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ABSTRACT

Objective: This study aim was to compare the in vitro antioxidant property of fresh juice and dry powder of Emblica officinalis (EO) by chemical 
testing and 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay and also to observe the in vivo effect of EO fruit dry powder on food intake, body 
weight, behavior changes, and antioxidant levels in restraint stress rat model.

Methods: In vitro study, EO fresh juice 1% v/v and its dry powder form were analyzed for chemical testing and DPPH assay initially. In the in vivo 
study, 12 adult male Wistar rats were obtained. Initially, baseline parameters (Body wt, food intake, behavior changes, blood levels of superoxide 
dismutase, and malondialdehyde) and control values were assessed. Later 12 animals were divided into two treatment groups (1 and 2) and pre-
treatment was given with dry powder of EO at a dose of 250 mg/kg and 500 mg/kg orally once a day, respectively. Animals from both the groups were 
restrained for 2 h/day and the same parameters were analyzed at the end of 24 h and 7 days of stress induction.

Results: In vitro study, fresh juice and dry powder preparations of EO were found to be positive for all the four chemical testing. In DPPH assay, dry 
powder showed better antioxidant activity (97%) than the fresh juice form (57%). In vivo study, significant antioxidant activity was seen at the dose 
of 500 mg/kg after day 1 and 7 days of stress induction.

Conclusion: Dry powder of EO has brought out the reversal of restraint stress-induced behavioral changes and reduced food intake, body weight, and 
antioxidant levels.
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INRODUCTION

Oxidative stress is the result of an imbalance between oxidants and 
antioxidants. Physical or psychological stress induces a change in the 
hypothalamic–pituitary–adrenal axis which releases glucocorticoids 
and chemical mediators including adrenocorticotropic hormone, 
norepinephrine, serotonin, dopamine, and acetylcholine. The 
metabolism of these mediators leads to more production of free radicals 
and reactive oxygen species (ROS), which later causes an imbalance 
between oxidants and antioxidants. Acute stress in any organism will 
produce compensatory responses to restore previous stability. However, 
in chronic stress, ROS put forth negative effects and becomes a major 
causative factor implicated in several pathologies – cardiovascular, 
immunological, neurodegenerative, or neuro behavior changes [1]. 
Antioxidant enzymes such as superoxide dismutase (SOD), catalase, 
and glutathione peroxidase play important roles in scavenging free 
radicals and preventing cell injury. When the mechanism of antioxidant 
protection becomes unbalanced in the human body, an antioxidant 
supplement may be used to help reduce oxidative damage [2]. Synthetic 
antioxidants are commercially available. By considering potential health 
risks and toxicity of synthetic antioxidants (butylhydroxytoluene and 
butylhydroxyanisole), researchers have drawn their attention toward 
the natural occurring antioxidants (plant materials) [3,4].

Studies have demonstrated that plant phenolics as a major source of 
natural antioxidants. The fruit of Indian Gooseberry (Emblica officinalis 
[EO]) is rich in Vitamin C and it acquires maximum antibacterial and 
antioxidative activities [5]. The unique antioxidants such as Gallic acid, 
Vitamin C, ß-carotene, and SOD enzyme have been reported to be present 
in the fruit. Various studies have shown the antioxidant property of EO 
in various forms of its extractions (ethanol and methanol) [5,6].

Stress is well known to change body weight and food intake in animal 
models. Many studies have shown that restraint stress suppresses body 
weight gain and food intake in rodents [7]. No studies have explored the 
in vivo effects of EO fruit dry powder on a combination of food intake, 
body weight, behavior changes, and antioxidant levels in a whole 
animal model. Hence, the study was designed to compare the in vitro 
antioxidant property of fresh juice and dry powder preparations of EO 
by chemical testing and 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 
assay and also to observe the in vivo effect of EO fruit dry powder on 
food intake, body weight, general behavior changes, and antioxidant 
levels (SOD), malondialdehyde (MDA) in an adult male Wistar rat model 
after restraint stress induction.

