
under the same treatment exhibited a CTmax of 37.76°C 
hence the sex difference is very clearly observed in D. 
melanogaster species, Similarly, our results also exhibit the 
differences in thermal tolerance compared to T. chebula 
treatment groups females were significantly different in the 
thermal tolerance for cold and Heat resistance when compared 
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to the control. Several studies have also revealed that females 
under the thermal treatment had the highest CTmax (37.04°C) 
within treatments and sexes for the species under study. 
Several previous studies also evaluated the effect of thermal 
stress on fecundity and thermal stress effectively reduced the 
fecundity of the species understudy during either development 
or adulthood (Krebs and Loeschcke, 1994; Melicher et al., 
2021; Sisodia and Singh, 2006; Stazione et al., 2021; Rivera-
Rincon et al., 2024) [18, 23, 43, 34] they showed an overall 
decrease in fecundity for D. melanogaster and D. 
pseudoobscura species. Interestingly, D. melanogaster 
exhibited the lowest fecundity rates across all stages and 
temperature treatments. The differences in response between 
sexes could be explained by sex-specific patterns previously 
described in Drosophila for required genes in stress response 
(Moskalev et al., 2011; Tower et al., 2020) [26, 47]. 
Furthermore, in Drosophila, sex determination pathways seem 
to regulate sex-specific patterns in stress adaptation, where 
females have been described to preferentially require more 
genes for stress response than males (Moskalev et al., 2011; 
Moskalev et al., 2012) [26, 27]. Studies of D. melanogaster 
treated with chebula have reported similar findings to our 
results, with thermal maxima around 40°C reported for 
multiple stocks with sex specific differences (Jørgensen et al., 
2020; Lecheta et al., 2020; Rolandi et al., 2018) [15, 19, 37]. The 
Present study preliminary attempt to understand the 
association of plant extracts with thermal tolerance. These 
findings indicate that while Terminalia chebula can enhance 
stress tolerance, its concentration needs to be carefully 
optimized to avoid potential negative effects, particularly in 
female organisms. Further studies are needed to explore the 
mechanisms underlying these sex-specific responses and to 
determine the optimal dosage for various applications. 
 
Important Findings 
Optimal Concentration: The 250mg concentration of 
Terminalia chebula significantly improved both cold and heat 
stress tolerance in both the sexes of Drosophila melanogaster, 
while the 300mg concentration had detrimental effects, in 
females. 
Sex Differences: Males generally exhibited better stress 
tolerance compared to females at the 300mg concentration of 
T. chebula. However, at higher concentrations, both sexes 
showed different rates of tolerance, with females being more 
adversely affected. 
Adaptogenic Potential: The results suggest that Terminalia 
chebula has potential as an adaptogen, enhancing stress 
resistance in Drosophila melanogaster, but its efficacy is 
dose-dependent and varies between sexes.  
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