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Abstract: This study aimed to investigate the potential anti-depressant, anti-inflammatory, and 

antimicrobial properties of resins extracted from Cyperus rotundus tubers and Citrullus colocynthis 

fruits. Experimental assays included the forced swim test (FST), tail suspension test (TST), in vitro 

bovine serum albumin (BSA) denaturation assay, and evaluation of antimicrobial activity against 

selected microbial strains. An acute toxicity assessment was conducted to evaluate safety. In the FST, 

C. colocynthis fruit resin significantly reduced immobility time at 40 mg/kg, while C. rotundus tuber 

resin increased immobility time. Both resins showed significant differences compared to the saline 

control (p < 0.05). In the TST, all resin-treated groups exhibited reduced immobility time compared to 

saline control (p < 0.001), with C. colocynthis resin demonstrating superiority. The in vitro BSA 

denaturation assay showed superior anti-inflammatory activity of C. rotundus resin compared to C. 

colocynthis resin. Antimicrobial assays revealed both resins' efficacy against selected 

microorganisms, with higher concentrations exhibiting greater inhibition. C. rotundus resin showed 

higher activity against Candida albicans. Our findings suggest potential anti-depressant, anti-

inflammatory, and antimicrobial properties of C. rotundus and C. colocynthis resins, with implications 

for further pharmacological investigations. These natural products could be explored as novel 

therapeutic agents for various conditions, though further research is warranted to elucidate their 

mechanisms and potential clinical applications. 

Keywords: Cyperus rotundus; Citrullus colocynthis; resin; antidepressant; anti-inflammatory; 

antimicrobial. 
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1. Introduction 

Depression is a widespread psychiatric condition typified by enduring symptoms of 

low mood, feelings of despair, and diminished interest or enjoyment in previously rewarding 

activities [1]. Depression constitutes a considerable global health challenge, impacting 

millions of people globally and contributing significantly to disability burden and impairment 

in daily functioning [2]. Despite the availability of various pharmacological treatments, 

including antidepressant medications, a considerable proportion of patients do not achieve 

https://nanobioletters.com/
https://doi.org/10.33263/LIANBS143.150
file:///C:/Users/theod/Desktop/LIANBS-theo/benali-anis@univ-eloued.dz
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5301-8587
https://orcid.org/0000-0002-6356-4271


https://doi.org/10.33263/LIANBS143.150    

https://nanobioletters.com/ 2 of 11 

 

adequate relief from their symptoms [3], highlighting the need for continued research and 

development of novel therapeutic approaches. 

In recent years, there has been increasing curiosity in investigating the potential 

antidepressant properties of natural products, particularly those derived from medicinal plants 

[4]. Traditional herbal remedies have long been used in various cultures to alleviate 

symptoms of depression and other mood disorders [5]. Consequently, scientific investigations 

aimed at elucidating these botanical extracts' pharmacological mechanisms and efficacy have 

gained momentum. 

Cyperus rotundus and Citrullus colocynthis are two plant species known for their 

traditional medicinal properties [6-8]. Indigenous to regions such as southern Algeria, these 

plants have been historically utilized for their purported therapeutic effects in treating a range 

of ailments, including inflammatory conditions and gastrointestinal disorders [9,10]. 

The present study focuses on evaluating the potential antidepressant-like activity of 

extracts obtained from the tubers of C. rotundus and the fruits of C. colocynth is using 

established animal models of depression. Additionally, the study investigates the anti-

inflammatory properties of these extracts using the bovine serum albumin denaturation 

method. Furthermore, the antimicrobial and antifungal activities of the plant resins are 

assessed to explore their potential broader pharmacological effects. 

The use of animal models such as the Forced Swim Test (FST) and Tail Suspension 

Test (TST) allows for the systematic evaluation of depressive-like behavior and the screening 

of potential antidepressant compounds [11,12]. These tests are based on the principle of 

inducing acute stress in animals and assessing their behavioral responses, which parallel 

certain aspects of human depression [13]. Additionally, the assessment of anti-inflammatory, 

antimicrobial, and antifungal activities provides valuable insights into the broader 

pharmacological profile of the plant extracts. 

Overall, the findings of this study hold promise for the development of novel 

botanical-based therapies for depression and related mood disorders. By elucidating the 

pharmacological mechanisms underlying the observed effects, this research contributes to the 

growing body of evidence supporting the therapeutic potential of natural products in mental 

health care. Furthermore, the exploration of additional pharmacological activities underscores 

the multifaceted nature of medicinal plants and their potential utility in treating various health 

conditions beyond depression alone.  

