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INTRODUCTION

Inflammation is a normal response that takes place in 
the presence of tissue injury. It is a frequent clinical 
observation [1]. Pain, swelling, local redness, edema, and loss of 
function are considered as classic signs of inflammatory process 
[2]. Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
considered as most commonly used anti-inflammatory drugs 
worldwide. However, in addition to their high costs such drugs 
also present a high profile list of adverse effects and toxicity. 
Furthermore, one of the most common disadvantages of 
currently available drugs is that the symptoms of inflammation 
reappear after their discontinuation. Therefore, development 
and screening of new anti-inflammatory drugs are the need 
of time. For new drug discovery, plants are considered a rich 
source [3].

In the prevention of chronic ailments, nutrition can play a 
significant role. It is because most of the chronic ailments may 
be related to diet. The concept of “functional foods” explains 
that food should be considered not only for living purposes 
but also be considered as a great source of physical and mental 

health. It is because this consideration will aid in the reduction 
and prevention of risk factors for different diseases. It may also 
help in enhancing different physiological functions [4]. Food 
may be termed as “functional” if it satisfactorily demonstrates 
to affect different functions of the human body in a beneficial 
way. Moreover, food is termed as functional if it is beyond 
adequate nutritional effects, in such a way that is relevant to 
health or reduction in the risk of diseases [5]. Simplest examples 
of functional food include tomatoes, carrots, turmeric, and 
mustard. These items are considered as functional food items 
because these contain a high content of physiologically active 
composition [6]. Phytochemicals found in vegetables and fruits 
provide a synergistic and additive effects as a result of their 
significant antioxidant potential [7,8].

Phytochemicals are explained as bioactive components found in 
grains, vegetables, and fruits. Synergistic and additive effects of 
phytochemicals in vegetables, fruits, and whole grains are held 
responsible for its potent anticancer and antioxidant activities. 
Use of a wide range of vegetables, fruits, and whole grains on 
a daily basis is considered as a practical strategy to optimize 
health [9].
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Coconut (Cocos nucifera) is among significant plants that 
possess nutritional and medicinal properties. It is frequently 
cultivated for medicinal and nutritional purposes especially in 
tropical areas [10]. It belongs to the family Arecaceae. Total 
cultivation area of the coconut tree is 11 million hectares 
worldwide [11]. However, it may grow where ever there is 
adequate rainfall and warmth. Coconut water is a refreshing 
and nutritious beverage in its natural form. It is traditionally 
used all around the world due to its beneficial effects on human 
health. Coconut water [Figure 1] has a variety of health-related 
effects including antihyperlipidemic [12], antiulcerogenic, and 
cardioprotective effects [13]. The composition and quantity of 
coconut water changes as the fruit mature [Figures 4 and 5]. 
There is no research study conducted to compare the anti-
inflammatory effects of young and mature coconut water. 
Rat is a commonly used animal species for preclinical model 
studies [14]. History shows that different people have been using 
plants to treat their ailments. For instance, there are more than 
13,000 reports of plant extracts that possess anti-inflammatory 
effect [15]. The spectrum of biochemical effects from various 
phytochemicals might be able to influence different processes in 
the organism such as anti-inflammatory activity. Therefore, this 
study was designed to explore and compare anti-inflammatory 
effects of both young and mature coconut water in an animal 
model of inflammation.

METHODOLOGY

Collection of Coconut Water

Coconut fruits, both young and mature (Figures 2 and 3), 
were harvested from the coconut trees grown in Karachi city. 
Water from young and mature coconut fruits was collected 
after carefully cutting the fruits from the top, and the water 
was stored in the refrigerator for further use [18]. University 
Board of Advanced Studies and Research approved this study 
with no. 02181/Pharm.

Selection of Animals

To conduct this study, 40 rats of either sex were selected and 
divided into 4 equal groups. Their weights ranged from 200 
to 250 g. Rats were housed with 12/12 h dark and light cycle 
and 21°C ± 1°C temperature. Animals were kept on standard 
animal diet and water ad libitum. Rats were handled according 
to Helsinki Resolution 1964 and divided into 4 groups of 10 
rats each.

Experimental Protocol

All four groups received 0.1  ml of 1% acetic acid in the 
subplantar tissue of the rat’s paw 30 minutes after oral treatment 
of distilled water, young coconut water, mature coconut water, 
and ibuprofen. Group 1 received distilled water (1 ml orally) 
and served as control. Groups 2 and 3 served as treated groups 
for young coconut water and mature coconut water, respectively, 
and received respective coconut water orally at the dose of 

4 ml/100 g [19]. Group 4 served as a standard group and received 
ibuprofen orally at the dose of 400 mg/70 kg.

