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Abstract 

This work aims to evaluate the anxiolytic-like effects of Phragmanthera capitata in a model of chronic immobilization 
stress in mice. Groups of mice were treated in ten consecutive days as follows: a normal control group (NaCl 0.9% per 
os), a negative control group (chronic immobilization stress + NaCl 0.9% per os), three test groups that were submitted 
to chronic immobilization stress (CIS) and received three doses of the plant (25, 125, and 250 mg/kg, p.o), and a positive 
control group (chronic immobilization stress + diazepam 2 mg/kg, i.p). Open field and dark/light tests were used for 
the evaluation of anxiolytic effects. Antioxidant activities and the involvement of gabaergic neurotransmission were 
determined by measuring the levels of malondialdehyde (MDA), reduced glutathione (GSH), catalase (CAT), gamma 
amino butyric acid (GABA), and GABA-transaminase (GABA-T) in the brain. Our results show that the highest dose of 
Phragmanthera capitata induced a significant increase (p < 0.001) of time spent in the centre, number of crossing and 
number of grooming in the open field test and a significant increase (p < 0.001) of time spent in the light compartment 
and the latency of the first escape in the light compartment of the dak/light test. The level of MDA and the activity of 
GABA-T were significantly decreased by the Phragmanthera capitata while reduced GSH, CAT and GABA, levels were 
increased. These results suggest that Phragmanthera capitata possesses anxiolytic-like effects that may be supported 
by its antioxidant activities and or the GABA neurotransmission. 
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1. Introduction

Homeostasis is an essential phenomenon to life and well-being. It is an equilibrium state characterized by the steadiness 
of the inner environment of the body. This steadiness is frequently challenged by psychological and / or physiological 
stringency. The word “stress” is defined as an imbalanced homeostasis [1], [2] associated with behavioural, biochemical 
and physiological changes [3], [4]. It activates some physiologic and behavioural responses that act to reestablish and / 
or to maintain the homeostasis. The hippocampus and the amygdala are essential components of the neural circuitry 
mediating stress response. Inadequate, excessive and or prolonged stress response may lead to diseases. Several 
psychiatric disorders including anxiety are associated with inadequate GABA brain activity or low levels of GABA and 
high free radicals production. Stress response and anxiety share some neural circuitry mediating components 
supporting the involvement of stress in mood disorders. Anxiety can occur when a combination of internal and or 
external stresses exceeds the normal stress response or when the normal coping ability of a person is reduced for any 
reason. Anxiety is a generalized mood condition that can occur without an identifiable stressor [5], [6]; it is a mental 
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state of turmoil and restlessness with an indefinable feeling of insecurity and objectless fear. Anxiety disorders are 
currently among the ten most important public health concerns, according to the World Health Organization and have 
reached epidemic proportion [7]. In Cameroon, anxiety disorders are among the top three mental diseases [8]. These 
disorders are recognized as main risk factors for many other diseases, including cardiovascular, metabolic and 
neuropsychiatric diseases [9], [7]. Moreover, anxiety is among the most prevalent mental disorder with very high 
comorbidity and severe impact on quality of life [10]. Anxiety disorders have prevalence about 21% over lifetime. They 
are manifested by spasms, palpitations, sweating, sweaty hands, dry mouth, dizziness and chest tightness [11]. Severe 
and or chronic stress has detrimental effects on physiologic functions including behaviours. Chronic immobilization 
stress is known to increase anxiety in mice; this phenomenon can be thwarted by drugs endowed of pharmacological 
activities such as neuroprotective, antioxidant, anti-depressant, and or anxiolytic activity [4]. Benzodiazepines are the 
most common drugs used for the treatment of anxiety. Because of the stigma of mental diseases and the side effects of 
anxiolytic drugs, patients mostly go to traditional healers in Africa [12]. It is becoming very useful to look for alternative 
and low cost effective herbal therapies especially in low income countries where the majority of the population relies 
on herbs remedies [13],[11]. A growing number of herbal medicines are being introduced into psychiatric practice on 
the basis of their efficacy and low side effects for the treatment of psychiatric disorders as severe depression and anxiety 
[14]. Phragmanthera capitata (Loranthaceae) is one of the medicinal plants used in Cameroon for the treatment of 
several diseases as nerve pain [15]. The mistletoe plant, Phragmanthera capitata (P. capitata) belongs to loranthaceae 
family and is widespread in Africa especially in Cameroon, Nigeria, Gabon and Côte d'Ivoire [16]. Cash crops such as 
avocado, cocoa, coffee, citrus appear strongly parasitized by Phragmanthera capitata [17]. This plant is known under 
several names according to the localities in Cameroon: Lihok (Bassa), Kolo'o me tobo (Ewondo), Torikoué (Bakoko) 
[15]. Phytochemical studies of Takem and colleagues revealed that Phragmanthera capitata harvested from avocado 
tree possess high presence of terpenoids and tannins; moderate presence of saponins, glycosides, anthraquinones and 
flavonoids; and low presence of alkaloids and phenols. Earlier scientific studies showed that Phragmanthera capitata 
has anti-diarrheal properties [18]; anti-pyretic and analgesic potentials [19]; and anxiety lowering potentials in a model 
of acute anxiety [20]. Nevertheless, this is the first study evaluating the anxiolytic-like effects of this plant on a chronic 
model of anxiety. The present work was design to assess the effects of Phragmanthera capitata on anxiety-like 
behaviour induced by chronic immobilization stress in mice. 

2.  Material and methods 

2.1. Plant material 

Leaves of Phragmanthera capitata were collected on Persea americana (avocado tree) from the centre region of 
Cameroon (Yaounde). A voucher specimen was deposited at the National Herbarium of Cameroon in Yaounde and 
identified under the number 24673/SRF/CAM 

2.2. Preparation of the aqueous extract 

Fresh leaves of Phragmanthera capitata were dried in the shade, ground and sieved. 3 grams of leaves powder were 
macerated in 24 ml of distilled water for 24 h and filtered with Whatman N°1 filter paper. 16.2 ml of the aqueous extract 
were obtained and were diluted (1/2 and 1/4) by adding distilled water. The filtrate (16.2 ml) was dried in an oven at 
45 °C and 405 mg of brown solid was obtained with a yield of 13.5% (w/w). The following doses were used: 25,  