MATERIALS AND METHODS

Fresh fruits of EO were obtained from the local market and washed 
thoroughly in running water. Under sterile condition, the fruits were 
cut into pieces and seeds were removed and weighed. Then dried in a 
hot air oven at 60°C aseptically and grinded to get a fine powder form. 
EO fresh juice 1% v/v was prepared. Both the preparations were used 
for DPPH assay and chemical testing.

Chemical testing
Detection of phenolic compounds
•	 Ferric	 chloride	 test:	 Juice	and	 the	dry	powder	 forms	of	EO	were	

added to 5% FeCl3 reagent and the formation of deep blue color was 
observed

•	 Lead	acetate	test:	Juice	and	the	dry	powder	forms	of	EO	were	added	to	
10% lead acetate solution and mixed. Formation of white precipitate 
was observed [8].
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Detection of flavonoids
Aqueous	sodium	hydroxide	test:	Juice	and	the	dry	powder	forms	of	EO	
were treated along with aqueous NaOH solution. Formation of yellow-
orange color was observed.

H2SO4	 test:	 Juice	 and	 the	 dry	 powder	 forms	 of	 EO	 were	 added	 to	
concentrate H2SO4 and observed for the formation of the orange 
color [8].

DPPH assay
The dry powder and fresh juice of EO were prepared in 1% w/v and 
1% v/v solutions, respectively. The samples were reacted with the stable 
DPPH radical in an ethanol solution. The reaction mixture consisted of 
adding 0.5 mL of samples (dry powder and Fresh juice), 3 mL of absolute 
ethanol and 0.3 mL of DPPH radical solution 0.5 mM in ethanol. When 
DPPH reacted with an antioxidant compound, which donated hydrogen 
and it was reduced. The change in color (from deep violet to light yellow) 
was read (Absorbance [Abs]) at 517 nm after 100 min of reaction using 
an ultraviolet-visible spectroscopy spectrophotometer. The mixture 
of ethanol (3.3 mL) and sample (0.5 mL) served as blank. The control 
solution was prepared by mixing ethanol (3.5 mL) and DPPH radical 
solution (0.3 mL). Reference standard compound being used was ascorbic 
acid 50 ng/ml. Lower Abs of the reaction mixture indicated higher free 
radical activity [9-12]. Percentage inhibition was calculated by.

DPPH scavenging effect (%) = A0-A 1/A0 × 100.

Where A0 was the Abs of control reaction and A1 was the Abs in the 
presence of test or standard sample (control = 0.856).

In vivo
After getting approval from the Institutional Animal Ethics Committee, 
12 adult male Wistar rats weighing 150–250 g were obtained and 
divided into two groups of six each. Initially, six animals were assessed 
for the baseline values of the parameters (body weight, food intake, 
behavior changes, blood levels of SOD, and MDA) and then those six 
animals were used as control (without treatment) and subjected to 
psychological stress by restraining for 2 h and the above said parameters 
were assessed at the end of 24 h and after 7 days of stress induction. 
This method was aimed toward reducing animal usage in the study. 
Then, 2 weeks interval period was allowed to acclimatize the animals 
back to its normal laboratory environment and to overcome the stress 
induction. Later then, total of 12 animals were randomly divided into 
two treatment groups. For Groups 1 and 2, pre-treatment with EO dry 
powder at a dose of 250 mg/kg body weight and 500 mg/kg body weight 
orally [13,14] was given once daily. Pre-treated animals from both 
groups were restrained for 2 h/day, and the same tests were repeated at 
the end of 24 h and after 7 days of stress induction. The body weight of 
the animals was measured in each group at the end of 24 h and after 7 
days. Food intake in grams was measured for each animal in both groups 
at the end of 24 h and after 7 days using Oxylet system. Food intake in 
dark/light phase cycle was measured and compared with controls.

Behavior changes
Open field test: locomotor activity (quiet room)
On the day of testing, rats were allowed to adapt to the environment 
for 1 h before testing. After 5 min of acclimatization in the open field 
apparatus, each animal from the respective treatment group was placed 
individually in the center of the open field and number of squares 
crossed, number of rearings (number of times the animal stood on 
its hind legs), grooming (duration of time the animal spent licking or 
scratching itself while stationary), and fecal pellets were observed for 
a period of 5 min [15].