Figure 1: Coconut fruit (cross section)

Figure 2: Young coconut fruit

Figure 3: Mature coconut fruit
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Animal Model of Inflammation

1% w/v acetic acid induced paw edema model was used to study 
anti-inflammatory activity of young and mature coconut water. 
Prepared acetic acid (0.1 ml) was administered parenterally in 
the subplantar tissue of rat’s paw 30 min after oral treatments. 
Edema (sign of inflammation) in the paw of the animal was 
observed with the use of plethysmometer (Ugo Basile, Italy). 
The observations were made at different time intervals, 
i.e. before administration of acetic acid (baseline observation), 
immediately after administration of acetic acid, and after 1, 2, 
3, and 4 h of acetic acid administration.

Plethysmometer

Paw of each rat was immersed in measuring tube of 
plethysmometer. The moment the paw is immersed in 
water, it is displaced, and this displacement is sensed by 
electrodes of platinum. Plethysmometer detects changes 
in conductance and an output signal is transmitted on the 

digital display that indicates measured volume displacement 
(resolution: 0.01  ml) [20]. Following formula was used to 
calculate percent inhibition in edema [21,22]:

Paw edema of control animal at given time  
Paw edema of t

−
rreated animal at same time

Paw edema of control group at giiven time
×100

Statistical Analysis

Collected data are presented as mean ± standard deviation and 
analyzed by one-way ANOVA followed by post-hoc Bonferroni 
multiple comparisons. P < 0.001 is considered highly significant.

RESULTS

The results of this study are presented in Table 1. Young and 
mature coconut water showed remarkable anti-inflammatory 
effect. However, the intensity of the effect is varied.

Figure 4: Chemical composition of coconut water [16,17]
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Effects after 1 h of Acetic Acid Administration

Ibuprofen (standard drug group), young coconut water and 
mature coconut water showed a highly significant decrease 
(P < 0.001) in rat paw edema after 1 h of acetic acid 
administration in comparison to control group. Moreover, the 
effects of both young and mature coconut water were similar to 
ibuprofen showing insignificant differences in rat paw edema 
between ibuprofen and young and mature water at 1 h.

Effects after 2 h and 3 h of Acetic Acid Administration

After 2 h and 3 h of acetic acid administration, ibuprofen, 
young coconut water, and mature coconut water showed a 
highly significant decrease (P < 0.001) in rat paw edema. The 
decrease of rat paw edema by mature coconut water is similar 
to ibuprofen as the difference in rat paw edema of these two 
groups is statistically insignificant. However, young coconut 
water showed better results than ibuprofen (standard drug 

Figure 5: Chemical composition of coconut water [16,17]

Table 1: Anti‑inflammatory effect of young and mature coconut water
Groups Mean±SD Results shown as displacement in ‘ml’ and percent inhibition – after acetic acid 

treatment (%)

Before drug 
treatment 

(displacement 
in ml) 

Immediately after 
acetic acid treatment 
(displacement in ml) 

(0 h)

1 h 2 h 3 h 4 h

Acetic acid only 2.27±0.33 2.25±0.16 3.51±0.03 3.70±0.06 4.35±0.16 3.75±0.79
Acetic acid+ 
Young coconut water

2.33±0.21 2.45±0.31 ***2.80±0.42 
(20.22)

***,++,##2.40±0.31 
(35.13)

***,+,###2.50±0.52 
(42.52)

***,#2.40±0.51 
(36.00)

Acetic acid+ 
Mature coconut water

2.12±0.09 2.05±0.20 ***2.85±0.26 
(18.80)

***2.74±0.28 
(25.94)

***3.30±0.42 
(24.13)

*3.05±0.26 
(18.66)

Acetic acid+ 
Ibuprofen

2.35±0.12 2.85±0.19 ***2.70±0.21 
(23.07)

***2.80±0.04 
(24.32)

***2.98±0.14 
(31.49)

*2.97±0.33 
(20.8)

n=10, Data are presented as mean±SD. P<0.001*** is considered highly significant, P<0.05* is considered significant in comparison to control 
group; P<0.01++ is considered more significant, P<0.05+ is considered significant in comparison to standard drug (ibuprofen treated) group; 
P<0.001### is considered highly significant, P<0.01## is considered more significant, P<0.05# is considered significant in comparison of young 
coconut water v/s mature coconut water groups. SD: Standard deviation
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group) at 2 h (P < 0.01) and 3 h (P < 0.05) of acetic acid 
administration.

Effects after 4 h of Acetic Acid Administration

After 4 h of acetic acid administration, young coconut water 
showed a highly significant decrease (P < 0.001) in rat 
paw edema. However, mature coconut water and ibuprofen 
showed an only significant decrease in paw edema (P < 0.05). 
Furthermore, at 4 h of acetic acid administration, the decrease 
in paw edema by young coconut water and mature coconut 
water is similar to ibuprofen as the difference between them is 
statistically insignificant.

Percent Inhibition of Rat Paw Edema

In comparison to control, percent inhibition of rat paw edema by 
young coconut water was 20.22%, 35.13%, 42.52%, and 36% at 1, 
2, 3, and 4 h of acetic acid administration, respectively. However, 
maximum percent inhibition (42.52%) was observed in the second 
phase of the inflammatory process. On the other hand, percent 
inhibition by mature coconut water was 18.80%, 25.94%, 24.13%, 
and 18.66% at 1, 2, 3, and 4 h of acetic acid administration, 
respectively. However, maximum percent inhibition (25.94%) was 
observed in the first phase of the inflammatory process.