2.3. Animals 

Adult mice, Mus musculus Swiss (23 - 29 g), were obtained from the animal room of the Department of Biology and 
animal Physiology of the Faculty of Sciences, University of Yaounde 1 (Cameroon). They were housed at a room 
temperature of about 25 °C in a 12h light/12h dark cycle in the laboratory of animal Physiology of the Department of 
Biological Sciences of the High Teacher Training College, University of Yaounde 1 (Cameroon). Food and water were 
available ad libitum. Mice were divided randomly in 6 groups: a normal control group received saline treatment (NaCl 
0.9%; per os) (Control), a negative control group received saline treatment (0.9% NaCl; per os) with chronic 
immobilization stress procedure (NaCl + CIS), one positive control group received Diazepam (2 mg / kg; i.p.) with 
chronic immobilization stress procedure (Diaz + CIS) and three test groups that received orally different doses of the 
aqueous extract of Phragmanthera capitata with chronic immobilization stress procedure (Pc 25 + CIS; Pc 125 + CIS and 
Pc 250 + CIS). NaCl 0.9%, Diazepam and the aqueous extract of Phragmanthera capitata were administered in a volume 
of 10 ml/kg of mice body weight. All protocols were performed according to the International Guide for the Care and 
Use of Laboratory Animal (National Institute of Health; publication No. 85-23, revised 1996) and the National Ethical 
Committee of Cameroon (No. FW-IRB00001954). 
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2.4. Chronic immobilization stress  

The aqueous extract was administered per os 30 minutes before the chronic immobilization stress procedure.  Mice 
were subjected to chronic immobilization stress for 10 consecutive days. Chronic immobilization stress consisted of 
immobilization during 2 h 30 / day in immobilization tubes without access to either food or water [21], [22], [4]. The 
confinement time (2 h 30 minutes) was divided into two steps separated by an interval of one hour of freedom and the 
duration of each step was modulated in a variable way in order to avoid adaptation. 

2.5. Behavioural Assessments 

2.5.1. Open field (OF) test 

The OF used was a wooden square box 40 x 40 x 45 cm; the floor was divided into 16 smaller squares of equal 
dimensions (10 x 10 cm). 24 h after the last chronic immobilization stress procedure, animals received different 
treatments described above. Thirty minutes after receiving the treatments, animals were placed for 5 min into the 
centre of the open field [23], [24]. After each test, the box was cleaned with a 19° ethanol solution and wiped dry. Animal 
behaviours were recorded using a camera (SONY DRC-SR68). The number of crossing (number of square floor units 
crossed), the time spent in the central square, the number of rearing (number of times the animal stood on its hind legs), 
the number of grooming, and the number of defecations were evaluated 

2.5.2. Light/Dark (L/D) test 

The test was performed according to the method described by Campos and colleagues in 2013 [22]. The wood mouse 
light/dark box consisted of two parts, a light open compartment and a darkened closed compartment. Each mice was 
placed individually in the centre of the white area facing the opposite site of the entry of the dark compartment and 
allowed to explore both compartments freely for 5 min. After each test, the box was cleaned with a 19° ethanol solution 
and wiped dry. Animal behaviours were recorded using a camera (SONY DRC-SR68). Behaviours measured included 
times spent in light and dark compartment, and latency to first leave (escape) from the light compartment.  

2.6. Effects of Phragmanthera capitata on the GABAergic neurotransmission and the oxidative stress 
parameters 

Upon exiting the dark/light arena, the animals were sacrificed under anesthesia for biochemical evaluations. The brain 
was isolated on an ice tray, weighed and crushed in a porcelain mortar, then a TRIS buffer solution (pH: 7.4) was added 
to obtain a 5% tissue homogenate. The homogenate obtained was centrifuged at 3000 rpm for 25 minutes. The collected 
supernatant was stored in ependorf tubes at -2 °C in the freezer and the activity level of catalase (CAT) and GABA-
transaminase (GABA-T) and concentration of reduced glutathione (GSH), malondiadéhyde (MDA), gamma amino 
butyric acid (GABA) were evaluated according to different protocols. 

2.6.1. GABA Level 

The quantity of gamma-amino butyric acid in the homogenate was evaluated by the colorimetric assay technique 
described by Lowe and colleagues in 1958 [25]. The working reagent consisted of a mixture of 0.2 ml of ninhydrin 
solution (0.14M) prepared in a carbonate-bicarbonate buffer solution (0.5M; pH 0.9) to which 0.1 ml of glacial 
trichloroacetic acid (TCA) 10%. 100 μL of the supernatant is then taken and introduced into the previous reagent, then 
this mixture is incubated at 60 °C for 30 minutes in a water bath. The mixture is allowed to cool and added to a tube 
containing 2 ml of 0.16% disodium tartrate solution, 0.03% copper sulphate and 0.031% tartaric acid (1/50 dilution). 
The whole was kept at a temperature of 25 °C for 10 minutes. A standard GABA solution was prepared in parallel from 
different masses of GABA (100µg, 150µg, 200µg, 300µg, and 400µg) each mixed with 0.15g of glutamate dissolved in 0.5 
ml of glacial trichloroacetic acid (10%). The absorbance, measured (377/530 nm) using a spectrophotometer, is 
proportional to the concentration of GABA in the homogenates 

2.6.2. GABA-T activity 

The concentration of GABA transaminase was evaluated by the colorimetric assay method of Nayak and Chatteye in 
2001 [26]. 15μmol of α-oxoglutarate, 15μmol of GABA and 10μmol of pyrodoxal phosphate are introduced into dry 
tubes. 0.1 ml of homogenate is added to the test tube and 0.1 ml of 5% methanol to the blank tube. The total volume of 
the mixture was made up to 3 ml with a TRIS-HCL buffer solution (50mM; pH 7.4). The tubes are incubated at 37 °C in 
a water bath for 60 minutes. The reaction is finalized by adding 5 ml of glacial TCA 20%. Before reading on the 
spectrophotometer, 0.1 ml of ferric chloride III (12%) is added. The semialdehyde succinic acid produced during the 
incubation of the mixture was estimated by spectrometry and the absorbance read at 610 nM after 30 and 90 seconds. 
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2.6.3. GSH level 

The method used was developed by Ellman in 1959 [27] for determining the amount of reduced glutathione based on 
the fact that dinitro-2,2'-dithio-5,5'-dibenzoic acid (DTNB) reacts with the thiol groups of glutathione to form a complex 
with a yellow colour which absorbs at 412nM. The pattern (50 µL) was incubated with 750 µL of ellman's reagent. The 
yellow colour developed after one hour was read in the spectrophotometer at 412 nM. 

2.6.4. MDA level 

The procedure is that described by Wilbur and colleagues in 1949 [28]. In the test tubes were introduced 300µL of the 
pattern from brain tissue and in the control tube, 150µL of Tris-HCl buffer 50mM, KCl 150mM, pH 7.4. To each tube was 
added 150µL of TCA 20% and 300µL of thiobarbituric acid (TBA) 0.67%. The tubes were capped with glass beads and 
incubated for 10 minutes at 90 °C in a water bath. They were then cooled in tap water and centrifuged at 3000 rpm for 
15 minutes at room temperature. The supernatants were decanted and the optical densities read at 530nM. 

2.6.5. Catalase activity 

Catalase activity was measured using the method of Sinha [29]. For the tissue catalase assay, 12.5µL of pattern and 
187.5µL of phosphate buffer (0.1M; pH 7.5) were added to each test tube. The stopwatch was started after adding 50µL 
of hydrogen peroxide (50mM). After one minute, the reaction was stopped by adding 500μL of dichromate/acetic acid 
solution. In the control tube was placed 12.5µL of sample and 237.5µL of phosphate buffer (0.1M; pH 7.5) and 500µL of 
potassium dichromate, the whole was heated to 100 °C for 10 minutes. After cooling, the optical density was read on a 
spectrophotometer (GENESYS 20) at 570nm. For each tube, the amount of hydrogen peroxide remaining in the solution 
after adding the acid was evaluated. 