2. Materials and Methods 

2.1. Ethics statement. 

The experimental procedures were ethically approved by the Ethics Committee of the 

Faculty of Life and Natural Sciences, El Oued University, under permits No. 04/2022-2023, 

dated 20/12/2023. 

The animals were treated in accordance with established experimental procedures and 

protocols outlined in the European Communities Council Directive 2010/63/EU of 22 

September 2010. 

2.2. Chemicals and reagents. 

All chemicals utilized were of analytical grade and acquired from Sigma-Aldrich, 

Missouri, USA. 
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2.3. Plant material. 

In September 2022, subterranean tubers of C. rotundus and fruits of C. colocynthis 

were collected from the El Oued province situated in southeastern Algeria. Professor 

Chouikh Atef verified the botanical identity of the plant specimens. The tubers and fruits 

were meticulously cleaned using running cold water to eliminate any extraneous matter. 

Subsequently, they were subjected to a drying period of seven days under dark conditions, 

following which they were finely ground into a coarse powder and stored for future 

utilization.  

2.4. Extraction procedure of resin. 

The process of extracting resin from plant materials, as described by Ben Ali et al. 

[14], involved immersing 100 g of dried powder in a 0.4 L aqueous basic solution (pH = 10) 

and an antioxidant system for 24 h at room temperature. The resulting infusion was then 

filtered under pressure until all the solvent was filtered out. Following primary maceration, 

the residual plant matter underwent secondary maceration in 0.4 L of 97% ethanol, 

maintaining a pH of 10 and incorporating the identical antioxidant system. The solution was 

filtered through filter paper, and the resultant material was then dried in an oven set at 50°C, 

yielding the resin derived from the plant material. 

2.5. Animals. 

Male Wistar rats with an average weight of 160 ± 20 g were obtained from the Pasteur 

Institute of Algeria. Animals were housed under controlled environmental conditions with a 

temperature of 25 ± 1°C, a 12-hour light/dark cycle, and approximately 40% relative 

humidity. Standard laboratory rodent chow, providing a balanced diet of proteins, lipids, 

carbohydrates, vitamins, and minerals, was provided ad libitum throughout the 15-day 

experimental period. All animal procedures adhered to established guidelines and protocols 

outlined in the European Communities Council Directive 2010/63/EU of 22 September 2010 

for the protection of animals used for scientific purposes. 

2.6. Acute toxicity assessment. 

The acute toxicity of the resins was evaluated using a modified version of Lorke's 

method [15-17]. Twenty (20) male Wistar rats (average weight: 160 ± 20 g) were randomly 

divided into five groups (n = 4/group) following overnight fasting (12 h). Each group 

received a single intraperitoneal injection of a designated resin dose (control, 40 mg/kg, or 80 

mg/kg body weight) prepared in a suitable vehicle. A control group received an 

intraperitoneal injection of physiological saline only. All animals were continuously 

monitored for behavioral changes and mortality over a 24-hour period following injection. 

Subsequently, the surviving animals were observed for a further 10 days. 

2.7. Antidepressant-like action evaluation. 

2.7.1. Forced swim test (FST). 

The Forced Swim Test (FST) is a commonly used laboratory assay to assess 

depressive-like behavior in animals, typically rodents. Originally described by Porsolt et al. 

[18], the FST involves subjecting animals to a short-term, inescapable stressor, such as being 
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placed in a cylindrical container filled with water. The immobility period, where the animal 

ceases to struggle and floats, is considered indicative of behavioral despair, a characteristic 

associated with depression-like states. 

In this study, rats were utilized as the experimental subjects. The cylindrical container 

used for the test had dimensions of 30 cm in height and 20 cm in diameter, filled with water 

maintained at a temperature of 26°C up to a level of 15 cm. To increase the test's sensitivity, 

a 10-minute pre-test session was conducted 24 hours before the main experiment, aimed at 

inducing a state of hopelessness in the animals. 

On the day of the experiment, the mice were pretreated with either extracts from C. 

rotundus tuber resin and C. colocynthis fruit resin at doses of 20 or 40 mg/kg or with 

sulpiride at a dose of 10 mg/kg. These substances were administered 30 minutes prior to 

subjecting the mice to the FST. Following the pretreatment, each mouse was individually 

placed in the water-filled cylinder and forced to swim for 6 minutes .It was hypothesized that 

substances capable of exerting anti-depressant effects would reduce the duration of 

immobility observed in the FST compared to control animals. 