Comparison of Anti-inflammatory Effect of Young and 
Mature Coconut Water

At 1 h, the difference between rat paw edema of young and 
mature coconut water groups was found insignificant.

At 2, 3, and 4 h of acetic acid administration, the difference of 
rat paw edema between young and mature coconut water was 
more significant (P < 0.01), highly significant (P < 0.001), and 
significant (P < 0.05), respectively [presented by # in Table 1]. 
This difference in the results at 2, 3, and 4 h of inflammation 
shows the better anti-inflammatory effect of young coconut 
water than mature coconut water.

DISCUSSION

This study explored the anti-inflammatory effect of young and 
mature coconut water using acetic acid induced rat paw edema 
model. The effects were also compared with the standard drug, 
ibuprofen. Inflammation is induced by acetic acid as a result 
of inflammatory mediators. These inflammatory mediators are 
released in two phases. Platelet activation factor, serotonin, and 
histamine are released in the first phase. The time duration 
of this phase is first 90 min. However, prostaglandins (PGs), 
lysosomes, proteases, and kinins are released in the later phase 
(after 90 min) [23,24]. Synthesis of PGs, i.e. prostaglandin F2 
alpha, prostaglandin E2 and synthesis of free radicals along 
with interleukin-1 (IL-1), IL-2 and tumor necrosis factor-alpha 
induces nociception and inflammation via stimulation of 
nociceptors [25]. Moreover, in addition to this induction, it may 
also stimulate cyclooxygenase-2 (COX-2) and inducible nitric 
oxide synthase [26]. This eventually increases oxidative stress in 

inflamed tissue of rats paw. Edema at the site of inflammation is 
due to the release of bradykinin, histamine, and serotonin [27]. 
According to Panthong et al., NSAIDs produce its effect in the 
later phase of inflammation [28]. In this phase, they suppress the 
expression of COX-2 and hence reduce the synthesis of PGs [29].

Young and mature coconut water showed excellent anti-
inflammatory effects [Table  1]. Coconut water contains 
flavonoids. These components are responsible for potent anti-
inflammatory effect as they inhibit the synthesis of PGs [1,30,31]. 
Moreover, it is reported that if plants possess antioxidant activity, 
they show significant anti-inflammatory response [32,33]. 
Coconut water is reported to have antioxidant potential due to 
its unique composition including kinetin and micronutrients 
[16,34]. Coconut water is also reported to have the antihistaminic 
effect that further contributes to anti-inflammatory activity [35]. 
Furthermore, coconut water contains abscisic acid (ABA). ABA 
may contribute to the anti-inflammatory activity of water by 
acting on peroxisome proliferator-activated receptor-gamma 
(PPAR-γ). According to Kelly et al., the activation of PPAR-γ 
agonist produces direct inhibition of inflammation via action 
on nuclear factor-kappa B [36]. In addition to this, it may also 
inhibit monocyte chemoattractant protein-1 induced migration 
of monocytes [37,38].

Young coconut water decreased paw edema right from the 
first hour of inflammation (early phase). However, the percent 
inhibition of edema from young coconut water was found to 
be maximum in the second phase of inflammation. This result 
hence reveals that young coconut water showed the effect on 
histamine and serotonin (agents released in the first phase). 
However, since the maximum effect was observed in the third 
hour (second phase) of inflammation, it may also act on COX-2 
and inhibits synthesis of PGs. This effect may be attributed 
to the presence of salicylic acid in young coconut water [39].

Mature coconut water also showed a decrease in rat paw edema 
right from the first hour of inflammation and maximum percent 
inhibition of edema was observed at the second hour (first 
phase). This proposes that mature coconut mainly acts via 
action on histamine and serotonin [23,24].

Difference in Effect of Young and Mature Coconut Water

The concentration of salicylic acid in coconut water starts 
decreasing as the fruit matures [39] suggesting that young 
coconut water contains more salicylic acid content than mature 
coconut water. It is probably because of this concentration 
difference; only young coconut water has shown a maximum 
effect in the second phase of inflammation as generally observed 
by NSAIDs also. Salicylic acid is one of the active components 
of aspirin (an example of NSAIDs).

CONCLUSION

Young and mature coconut water both possess significant 
anti-inflammatory activity. As the coconut water is widely used 
worldwide and is a part of daily diet of many people, this study 
could serve as a positive finding in using coconut water for 
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their anti-inflammatory potential. Since young coconut water 
showed better results than mature coconut water and standard 
drug ibuprofen, this study strongly suggests the use of young 
coconut water for potent anti-inflammatory effect and mature 
coconut water for moderate anti-inflammatory effect. This 
proposed mechanism for anti-inflammatory effect is based on 
the composition of coconut water. However, further molecular 
level research may be conducted to uncover the more precise 
anti-inflammatory mechanism of action of young and mature 
coconut water.
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