2.7. Acute toxicity (LD50) test 

The acute systemic toxicity of Phragmanthera capitata evaluated the adverse effects that occur following oral exposure 
of mice to a single dose of the aqueous extract of Phragmanthera capitata within 24 hours [30]. This test was carried 
out in two phases: 

2.7.1. Phase I 

In the first phase, mice divided into three groups of six mice each, are given 10, 100, 1000 mg / kg of the aqueous extract 
of Phragmanthera capitata. After administration, observations were made at regular interval to check for the onset of 
adverse effect, time to death or time to recover. The period of observation in this phase I was to 24 hours. 

2.7.2. Phase II 

This phase involved the use of two groups of six mice each. In this phase, the animals were administered higher dose of 
1600, 2900 and 4000 mg/kg of the aqueous extract of Phragmanthera capitata. The mice were also monitored for 24 
hours. The number of deaths was recorded and the LD50 was calculated as the geometric mean of the highest non-lethal 
dose (a) and the least toxic dose (b).  

LD50 = √𝑎 × 𝑏 [30], [31], [32]. 

2.8. Statistical analysis 

Statistical analysis of the values obtained and the construction of the graphs was performed using Graph Pad Prism 
version 5.03 and Microsoft Office Excel 2013. The results were expressed as mean ± standard error of mean (SD). The 
different values were compared using one-way analysis of variance (ANOVA) and when differences existed, the 
Dunnets’s multiple comparison tests were used as the post hoc test. P ≤ 0.05, data were considered significantly 
different.  
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3. Results  

3.1. Effects of Phragmanthera capitata on anxiety-like behaviours induced by chronic immobilization stress in 
mice in the open field test 

3.1.1. Effects of Phragmanthera capitata on time spent in the centre  

The OF test revealed that CIS induce a significant decrease of the time spent in the centre from 5.18 ± 1.67 in control 
group to 2.27 ± 0.97 in NaCl + CIS group (56.17%) (Fig 1). P. capitata reduced, in dose dependent manner, the decrease 
induced by the CIS on the time spent in the centre from 5.18 ± 1.67 in control group to 3.94 ± 2.06 in P.c. 25 + CIS group 
(23.93%) and to 4.90 ± 1.76 in P.c. 125 + CIS group (5.40%). These effects highlight the increase of the time spent in the 
centre from 2.27 ± 0.97 in NaCl + CIS group to 3.94 ± 2.06 in P.c. 25 + CIS group and to 4. 90 ± 1.76 in P.c. 125 + CIS group 
(Fig 1).  

 
Data are mean of time spent in the centre ± SD on each group. N = 6; * p < 0.05; ** p < 0.01; *** p < 0.001 significant differences in comparison with 

NaCl + CIS group. NaCl + CIS = negative control; Diaz + CIS = positive control. Pc 25, Pc 125, Pc 250: doses of Phragmanthera capitata. 

Figure 1 Effects of Phragmanthera capitata on the time spent in the centre  

3.1.2. Effects of Phragmanthera capitata on the number of crossing 

 
Data are mean of the number of crossing ± SD on each group. N = 6; ** p < 0.01; *** p < 0.001 significant differences in comparison with NaCl + CIS 

group. NaCl + CIS = negative control; Diaz + CIS = positive control. Pc 25, Pc 125, Pc 250: doses of Phragmanthera capitata 

Figure 2 Effects of Phragmanthera capitata on the number of crossing 

CIS induced a significant decrease of the number of crossing from 91.16 ± 6.88 in control group to 44.66 ± 11.36 in NaCl 
+ CIS group (51%) (Fig 2). The Fig 2 shows that P. capitata inhibited the decrease of the number of crossing induced by 
the CIS from 91.16 ± 6.88 in control group to 49.00 ± 9.16 in P.c. 25 + CIS group (46.24%). These effects are underlined 
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by the increase of the number of crossing from 44.66 ± 11. 36 in NaCl + CIS group to 49.00 ± 9.16 in P.c. 25 + CIS group 
(9.71%) and to 92.16 ± 11.16 in P.c. 125 + CIS group (106.35%).  

3.1.3. Effects of Phragmanthera capitata on the number of rearing 

The OF test demonstrated that CIS induced a significant increase of the number of rearing from 14.00 ± 3.68 in control 
group to 31.83 ± 7.83 in NaCl + CIS group (127.35%). P. capitata minimized the increase of the number of rearing 
induced by the CIS from 14.00 ± 3.68 in control group to 21.33 ± 5.60 in P.c. 25 + CIS (52.35%) and to 16.00 ± 8.76 in 
P.c. 125 + CIS group (14.28%); these effects are brought out by the decrease of the number of rearing from 31.83 ± 7.83 
in NaCl + CIS group to 21.33 ± 5.60 in P.c. 25 + CIS (32.98%) and to 16.00 ± 8.76 in P.c. 125 + CIS group (49.73%) (Fig 
3). 

 
Data are mean of the number of rearing ± SD on each group. N = 6; * p < 0.05, ** p < 0.01, *** p < 0.001 significant differences in comparison with 

NaCl + CIS group. NaCl + CIS = negative control; Diaz + CIS = positive control. Pc 25, Pc 125, Pc 250: doses of Phragmanthera capitata. 

Figure 3 Effects of Phragmanthera capitata on the number of rearing 

3.1.4. Effects of Phragmanthera capitata on the number of grooming 

 
Data are mean of the number of grooming ± SD on each group. N = 6; * p < 0.05; ** p < 0.01; *** p < 0.001 significant differences in comparison with 

NaCl + CIS group. NaCl + CIS = negative control; Diaz + CIS = positive control. Pc 25, Pc 125, Pc 250: different doses of Phragmanthera capitat 

Figure 4 Effects of Phragmanthera capitation the number of grooming 
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CIS induced a significant decrease of the number of grooming from 9.16 ± 0.75 in control group to 3.83 ± 1.16 in NaCl + 
CIS group (58.18 %) (Fig 4).The Fig 4 shows that Phragmanthera capitata reduced, in dose dependent manner, the 
decrease induced by the CIS on the number of grooming 9.16 ± 0.75 in control group to 6.83 ± 1.47 in P.c. 25 + CIS group 
(25.43 %) and to 8.66 ± 1.63 in P.c. 125 + CIS group (5.45 %); these effects are displayed by the increase of the number 
of grooming from 3.83 ± 1.16 in NaCl + CIS group to 6.83 ± 1.47 in P.c. 25 + CIS group (78.32 %) and to 8.66 ± 1.63 in 
P.c. 125 + CIS group (126.10 %) (Fig 4).  