2.7.2. Tail suspension test. 

The TST is a behavioral despair test based on the principle that rodents subjected to 

the inescapable stress of tail suspension exhibit an immobile posture as a measure of 

behavioral despair [19]. Antidepressant-like drugs are expected to reduce the duration of 

immobility in this test. In the present study, male Wistar rats were individually suspended by 

their tail using a retort stand for a total of 6 minutes. The first minute served as an 

acclimatization period, followed by 5 minutes of observation to record the immobile time 

[20]. 

2.8. In vitro BSA denaturation method. 

The anti-inflammatory activity of the resin was assessed using bovine serum albumin 

denaturation (BSA) following the method outlined by Chouikh et al. [21]. Briefly, 0.05 mL of 

various concentrations of the extracts and the reference drug Diclofenac sodium were mixed 

with 0.45 mL of bovine serum albumin (1% w/v). The mixture was then incubated at 37°C 

for 20 minutes and subsequently heated at 57°C for 3 minutes. Following cooling, 2.5 mL of 

phosphate-buffered saline (PBS, pH 6.4) was added, and the absorbance was measured at 416 

nm. The percentage of inhibition of protein denaturation was calculated using the formula:  

Inhibition% = 100 − [100 − (
(𝐴1−𝐴0)

𝐴1
) × 100]         (1) 

Where A0 represents the absorbance in the absence of extract, and A1 represents the 

absorbance in the presence of extract. 

2.9. Antimicrobial activity assessment. 

The antimicrobial and antifungal activities of C. rotundus tuber resin and C. 

colocynthis fruit resin were investigated using the disc diffusion method described previously 

[22]. 

Bacterial strains includedStaphylococcusaureus ATCC 25932 (Gram-positive) as the 

positive control, and Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, 
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and Klebsiella pneumoniae ATCC 13883 (Gram-negative) as negative controls. The 

antifungal strain utilized was Candida albicans ATCC 14053. 

For experimentation, Petri dishes containing Mueller-Hinton agar (for bacteria) or 

Sabouraud Dextrose Agar (for fungus) were inoculated with the respective test organisms. 

Sterile filter paper discs impregnated with specific concentrations of the resin extracts were 

then placed onto the agar surface. Subsequently, the plates were incubated at 37°C for 24 

hours (for bacteria) or 48 hours (for fungus). Following the incubation period, the diameter of 

the clear zone of inhibition surrounding each disc was measured in millimeters (mm) to 

evaluate the antimicrobial and antifungal activities. 

2.10. Data analysis. 

The results are presented as mean values accompanied by the standard error of the 

mean (SEM). Statistical analysis was conducted employing the Student's T test via SPSS 

Statistics software (version 23.0), with significance set at p < 0.05. 

3. Results and Discussion 

In this study, we performed different experimental assays, including the forced swim 

test and the tail suspension test, as these tests are commonly used in preclinical research to 

evaluate the effectiveness of potential antidepressant drugs. In addition, the study uses an in 

vitro bovine serum albumin denaturation assay to explore the anti-inflammatory properties of 

the resin. Furthermore, the study includes an evaluation of the antimicrobial activity of the 

resin using appropriate microbial strains. The aim of this study is to determine whether the 

resin exhibits any inhibitory effects against bacterial or fungal pathogens, indicating its 

potential as an antimicrobial agent. 

3.1. Acute toxicity assessment. 

During the trial period, no fatalities were recorded in the acute toxicity testing across 

all administered doses. Moreover, there were no indications of behavioral toxicity, such as 

diarrhea, drooling, lacrimation, defecation, urination, hyperactivity, aggression, piloerection, 

convulsions, or tremors. Additionally, the absence of convulsions was noted throughout the 

observation period. 

3.2. Antidepressant-like action evaluation. 

3.2.1. Forced swim test. 

The immobility time in the saline group was estimated at 144 ± 26.66 s. A significant 

alteration in immobility time was observed relative to the saline control group when 

administering C. colocynthis fruit resin at a concentration of 40 mg/kg, resulting in an 

average immobility time of 82 ± 11.26 seconds. Conversely, administration of C. rotundus 

tuber resin at the same concentration increased immobility time, with an average of 196±0.01 

seconds compared to the saline-treated group. Both disparities demonstrated statistical 

significance (P < 0.05). Moreover, neither resin at a concentration of 20 mg/kg substantially 

impacted immobility time. Notably, treatment with sulpiride at a concentration of 10 mg/kg 

demonstrated a significant and efficacious reduction in fixation time, with an average of 

30.24 ± 19.69 seconds (P < 0.001) (Figure 1). 
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Figure 1. Effects of samples on immobility time in the forced swimming test (FST). For statistical significance, 

*p < 0.05 and ***p < 0.001 when compared to the saline group. 