SOD and MDA levels
End of 24 h and on the 8th day, 1 ml of blood was withdrawn from rat tail 
vein for the analysis of SOD and MDA levels.

Estimation of SOD
Reagents used were Tris buffer – 50 ml (containing 50 mM of Tris and 
1 mM of ethylenediaminetetraacetic acid), hydrochloric acid – adjust 
PH at 8.5, and Pyrogallol – 25 mg added to 10 ml of distilled H2O 
(20	mM	conc.).	For	blank:	2.9	ml	Tris	+	0.1	ml	Pyrogallol–	Mixed	well.	
Abs A was read at 420 nm using colorimeter at 1 min 30 s and Abs B at 
3	min	30	s.	For	Sample:	2.8	ml	Tris	+	0.1	ml	sample	and	0.1	ml	Pyrogallol	
were added and mixed well, and the Abs were read at 420 nm after 
1 min 30 s (Abs A) and after 3 min 30 s (Abs B) [16].

SOD	levels	(in	Units)	were	calculated	using	the	formula:	Abs	(A-B)/Abs	
A × 50

Estimation of MDA
Reagents used were trichloroacetic acid (TCA) – 40% (40 g in 100 ml), 
thiobarbituric acid (TBA) – 0.67% (0.67 g in 100 ml). Then, 0.5 ml 
sample	+	0.5	ml	TCA	+	2	ml	TBA	were	added	very	slowly.	The	test	tubes	
were kept in a boiling water bath at 90–100°C for 10 min. After 10 min, 
the tubes were brought back to the room temperature. Samples were 
centrifuged for 10 min at 3000 rpm. Separated the supernatant and 
readings were taken at 540 nm using colorimeter [16].

MDA	levels	(in	units)	were	calculated	using	the	formula:	Abs	at	532	nm	
× 105/1.56

Statistics
Data from the control and two treatment groups were analyzed by 
ANOVA in SPSS software version 24.

RESULTS

In vitro study
Chemical testing
Fresh juice and dry powder preparations of EO were found to be 
positive for all the four chemical testing.

DPPH FREE RADICAL ASSAY

In DPPH assay, dry powder of EO showed 97% inhibition of free 
radical scavenging activity compared to its fresh juice preparation and 
standard (ascorbic acid), which were about 57% and 76%, respectively.

In vivo study
In this study, after the 1st day of stress induction, rats showed changes 
in the mean values of body weight, food intake pattern, behavior 
changes, and SOD and MDA levels in both the treatment group of EO 
(250 mg/kg and 500 mg/kg) in comparison to the control group (without 
treatment) and their baseline values. More statistically significant values 
were seen in the EO 500 mg/kg treated group for body weight (*p=0.01), 
behavior changes (*p<0.01), and SOD (*p=0.01) (Figs. 1-3).

Similarly, after 7 days of repeated stress induction, rats showed, change 
in the mean values of body weight, food intake, behavior changes, and 
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SOD and MDA levels in both the treatment groups. However, statistically 
significant changes were seen in the body weight (*p<0.01), SOD 
(*p=0.01), and MDA (*p=0.04) levels only in the treatment group of EO 
500 mg/kg (Figs. 1, 3 and 4).

Mean values of baseline parameters were weight–160.833±11.58 g, food 
intake–19.260±10.00 g, rearing–3.500±4.0866, grooming–13.500±7.7136, 
squares crossed–5.333±11.2190, SOD–11.007±10.45 IU/ml, and 
MDA–1.0596 ± 1.1341 IU/ml.

DISCUSSION

In vitro study
In this study, both the dry powder and the fresh juice of EO tested 
positive for flavonoids and phenolic compounds (Table 1). In terms of 
chemical testing, these results were similar to the studies which showed 

the presence of flavonoids and phenolic compounds in the aqueous 
methanolic fruit extract of EO [17]. In DPPH assay, dry powder of EO 
showed 97% inhibition of free radical scavenging activity compared 
to its fresh juice preparation, which was about 57% (Table 2). In 
the previous DPPH assay, studies of EO showed that the maximum 
antioxidant activity was found to be in the methanolic extract [6,17].