3.1.5. Effects of Phragmanthera capitata on the number of defecations 

The Fig 5 shows that CIS induced a significant increase of the number of defecations from 1.16 ± 0.40 in control group 
to 2.33 ± 0.51 in NaCl + CIS group (100.86%). P. capitata reduced, the increase of the number of defecation from 1.16 ± 
0.40 in control group to 1.66 ± 0.81 in P.c. 25 + CIS group (43.10%) and to 1.33 ± 0.51 in P.c. 125 + CIS group (14.65%); 
these effects are proven by the decrease of the number of defecation from 2.33 ± 0.51 in NaCl + CIS group to 1.66 ± 0.81 
in P.c. 25 + CIS (28.75%) and to 1.33 ± 0.51 in P.c. 125 + CIS group (42.91%) (Fig 5).  

 
Data are mean of the number of defecation ± SD on each group. N = 6; * p < 0.05; ** p < 0.01 significant differences in comparison with NaCl + CIS 

group. NaCl + CIS = negative control; Diaz + CIS = positive control. 

Figure 5 Effects of Phragmanthera capitata on the number of defecations 

3.2. Effects of Phragmanthera capitata on Anxiety-Like behaviours induced by chronic immobilization stress 
in mice on the Light/Dark Test. 

3.2.1. Effects of Phragmanthera capitata on the time spent in light compartment  

The L/D test revealed that the CIS induced a significant decrease of the time spent in the light compartment from 163.32 
± 8.81 s in control group to 91.37 ± 8.11 in NaCl + CIS group (44.05%) (Fig 6). P. capitata reduced in dose dependent 
manner the decrease of the time spent in light compartment induced by CIS from 163.32 ± 8.81 s in control group to 
95.70 ± 8.88 in P.c. 25 + CIS group (41.40%) and to 145.14 ± 29.79 in P.c. 125 + CIS group (11.13%). These effects are 
displayed by the increase of the Time spent in light compartment from 91.37 ± 8.11 in NaCl + CIS group to 95.70 ± 8.88 
in P.c. 25 + CIS group (4.73%) and to 145.14 ± 29.79 in P.c. 125 + CIS group (58.84%) (Fig 6) 
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Data are mean of time spent in light compartment ± SD on each group. N = 6; ** p < 0.01, *** p < 0.001 significant differences in comparison with 

NaCl + CIS group. NaCl + CIS = negative control; Diaz + CIS = positive control. 

Figure 6 Effects of Phragmanthera capitata on time spent in the light compartment  

3.2.2. Effects of Phragmanthera capitata on time spent in the dark compartment 

The L/D test showed that the CIS induced a significant increase of time spent in dark compartment from 136.67 ± 9.85 
s in control group to 208.61 ± 9.07 in NaCl + CIS group (52.63%) (Fig 7). P. capitata reduced in dose dependent manner 
the increase of the time spent in dark compartment induced by CIS from 136.67 ± 9.85 s in control group to 154.85 ± 
33,3 s in P.c. 125 + CIS group (13.30%). These effects are displayed by the decrease of the time spent in dark 
compartment from 208.61 ± 9.07 in NaCl + CIS group to 154.85 ± 33,3 s in P.c. 125 + CIS group (25.77%) and to 129.19 
± 16.26 in P.c. 250 + CIS group (38.07%) (Fig 7). 

 
Data are mean of time spent in light compartment ± SD on each group. N = 6; ** p < 0.01, *** p < 0.001 significant differences in comparison with 

NaCl + CIS group. NaCl + CIS = negative control; Diaz + CIS = positive control. 

Figure 7 Effects of Phragmanthera capitata on time spent in dark compartment 

3.2.3. Effects of Phragmanthera capitata on the number of entries in the light compartment 

CIS induced a significant decrease of the number of entries in light compartment from 11.16 ± 1.94 in control group to 
4.16 ± 1.72 in NaCl + CIS group (62.72%) (Fig 8). P. capitata reduced, in dose dependent manner, the effects of CIS on 
the number of entries in light compartment. These effects are underlined by the increase of the number of entries in 
light compartment from 4.16 ± 1.72 in NaCl + CIS group to 7.16 ± 1.47 in P.c. 125 + CIS (72.11%) and to 10.16 ± 1.72 in 
P.c. 250 + CIS group (144.23%) (Fig 8). 
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Data are mean of time spent in light compartment ± SD on each group. N = 6; ** p < 0.01, *** p < 0.001 significant differences in comparison with 

NaCl + CIS group. NaCl + CIS = negative control; Diaz + CIS = positive control. 

Figure 8 Effects of Phragmanthera capitata on the number of entries in the light compartment  

3.2.4. Effects of Phragmanthera capitata on the latency to escape the light compartment  

CIS induced a significant decrease of the latency to first escape from 49.16 ± 7.57 s in control group to 19.83 ± 4.57 s. in 
NaCl + CIS group (59.66%) (Fig 9). P. capitata reduced, in dose dependent manner, the effects of CIS on the latency to 
first escape the light compartment. This lowering effect is proven by the increase of the latency to first escape from 
19.83 ± 4.57 s in NaCl + CIS group to 23.16 ± 7.05 s in P.c. 25 + CIS (16.79%) and to 32.83 ± 6.46 s in P.c. 125 + CIS group 
(65.55%) (Fig 9). 

 
Data are mean of latency to first escape the light compartment ± SD on each group. N = 6; ** p < 0.01; *** p < 0.001 significant differences in 

comparison with NaCl + CIS group. NaCl + CIS = negative control; Diaz + CIS = positive control. 

Figure 9 Effects of Phragmanthera capitata on the latency to first escape the light compartment  

3.3. Effects of Phragmanthera capitata on the GABAergic neurotransmission  

3.3.1. Effects of Phragmanthera capitata on the level of GABA 

The GABA level decreased from 397.60 ± 8.72 µg/g tissue in control group to 139.72 ± 8.73 µg/g tissue (p < 0.001) in 
the NaCl + CIS group. P. capitata induced a dose-dependent increase in GABA level. The highest dose of P. capitata 
(250mg/kg) induced an increase up to 393.96 ± 4.84 µg/g tissue (p < 0.001) compared to the NaCl + CIS group. The 
GABA level was also increased in diazepam group (p < 0.001), compared to the NaCl + CIS group (Table 1). 
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3.3.2. Effects of Phragmanthera capitata on the activity of GABA-T 

GABA-transaminase activity increased from 47.85 ± 7.34 pg/ min/mg tissue in control group to 100.65 ± 7.34 
pg/min/mg tissue (p < 0.001) in NaCl + CIS group. Phragmanthera capitata has diminished the GABA-T activity from 
100.65 ± 7.34 pg/min/mg tissue in the NaCl + CIS group to 75.90 ± 8.55 (p < 0.005) and 43.89 ±7.12 pg/min/mg tissue 
(p < 0.001) in Phragmanthera capitata 125 + CIS group and Phragmanthera capitata 250 + CIS group respectively. 
Diazepam also reduced GABA-T activity to 50.16 ± 8.91 pg/min/mg tissue (p < 0.001) compared to the NaCl + CIS group 
(Table 1). 