3.2.2. Tail suspension test. 

In the tail suspension test, significant differences (p < 0.001) were observed between 

all the tested samples and the saline control group, which exhibited an immobility time of 

189.57±9 seconds. The C. colocynthis fruit resin group demonstrated superiority over all 

other samples. Notably, the lower dose of 20 mg/kg exhibited a shorter estimated 

immobilization time of 8.33 ± 3.51 seconds compared to the higher dose of 40 mg/kg, which 

had an estimated immobilization time of 57.33± 6.5 seconds. Similar trends were observed 

with C. rotundus tuber resin, where the lower dose outperformed the higher dose. 

Specifically, at a concentration of 20 mg/kg, the immobility time was 60±6.8 seconds, while 

the higher concentration of 40 mg/kg resulted in an immobility time of 62.33±5.5 seconds. 

Interestingly, both doses of C. rotundus tuber resin surpassed the group treated with sulpiride 

at a concentration of 10 mg/kg, which exhibited an immobilization time estimated at 

98.74±4.43 seconds (Figure 2). 

 
Figure 2. Effects of samples on immobility time in the tail suspension test (TST). For statistical significance, 

***p < 0.001 when compared to the saline group. 

***

*

*

0

50

100

150

200

250

Saline
group

Sulpiride
10 mg/Kg

C.
colocynthis
20 mg/Kg

C.
colocynthis
40 mg/Kg

C.
rotundus
20 mg/Kg

C.
rotundus
40 mg/Kg

Immobility 
time (S)

Forced swim test 

***

***

*********

0

50

100

150

200

250

Saline
group

Sulpiride
10 mg/Kg

C.
colocynthis
20 mg/Kg

C.
colocynthis
40 mg/Kg

C.
rotundus
20 mg/Kg

C.
rotundus
40 mg/Kg

Immobility 
time (S)

Tail suspension test 

https://doi.org/10.33263/LIANBS143.150
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS143.150    

https://nanobioletters.com/ 7 of 11 

 

3.3. In vitro BSA denaturation. 

In relation to the denaturation of BSA, the resin extracted from C. rotundus tubers 

demonstrated an IC50 value of 0.543 ± 0.011, showcasing a notable advantage over the 

denaturation activity observed with C. colocynthis Fruit Resin, which registered an 

approximate IC50 value of 0.786 ± 0.026 mg/mL. Noting the superiority of diclofenac 

sodium, the IC50 is estimated at 0.459± 0.018 mg/mL (Figure 3). 

 
Figure 3. Inhibition of Denaturation of BSA activity as a function of concentration. 

3.4. Antimicrobial activity assessment. 

The results illustrate that resins derived from C. rotundus and C. colocynthis exhibit 

antimicrobial activity against a range of microorganisms (Table 1). However, their efficacy 

appears to be comparatively lower when contrasted with the standard antibiotics utilized in 

this investigation. Gentamicin and Amphotericin B, the two standard antibiotics, consistently 

demonstrated superior efficacy against all tested microorganisms, as indicated by larger zones 

of inhibition compared to C. rotundus and C. colocynthis resins. 

Table 1.Antimicrobial activity of C. rotundus tuber resin and C. colocynthis fruit resin. 

Zone of inhibition in mm (% inhibition) 

Concentration 

(mg/ml) 

C. rotundus C. colocynthis Gentamicin 

(10 μg/disc) 

Amphotericin B 

(25 μg/disc) 0.5 1 2 0.5 1 2 

E. coli 7 

(6.25) 

7 

(6.25) 

9 

(18.75) 

7 

(6.25) 

8 

(12.5) 

10 

(25) 
22 Nd 

Ps. aeruginosa 8 

(20) 

9 

(30) 

11 

(50) 

8 

(20) 

8 

(20) 

9 

(30) 
16 Nd 

K. pneumoniae 
6 6 6 6 6 6 29 Nd 

S. aureus 
6 6 6 6 6 6 30 Nd 

C. albicans 14 

(50) 

17 

(68.75) 

17 

(68.75) 

9 

(18.75) 

11 

(31.25) 

12 

(37.5) 
Nd 22 

The table shows the diameter of the inhibition zone in millimeters. The percentage of inhibition is calculated in 

comparison to standard antibiotics Gentamicin and Amphotericin. "Nd" means not determined, and the disk 

diameter is 6 mm (no inhibition). 