In vivo study
Stress has identified to modify body weight and food intake in animal 
models. Especially the restraint stress model effectively depicted the 
physical and psychological stress and used as an animal model of 
depression [1]. Many studies have shown that restraint stress suppresses 
body weight gain and food intake in rodents [18]. In the present study, 
mean values of body weight and food intake were increased in both the 
treatment groups after the 1st and the 7 days of repeated stress induction 
compared to the control group (without treatment) in which there was a 
reduction in the mean values of body weight and food intake pattern after 
repeated stress induction. This showed that there was reduction in the 
body weight and food intake pattern in restraint stress animals whereas, 
in the treatment groups (EO 250 mg/kg and 500 mg/kg) the animals 
had overcome the stress induction and they have followed the normal 
physiological increase in the body weight and food intake pattern (Fig. 1).

In case of behavior changes and blood levels of SOD and MDA, there were 
reduction in the mean value of rearing, grooming, number of square 
crossed and decreased level of SOD and increased level of MDA values in 
the control group (without treatment) compared to its baseline values 
indicating a state of psychological depression immediately after the 1st 
day and the 7 days of repeated stress induction. The two groups treated 
with the EO (250 mg/kg and 500 mg/kg) showed a better increase in 
mean values of rearing, grooming, number of squares crossed in parallel 
to increase in SOD, and decreased in MDA values after the 1st day and 
the 7 days of repeated stress induction (Figs. 2-4) This ensures that 
the treatment with EO had overcome the changes of stress induction, 
including antioxidant levels, which were comparable to the results of a 
few previous studies wherein the antioxidant property of EO was due to 
the presence of polyphenols in the fruit [19,20].

The results of the study clearly revealed the antioxidant effect of 
EO in overcoming stress induction. Improved changes in the body 
weight, food intake, and behavior might depict the antidepressant and 
antianxiety property of E. officinalis. These results were proven by the 
previous studies, by forced swim test, tail suspension test, elevated plus 
maze, and open field method with standard drugs. Apart from increased 
antioxidant levels, no other clear mechanism could be elicited behind 
the improved changes in food intake and body weight after repeated 
stress induction. Therefore, the proposed pharmacological mechanism 
behind these effects could be the involvement of monoaminergic 
neurotransmitters [19,21,22].
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The previous studies also confirmed that the present of phytochemicals 
in the EO such as tannic acid, gallic acid, flavonoids, and ascorbic 
acid might contribute to increase the levels of monoaminergic 
neurotransmitters and neurotropic action in the hypothalamus [21,22]. 
The monoamine receptors such as 5-hydroxytryptamine (5HT1A) and 
5HT2C have their involvement in the appetite and satiety center in the 
brain. Hence, further studies could look into the involvement of 5HT, 
behind the effects of EO.

CONCLUSION

In vitro study, both the chemical testings’ and DPPH assay showed 
maximum antioxidant activity in the dry powder preparation of EO 
compared to its fresh juice. In vivo study has brought out the reversal 
of restraint stress-induced behavioral changes and reduced antioxidant 
levels in a rat model. Further studies might focus to elucidate the 
various possible molecular mechanisms of action of EO in overcoming 
stress induction.
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Table 1: Results of chemical testing

Preparations Phenolic compound Flavonoids

Ferric chloride test Lead acetate test Aqueous sodium hydroxide test Sulphuric acid test
Fresh juice of EO + + + +
Dry powder of EO + + + +
EO:	Emblica officinalis; +:	Presence/Test	positive

Table 2: Percentage inhibition of free radical scavenging activity 
in 2,2‑diphenyl‑1‑picryl‑hydrazyl‑hydrate assay

Samples Absorbance Percentage inhibition
Ascorbic acid (50 ng/ml) 0.206 76
EO (dry powder 1% w/v) 0.024 97
EO (fresh juice 1% v/v) 0.364 57
EO:	Emblica officinalis