3.4. Effects of Phragmanthera capitata on oxidative stress parameters 

3.4.1. Effects of Phragmanthera capitata on the activity of CAT 

Catalase activity significantly increased from 151.93 ± 4.46 kU/g of tissue in the control group to 283.66 ± 5.83 kU/g 
tissue in the NaCl + CIS group (p < 0.001). P. capitata reversed the increase in Catalase activity from 283.66 ± 5.83 kU/g 
in NaCl+ CIS group to 250.22 ± 26.25 kU/g (p < 0.05) and 237.43 ± 30.54 kU/g of tissue (p < 0.005) in P. capitata 125 + 
CIS group and P. capitata 250 + CIS group respectively. Diazepam also reversed the increase of Catalase activity induced 
by CIS (p < 0.001; Table 1). 

3.4.2. Effects of Phragmanthera capitata on the level of GSH 

The GSH level decreased significantly in the NaCl + CIS group (106.48 ± 6.36 nmol/mg tissue) compared to the control 
group (210.73 ± 3.50 nmol/mg tissue; p < 0.001). P. capitata induced a dose-dependent a reduction of the decrease of 
the GSH level from 106.48 ± 6.36 nmol/mg of tissue in the NaCl + CIS group to 165.81 ± 10.70 (p < 0.001) and 210.08 ± 
7.44 nmol/mg of tissue (p < 0.001) in P. capitata 125 + CIS group and P. capitata 250 + CIS group respectively. Diazepam 
increased GSH level to 209.93 ± 9.52 nmol/mg (p < 0.001), respectively, relative to the NaCl + CIS group (Table 1). 

3.4.3. Effects of Phragmanthera capitata on the level of GSH 

MDA level increased significantly from 127.54 ± 1.14 nmol/g tissue in the control group to 177.83 ± 9.28 nmol/g tissue 
in the NaCl + CIS group (p < 0.001). P. capitata reversed the increase in MDA level from 177.83 ± 9.28 nmol/g in NaCl + 
CIS group to 160.33 ± 9.89 nmol/g (p < 0.005) and 138.03 ± 6.43 nmol/g of tissue (p < 0.001) in P. capitata 125 + CIS 
group and P. capitata 250 + CIS group respectively. Diazepam also reversed the increase of MDA induced by CIS (p < 
0.001; Table 1). 

Table 1 Effects of P. capitata on stress markers in brain of mice after CIS 

Traitments  

Groups 

Doses 

(mg/kg) 

GABA 
(µg/g) 

GABA-T 
(pg/min/mg) 

GSH 
(mmol/mg) 

MDA 
(mmol/mg) 

CAT (kU/g) 

Control  - 397.6 ± 8.72 47.85 ± 7.34 210.73 ± 3.50 127.54 ± 1.14 151.93 ± 
4.46 

NaCl + CIS - 139.72 ± 
8.73 

100.65 ± 7.34 106.48 ± 6.36 177,83 ± 9.28 283.66 ± 
5.83 

Diaz  + CIS 2 390.50 ± 
7.86 

50.16 ± 8.91 209.93 ± 9.52 124,95 ± 3.90 153.11 ± 
9.12 

P. capitata   25  

+  CIS 

25 210.09 ± 
9.67 

95.37 ± 5.22 122.71 ± 
11.01 

174,75 ± 8.71 250.22 ± 
26.25 

P. capitata 125  

+  CIS 

125 285.88 ± 
5.52 

75.90 ± 8.55 165.81 ± 
10.70 

160.33 ± 9.89 237.43 ± 
30.54 

P. capitata 250 
+ CIS 

250 393.96 ± 
4.84 

43.89 ±7.12 210.08 ± 7.44 138.03 ± 6.43 174.23 ± 
23.72 

Data are means ± SD. N = 6 per dose. Control : distilled water 

3.5. Acute toxicity of Phragmanthera capitata  

No death was recorded up to dose 2900 mg/kg following the administration dose range of our protocol. The first cases 
of death were recorded at the dose 4000 mg/kg (3deaths over 6 mice). Thus, 2900 mg/kg was considered as the highest 
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non-lethal dose (a) and 4000 mg/kg was considered the least toxic dose (b). The estimated LD50 was then 3405.87 
mg/kg.  

4. Discussion 

Upshots of this study clarify the effects of Phragmanthera capitata on anxiety-like behaviours induced by CIS in mice. 
The time spent in the centre of the open field apparatus indicates immobility behaviour. Our study showed that CIS 
induces a significant decrease of the time spent in the centre, demonstrating that anxiety reduces immobility in mice. 
The administration of Phragmanthera capitata induced an increase of immobility similarly to the orthodox treatment 
with diazepam, suggesting anxiolytic effect. The number of crossing refers to exploratory behaviour in this test. The 
administration of Phragmanthera capitata induced an increase of exploratory activity on anxious mice. The increase in 
the number of crossing is a sign of intrinsic inhibition of anxiogenesis [33]. The number of rearing indicates locomotion 
behavior in this test. The administration of Phragmanthera capitata on anxious mice induced a decrease of exploration. 
Because of the direct relation between exploration and anxiety, this result highlights an exploration decreasing effects, 
so a sign of intrinsic inhibition of anxiogenesis, of Phragmanthera capitata on anxious mice [33]. Grooming behaviour 
is an index of behavioural adaptation to a stressful situation. Findings of this study in the open field test show an 
increased number of grooming on animals treated with Phragmanthera capitata, indicating an anxiolytic-like effect 
according to the similar reduction of anxiety-like behaviour observed following the orthodox treatment with diazepam 
[34]. The number of defecations refers to excretion. In this study, as Fig. 5 shows that anxiety increases the number of 
defecation, it indicates also that Phragmanthera capitata induced a reduction of the number of defecation on anxious 
mice. Defecation is an indicator of emotionality in animals; research shows that high emotionality is related to an 
increase in defecation and that anti-anxiety drugs reduce defecation in anxious mice [34]. This result suggest an 
excretory lowering, so an anxiolytic, effect of Phragmanthera capitata. 

An increase of the number of crossing and time spent in the centre of the open field displays a reduction of stress 
[35],[35], [37]. Therefore, it is known that anxiolytic treatments do not by themselves increase exploration in the open 
field but they decrease the stress-induced reduction of exploration behaviour [38]. open field paradigm findings 
suggests that this plant possesses anxiolytic and or anti anxiogenic properties. 