Both C. rotundus and C. colocynthis displayed antimicrobial activity against only 

three of the tested microorganisms (E. coli, Ps. aeruginosa, and C. albicans) across all 

concentrations. The diameter of the inhibition zone generally increased with higher resin 

https://doi.org/10.33263/LIANBS143.150
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS143.150    

https://nanobioletters.com/ 8 of 11 

 

concentrations for both plant species, suggesting that higher resin concentrations are more 

effective in inhibiting microbial growth. 

Significantly, C. albicans exhibited heightened susceptibility to C. rotundus resin 

compared to other microorganisms. Specifically, C. rotundus resin achieved the highest 

inhibition rate (68.75%) against C. albicans at a concentration of 2 mg/mL. 

 

This section may be divided by subheadings. It should provide a concise and precise 

description of the experimental results, their interpretation, and the conclusions that can be 

drawn. 

3.5. Discussion. 

The observed differences in behavioral outcomes can be attributed to several factors. 

Firstly, the distinct responses of the two animal models to specific anti-depressants suggest 

potential variations in the pharmacological mechanisms underlying their performance in these 

tests [23]. Secondly, there exists a variance in the sensitivity spectrum to drugs between the 

two models. Bogdanova et al. [24] and Zheng et al. [25] have documented that swimming 

behavior in the Forced Swim Test is influenced by serotonergic neurotransmission, whereas 

climbing behavior is governed by norepinephrinergic neurotransmission. Drugs targeting 

norepinephrine and those with mixed serotonin reuptake inhibition exhibit greater efficacy in 

the Tail Suspension Test [26]. 

Furthermore, administration of 40 mg/kg of C. rotundus tuber resin results in a 

notable reduction in immobility (p < 0.05) in the FST, possibly indicating a sedative effect on 

serotonergic neurotransmission. Hence, it can be inferred that C. rotundus resin lacks 

antidepressant-like actions targeting serotonergic neurotransmission. The observed increase 

in immobility time may stem from non-specific impacts on the rats' general activity and 

motor coordination. However, the absence of antidepressant-like effects offers insights into 

the potential mechanism by which C. rotundus tuber resin exerts its sedative actions. It is 

recognized that many agents enhancing GABAergic transmission induce sedation and 

drowsiness without displaying anti-depressant effects, both in animals and humans [27]. 

Nevertheless, further investigations are warranted to corroborate this hypothesis. 

Moreover, it has been noted that psychotropic tonics, though clinically ineffective as 

anti-depressants, demonstrate anti-dyskinetic effects in the TST and FST mediated by 

stimulants [19,28]. 

In a study conducted by Ben Ali et al. [14], it was demonstrated that the resin 

extracted from C. rotundus tubers possesses notable antioxidant properties [29]. Furthermore, 

it was observed that antioxidants exhibit anti-inflammatory effects. Reactive oxygen species 

(ROS) are well-known to stimulate various intracellular signaling pathways, thereby inducing 

the expression of proinflammatory cytokines. Additionally, ROS can serve as secondary 

messengers, triggering the synthesis of additional inflammatory mediators [30]. Plant-derived 

compounds such as gallic acid, rutin, vanillic acid, quercetin, and kaempferol have been 

identified as capable of intercepting specific signal transduction events essential for the 

activation of these inflammatory mediators, consequently exerting anti-inflammatory effects 

[31,32]. 

The antibacterial and antifungal properties of the resin type seem to be closely 

associated with its total phenolic content. This suggests that phenolic compounds, known for 
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their antioxidant properties, likely play a significant role in the observed antibacterial activity 

[33]. 

4. Conclusions 

Overall, these findings underscore the pharmacological potential of C. rotundus tuber 

resin and C. colocynthis fruit resin as candidates for further investigation in the development 

of novel anti-depressant and anti-inflammatory agents and their potential applications in 

combating microbial infections. However, comprehensive studies encompassing 

pharmacokinetic, pharmacodynamic, and safety profiles are imperative to validate their 

therapeutic utility and clinical translation. 
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