The light/dark (L/D) test is a commonly used model to evaluate anxiolytic-like effects in rodents [39]. It is based on the 
innate aversion of rodents to brightly illuminated areas and on the spontaneous exploratory behaviour of the animals 
[40]. In rodents, this model generates an inherent conflict between their exploration and their avoidance of the light 
compartment. P. capitata increased the time spent in the light compartment of the L/D paradigm in stressed mice. 
Treatment with anxiolytic drugs such as benzodiazepines increases the time spent in the light compartment as well as 
the number of transitions between the two areas [22] so the increase of the time spent in the light compartment suggests 
an anxiolytic effect. It is known that treatment with anxiolytic, such as Diazepam, increases the time spent in the light 
compartment [40]. The light/dark outcomes confirm anxiolytic-like effects of P. capitata observed in the open field. 
These findings are in accordance with those of Takem and colleagues [20] that showed an anxiety lowering potential of 
P. capitata. Several psychiatric and neurological disorders including anxiety are associated with low GABA levels or 
decreased GABA function in the brain. Too much nervous excitation can lead to neuropsychiatric diseases; it must be 
balanced with inhibition. GABA, the most important inhibitory neurotransmitter in the brain, provides this inhibition 
by acting during stress. Many anti-anxiety treatments target the GABAergic neurotransmission.. GABA is produced via 
the action of the enzyme glutamate decarboxylase on glutamic acid and metabolized by GABA-T [48]. The involvement 
of GABA neurotransmission is supported through the inhibition of the activity of GABA-T by Phragmanthera capitata 
aqueous extracts that also explained the increase of brain GABA concentration in administered mice with the different 
doses of extracts. These results suggest that Phragmanthera capitata aqueous extract is gifted to refurbish and sustain 
the steadiness between neuronal excitation and inhibition through the modulation of GABAergic neurotransmission, 
and reduce anxiety in mice [33]. 

Oxidative stress has been implicated in neurologic degenerative disorders [41]. So exploration of natural elements 
which have biological activity become one of the researcher targets because synthetic compounds which have biological 
activities such as synthetic antioxidant compounds are carcinogenic [42]. Degenerative diseases, where the function 
and structure of a tissue or organs deteriorate over time have been attributed to oxidative stress conditions, supporting 
that oxidative stress and degenerative diseases are interconnected [43]. Moreover, free radicals are involved in the 
neurotoxicity and hyper excitability of the amygdale observed during chronic stress. Catalase is present in almost all 
aerobic organisms; it was the first identified oxidoreductase. Catalase breaks down hydrogen peroxide molecules into 
water and oxygen. Catalase deficiency or malfunction leads to many diseases such neuropsychiatric diseases. This study 
showed that P. capitata increases catalase level in stressed mice. An increase of Catalase level suggests an increase of 
antioxidant activity. Similarly, a low level of GSH is the manifestation of oxidative stress because GSH prevents any 
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cellular deleterious effect such as lipid peroxidation [44] by neutralizing some free radicals. This study also showed that 
P. capitata increases GSH level in stressed mice, suggesting an increase of antioxidant activity. The increase of 
antioxidant activities is confirmed by the level of MDA. The level of MDA is a marker of lipid oxidation. It is known that 
MDA is one of the end products of the oxidation of polyunsaturated fatty acids. Therefore, a high level of MDA is an 
indicator of oxidative stress and cellular damages [45]. This study reveals that P. capitata decreases the level of MDA in 
the brain of depressed mice by increasing antioxidant activities. The decrease of MDA and the increase in GSH and 
catalase reveal an antioxidant effect of the plant [46]. These findings are in accordance with those of Etame-Loe and 
colleagues that demonstrate the antioxidant potential of P. capitata Error! Reference source not found.. The result of 
acute toxicity evaluation is in accordance with results of Takem and colleagues that showed the safety of the aqueous 
extract of Phragmanthera capitata up to a dose of 3000 mg/kg [18]. 

5.  Conclusion 

This study brings out that P. capitata increases the GABA level and decreases the GABA-T activity in the brain of stressed 
mice. The increase in GABA level and a decrease in GABA-T activity highlight an interaction of P. capitata with the GABA 
neurotransmission. These results prove that P capitata enhances the GABAergic neurotransmission, illustrating that 
this plant is able to inhibit anxiogenic effects of CIS mice. 

P. capitata possesses anti-anxiogenic and or anxiolytic-like effects mediated by an action on the GABAergic 
neurotransmission and the antioxidant system. These properties support the pertinence of the use of this plant in 
Cameroonian traditional medicine 

 Compliance with ethical standards 

Acknowledgments 

The authors are very thankful to Lab Animal Physiology of the high teacher training school of the University of Yaounde 
I, Cameroon, for supporting us by providing apparatus. 

 Disclosure of conflict of interest 

The authors declare that there are no conflicts of interest in this study. 

Statement of ethical approval 
All protocols were performed according to the International Guide for the Care and Use of Laboratory Animal (National 
Institute of Health; publication No. 85-23, revised 1996) and the National Ethical Committee of Cameroon (No. FW-
IRB00001954). 

References 

[1] Chrousos GP: stress and disorders of stress system. Nat. Rev. Endocrinol. 2009 Vol. 5(7) : 374-381. DOI 
: 10.1038/nrendo.2009.106. 

[2] Tsigos Constantine, Loanis Kyrou, Eva Kassi, and George P. Chrousos: Stress: Endocrine physiology and 
pathophysiology. Endotext - NCBI Bookshelf ID: NBK278995. 

[3] Akhtar M., Pillai K.K., Vohora D. Effect of thioperamide on oxidative stress markers in middle cerebral artery 
occlusion model of focal cerebral ischemia in rats. Hum. Exp. Toxicol. 2008 Vol. 27: 761–7. 
DOI: 10.1177/0960327108094608. 

[4] Meejuru Glory Florence, Somavarapu Anushri, Chandra Ravi, Danduga Sekhara Reddy, Lakshmi Sudeepthi 
Nissankara Roa and Phani Kumar Kola: Protective effects of duloxetine against chronic immobilisation stress-
induced anxiety, depression, cognitive impairment and neurodegeneration in mice. Journal of Pharmacy and 
Pharmacology, 2021 Vol. 73: (4) 522-534. DOI: 10.1093/jpp/rgaa003. 

[5] Wittchen HU, Zhao S and Kessler RC. : Generalized anxiety disorder in the National Comorbidity Survey. Archive 
Gen Psychiatry. 1994 Vol. 51:355-364. DOI: 10.1001/archpsyc.1994.03950050015002. 

[6] Korte SM.: Corticosteroids in relation to fear, anxiety and psychopathology. Neurosci Biobehav Rev. 2001 Vol. 
25:117-142. DOI: 10.1016/s0149-7634(01)00002-1. 

https://doi.org/10.1038/nrendo.2009.106
http://www.ncbi.nlm.nih.gov/books/nbk278995/
https://doi.org/10.1093/jpp/rgaa003
https://doi.org/10.1001/archpsyc.1994.03950050015002
https://doi.org/10.1016/s0149-7634(01)00002-1


GSC Advanced Research and Reviews, 2023, 17(02), 129–143 

141 

[7] Thase M.E.: Managing depressive and anxiety disorders with escitalopram. Expert Opinion of Pharmacotherapy. 
2006 Vol. 7: 429–440. DOI: 10.1517/14656566.7.4.429. 

[8] Ministry of Health Cameroon: National program for mental health, “programme national de santé mentale”. 2006 
pp 1-31 

[9] Cryan J. F., Holmes A.: The ascent of mouse: advances in modelling human depression and anxiety. Nature 
Reviews Drug Discovery. 2005 Vol. 4: 775-790. DOI: 10.1038/nrd1825. 

[10] Ngo Bum E., Nanga L. D., Soudi S., Taiwe G. S., Ayissi E. R., Dong C., et al: Anxiolytic activity evaluation of four 
medicinal plants from Cameroon. African Journal of Traditional Complementary and Alternative Medicine. 2011 
Vol. 8:130-139. DOI: 10.4314/ajtcam.v8i5S.19. 

[11] Ayissi Mbomo R. E., Kandeda Kavaye A., Moto Okomolo F. C, Nanga L. D, Djangou Siebatcheu S. L. and Dimo T.: 
Effects of the Hydroalcoholic Extract of Passiflora edulis on Anxiety Induced by Sub-acute Immobilization Stress. 
Journal of Advances in Medicine and Medical Research. 2020 Vol. 32(5): 159-169. DOI: 
10.9734/JAMMR/2020/v32i530425. 

[12] Griffiths K.M., Carron-Arthur B., Parsons A., Reid R.: Effectiveness of programs for reducing the stigma associated 
with mental disorders. A meta-analysis of randomized controlled trials. World Psychiatry. 2014 Vol. 13(2):161-
175. DOI: 10.1002/wps.20129. 

[13] Zhang Z.: Therapeutic effects of herbal extracts and constituents in animal models of psychiatric disorders. Life 
Sci. 2004 Vol. 75:1659-1699. DOI: 10.1016/j.lfs.2004.04.014 

[14] Ji W. J., Nam Y. A., Hye R. O., Bo K. L., Sun J. K., Jae H. C., Jong H. R.: Anxiolytic effects of the aqueous extract of 
Uncaria rhynchophylla. Journal of Ethnopharmacology. 2006 Vol. 108 (2): 193-197. DOI: 
10.1016/j.jep.2006.05.019. 

[15] Ladoh-Yemeda Christelle Flora1, Ndongo Din, Tomedi Eyango Minette: Medicinal Potentials of Phragmanthera 
capitata (Sprengel) S. balle (Loranthaceae) Used in the City of Douala (Cameroon). Haya Saudi J Life Sci. 2019 
Vol. 4(1): 1-14. DOI: 10.21276/haya.2019.4.1.1 

[16] Dibong S., Din N, Prisi R., Taffouo V., Fankem H., Sallé G., Amougou A.: Parasitism of host trees by the Loranthaceae 
in the region of Douala (Cameroun). Afr. J. env. Sci.and Technology. 2008 Vol. 2: 22 – 30. 

[17] Dibong S. D., Ndiang Z., Mony R., Boussim Issaka J., Amougou A.: A parasitic study of Phragmanthera capitata 
(Sprengel) S. Balle (Loranthaceae) in the anthropic environments : The case of the Ndogbong chieftain’s 
compound orchard (Douala, Cameroon). Af. J. of Agr. Res. 2010 Vol. 5: 2051 – 2055. DOI: 10.5897/AJAR09.741 

[18] Takem L. P., Lawal B. A. S. and Lennox J. A.: Anti-diarrhoeagenic Properties of Aqueous Extract of Phragmanthera 
capitata S. Balle in Albino Rats. European Journal of Medicinal Plants. 2014 c Vol. 4(6): 743-752. 

[19] Takem Lapah Pierre, Noa Pierre Abe and O. John Ogbonna: Anti-Pyretic and Analgesic Potentials of Aqueous 
Extract of Phragmanthera capitata S. Balle in Albino Rats. American Journal of Pharmacy and Pharmaceutical 
Sciences. 2014 a Vol. 1(2):37-43. DOI: 10.12966/ajpps.06.03.2014. 

[20] Takem Lapah Pièrre, Grace A. Eshiet, Ogbeihe Geraldine Ogom, Uket Uket Mbang: Exploratory and anxiety 
potentials of aqueous extract of Phragmanthera capitata. Journal of Phytopharmacology. 2014 b Vol. 3(6): 400-
404 

[21] Vyas A., Mitra R., Shankaranarayana Rao B.S., Chattarji S.: Chronic stress induces contrasting patterns of dendritic 
remodeling in hippocampal and amygdaloid neurons. J Neurosci. 2002 Vol. 22: 6810–6818. DOI: 10.1523 / 
JNEUROSCI.22-15-06810.2002 

[22] Campos Alline C., Manoela V. Fogaça, Daniele C. Aguiar, and Francisco S. Guimaraes: Animal models of anxiety 
disorders and stress. Revista Brasileira de Psiquiatria. 2013 Vol. 35:S101–S111. DOI: 10.1590/1516-4446-2013-
1139. 

[23] Royce J.R: On the construct vality of open-fieldmeasures. Psychological Bulletin. 1977 Vol. 84: 1098–1106. 

[24] Moto Fleur C. O., Aren Arsa’a, Ngoupaye Gwladys T., Taiwe Germain S., Njapdounke Jacqueline S. K., Kandeda 
Antoine K., et al : Anxiolytic and Antiepileptic Properties of the Aqueous Extract of Cissus quadrangularis 
(Vitaceae) in Mice Pilocarpine Model of Epilepsy. Frontiers in Pharmacology. 2018 Vol. 9:751. 
DOI: 10.3389/fphar.2018.00751. 

[25] Lowe I. P., Robins E., and Eyerman G. S.: The fluorimetric measurement of glutamic decarboxylase measurement 
and its distribution in brain. J. Neuro Chem. 1958 Vol. 3: 8–18. DOI: 10.1111/j.1471-4159.1958.tb12604.x. 

https://doi.org/10.1517/14656566.7.4.429
https://doi.org/10.1038/nrd1825
https://doi.org/10.4314%2Fajtcam.v8i5S.19
https://doi.org/10.1002/wps.20129
https://doi.org/10.1016/j.lfs.2004.04.014
https://doi.org/10.1016/j.jep.2006.05.019
https://doi.org/10.1523/jneurosci.22-15-06810.2002
https://doi.org/10.1523/jneurosci.22-15-06810.2002
https://doi.org/10.1590/1516-4446-2013-1139
https://doi.org/10.1590/1516-4446-2013-1139
https://doi.org/10.3389%2Ffphar.2018.00751
https://doi.org/10.1111/j.1471-4159.1958.tb12604.x


GSC Advanced Research and Reviews, 2023, 17(02), 129–143 

142 

[26] Nayak P., and Chatterjee A. K.: Dietary protein restriction causes modification in aluminum induced alteration in 
glutamate and GABA system of rat. BMC Neurosci. 2003 Vol. 4:4. doi: 10.1186/1471-2202-4-4. 
DOI: 10.1186/1471-2202-4-4. 

[27] Ellman G. L.: Tissue sulphydryl groups. Arch. Biochem. Biophys. 1959 Vol. 82: 70–73. DOI: 10.1016/0003-
9861(59)90090-6. 

[28] Wilbur K. M., Bernheim F., and Shapiro O. W.: The thiobarbituric acid reagent as a test for the oxidation of 
unsaturated fatty acids by various agents. Arch Biochem. 1949 Vol. 24(2):305-313.  

[29] Sinha A.K. (1972) Clolorimetric assay of catalase. Analytica Biochimistry. Vol. 47, Issue, Pages 389-394 

[30] J. Shetty Akhila, Shyamjith, Deepa and M.C. Alwar. Acute toxicity studies and determination of median lethal dose. 
Current Science 2007 Vol 93 (7) 

[31] David Arome* and Enegide Chinedu. The importance of toxicity testing. J. Pharm. BioSci. 2013 Vol 4  

[32] Earnest Oghenesuvwe ERHIRHIE, Chibueze Peter IHEKWEREME, Emmanuel Emeka ILODIGWE. Advances in 
acute toxicity testing: strengths, weaknesses and regulatory acceptance. Interdiscip Toxicol. 2018 Vol. 11 (1): 5–
12. doi: 10.2478/intox-2018-0001 

[33] Ngo Bum E., Taiwe G.S., Moto F.C.O., Ngoupaye G.T., Nkantchoua G.C.N., Pelanken M.M., Rakotonirina SV, 
Rakotonirina A. : anxiolytic and sedative properties of the roots of Nauclea latifolia Smith in mice. Epilepsy and 
Behavior. 2009 Vol. 15 (4): 434-440. DOI: 10.1016/j.yebeh.2009.05.014. 

[34] Angrini M., Leslie J.C., Shephard RA : Effects of propranolol, buspirone, pCPA, reserpine, and chlordiazepoxide on 
open-field behavior. Pharmacol Biochem Behav. 1998 Vol. 59 (2): 387-397. DOI: 10.1016/s0091-
3057(97)00457-7 

[35] Augustsson H. : Ethoexperimental Studies of Behaviour in Wild and Laboratory Mice, Risk Assessment, Emotional 
Reactivity and Animal Welfare. Ph.D. thesis, Swedish University of Agricultural Sciences. Uppsala, 2004, 62. 

[36] Manchanda R.K., Jaggi A.S., Singh N.: Ameliorative potential of sodium cromoglycate and diethyldithiocarbamic 
acid in restraint stress-induced behavioral alterations in rats. Pharmacol Rep. 2011 Vol. 63 (1): 54-63. 
DOI: 10.1016/s1734-1140(11)70398-x. 

[37] Moto F.C.O., Ngo Bum E., Talla E., Taiwe G.S., Ngoupaye G.T.: Anxiolytic-like effects of the decoction of 
Psorospermum febrifugum in mice. Asian Journal of Pharmaceutical and Health Sciences. 2013 Vol. 3(1): 607-
614 

[38] Rodgers R. J., Cao B. J., Dalvi A., and Holmes A.: Animal models of anxiety: an ethological perspective. Braz. J. Med. 
Biol. Res. 1997 Vol. 30: 289–304. DOI: 10.1590/s0100-879x1997000300002 

[39] Bourin M., Hascoet M.: The mouse light/dark box test. Eur. J. Pharmacol. 2003 Vol. 463: 55–65. 
DOI: 10.1016/s0014-2999(03)01274-3. 

[40] Shimada T , K Matsumoto, M Osanai, H Matsuda, K Terasawa, H Watanabe: The modified light/dark transition 
test in mice: evaluation of classic and putative anxiolytic and anxiogenic drugs. Gen Pharmacol, 1995 Vol. 26 
(1):205-10. DOI: 10.1016/0306-3623(94)00148-g. 

[41] Surai, P. F. : Natural Antioxidants in Avian Nutrition and Reproduction. Nottingham University Press, Nottingham. 
2003  

[42] Londok Jola Josephien Mariane Roosje, Sumiati, Wiryawan Komang Gede and Manalu Wasmen: Antioxidant 
Enzyme Activity and Malondialdehyde Concentration on Broiler Fed Contain Lauric Acid and Areca vestiaria 
Giseke. Indonesian Society for ustainable topical animal production. Bulletin of Animal Science. 2018 Vol. 42 (2): 
109-114. DOI: 10.21059/buletinpeternak.v42i2.31767. 

[43] Nandi Ankita, Liang-Jun Yan, Chandan Kumar Jana, and Nilanjana Das: Role of Catalase in Oxidative Stress- and 
Age-Associated Degenerative Diseases. Oxidative Medicine and Cellular Longevity. 2019 DOI: 
10.1155/2019/9613090 

[44] Lu S. C.: Glutathione synthesis. Biochim. Biophys. Acta. 2013 Vol 1830 : 3143–3153. DOI: 10.1016 / j.bbagen. . 

[45] Marnett L. J.: Lipid peroxidation—DNA damage by malondialdehyde. Mutat. Res. 1999 Vol. 424: 83–95. 
DOI: 10.1016/s0027-5107(99)00010-x. 

https://doi.org/10.1186/1471-2202-4-4
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1016/j.yebeh.2009.05.014
https://doi.org/10.1016/s0091-3057(97)00457-7
https://doi.org/10.1016/s0091-3057(97)00457-7
https://doi.org/10.1016/s1734-1140(11)70398-x
https://doi.org/10.1590/s0100-879x1997000300002
https://doi.org/10.1016/s0014-2999(03)01274-3
https://doi.org/10.1155/2019/9613090
https://doi.org/10.1155/2019/9613090
https://doi.org/10.1016%2Fj.bbagen.2012.09.008
https://doi.org/10.1016/s0027-5107(99)00010-x


GSC Advanced Research and Reviews, 2023, 17(02), 129–143 

143 

[46] Sivalokanathan S., Ilayaraja M., and Balasubramanian P. M.: Antioxidant activity of Terminalia arjuna bark extract 
on N-nitrosodiethylamine induced hepatocellular carcinoma in rat. Mol. Cell. Biochem. 2006 Vol. 281: 87–93. 
DOI: 10.1007/s11010-006-0433-8. 

[47] Etame-Loe Gisèle, Okalla Ebongue Cécile, Ngaba Guy Pascal, Mpai Marie, Kidik Pouka Catherine, Ngene Jean 
Pierre, et al: Evaluation of the antioxidant and anti-inflammatory activities of the aqueous extract of the 
haustorium of Phragmanthera capitata (Sprengel) S. Balle (Loranthaceae) collected from Psidium guajava on 
adult female rats of the wistar strain. Journal of Animal & Plant Sciences. 2018 Vol. 36(3):5933-5941 

[48] Johannessen C. U.: Mechanism of action of valproate. Neurochem. Int. 2000 Vol. 37:103–110. 
DOI: 10.1016/s0197-0186(00)00013-9. 

https://doi.org/10.1007/s11010-006-0433-8
https://doi.org/10.1016/s0197-0186(00)00013-9

