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Abstract

This study investigated some pharmacological properties of virgin coconut oil (VCO), the natural pure oil
from coconut [Cocos nucifera Linn (Palmae)] milk, which was prepared without using chemical or high-heat
treatment. The anti-inflammatory, analgesic, and antipyretic effects of VCO were assessed. In acute inflam-
matory models, VCO showed moderate anti-inflammatory effects on ethyl phenylpropiolate-induced ear
edema in rats, and carrageenin- and arachidonic acid-induced paw edema. VCO exhibited an inhibitory
effect on chronic inflammation by reducing the transudative weight, granuloma formation, and serum
alkaline phosphatase activity. VCO also showed a moderate analgesic effect on the acetic acid-induced
writhing response as well as an antipyretic effect in yeast-induced hyperthermia. The results obtained sug-
gest anti-inflammatory, analgesic, and antipyretic properties of VCO.
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Introduction

Coconut (Cocos nucifera Linn) is a plant in the Palmae
family. In Thaitraditional medicine, the coconuthasbeen
used as a medicinal plant for centuries. Coconut milk
helps solve urinary problems, gallstones, and hematem-
esis. Coconut oil has been used as a burn wound remedy
(Chaichit, 2004). Coconut oil also appears to promote
the immune system response. Feeding coconut oil com-
pletely abolishes the expected immune factor responses
to endotoxin and diminishes the production of proin-
flammatory cytokines in vivo (Wan & Grimble, 1987;
Sadeghi et al., 1999). Recently, the biological properties
of virgin coconut oil (VCO) have been widely investi-
gated. It has been found that lauric acid is an effective
compound in VCO. Lauric acid is the precursor of mon-
olaurin (Pereira et al., 2004), which has been shown
to modulate immune cell proliferation (Witcher et al.,
1996) and possess antimicrobial activity (Bergsson et al.,
2002). Inflammation involves many other processes of
the immune system; for example, during both acute
and chronic inflammatory response, the immunological

component cells are activated in response to foreign
organisms or antigenic substances (Wagner et al., 2004).
Recent studies point to the important role of inflamma-
tion in a wide variety of human diseases that are not pri-
marily disorders of the immune system. These include
cancer, atherosclerosis, ischemic heart disease, and
some neurodegenerative diseases such as Alzheimer’s
disease (Kumar et al., 2005). Therefore, it is of interest to
investigate the anti-inflammatory action of virgin coco-
nut oil in both acute and chronic phases of inflamma-
tion as well as the analgesic and antipyretic activities.

Materials and methods

Animals

Male Sprague-Dawley rats weighing 40-60, 100-120,
and 200-220g and male Swiss albino mice weigh-
ing 30-40g, purchased from the National Laboratory
Animal Center, Nakorn Pathom, were used. All animals
were keptin aroom maintained under environmentally
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controlled conditions of 24+1°C and a 12h light-12h
dark cycle. All animals had free access to water and a
standard diet (Pokphan Animal Feed Co., Ltd., Bangkok,
Thailand). They were acclimatized at least 1 week before
starting the experiments. All animal experiments were
approved by the Animal Ethics Committee, Faculty of
Medicine, Chiang Mai University.

Preparation of virgin coconut oil

Coconuts were collected from the Chiang Rai province,
Northern Thailand. A voucher specimen, QBG 29961,
was deposited at Queen Sirikit Botanical Garden, Chiang
Mai, Thailand. Virgin coconut oil (VCO) was separated
from the coconut as follows. The fresh coconut meat was
shredded and then cold-pressed to make coconut milk.
The coconut milk was fermented for 48 h, whereupon
the oil naturally separated out from the milk, produc-
ing crystal clear oil. This unique process means that the
pure oil does not have a coconut taste or odor. The virgin
coconut oil was filtered and kept in a refrigerator.

Chromatography conditions

Gas chromatography (GC) separation was performed
on a capillary column: 100 m x 25 mm ID x 0.20 pm thick
film (Supelco SP-2560); oven temperature: 140°C (hold
5min) to 250°C at 3°C min™!, hold for 17 min; flame
ionization detector (FID): at temperature of 250°C with

nitrogen (Nielsen, 1998). Test VCO consisted of caprylic
acid (C 8:0) 6.54%, capric acid (C 10:0) 5.28%, lauric acid
(C 12:0) 44.45%, myristic acid (C 14:0) 18.64%, palmitic
acid (C 16:0) 8.71%, stearic acid (C 18:0) 3.17%, oleic acid
(C 18:1) 5.21%, and linoleic acid (C 18:2) 0.87%; satu-
rated fatty acids 87.54%, unsaturated fatty acids 6.13%,
and polyunsaturated acids 0.87% (Figure 1). The qual-
ity characteristics of the VCO were 242.61mg KOH/g
oil saponification value, 1.35mg KOH/g oil acid value,
0.48g/100g oil free fatty acid value, 7.05g 1,/100g oil
iodine value, 2.22 mEq peroxide/kg oil peroxide value,
and 0.91 specific gravity (40°C/water at 20°C).

Preparation of test drugs and drug administration

All test drugs were suspended in 5% Tween 80. They
were orally administered in an equivalent volume of
0.5mL/100g body weight of the rats and in a volume of
0.1mL/10g body weight of the mice. In the ear edema
model, all test drugs were dissolved in acetone and
applied locally to outer and inner surfaces of the ear.
Control groups received vehicle only in the same volume
and by the same route of administration.

Ethyl phenylpropiolate-induced ear edema in rats

The anti-inflammatory activity of VCO was tested using
the method described by Brattsand et al. (1982). Ethyl
phenylpropiolate (EPP; dissolved in acetone) at a dose

= o
S 2 <
[ee] N o
e o e
o 5 bl
g i 2
2 g | £ )
> S k2] ©
g 5 3 5
S ) ) 2 3
' N k]
N~ 2 N b S
< E N DS © —
™ ; <) o
% o D g (8]
+ 2 o 5] = (=2}
+ 5 ¢ = <
g £ =
© ©
i s 5
N~ ! =
8 3 S 3z
) N ® g
< = —_ o~
N s & 5 5S¢ 8 ¢
—~ [t} 5 2
3 2 =) 5 = ®° g9 £ _
3 - ) S T2 e L 25 =~ =)
o O o b, 22 5§ 3 08§ 2 N
= = IS8 S N S I = O N N
o o kel ®© o ®© b o O N O
o k) he; o 8L 5 13 S5
S 8 3] Qo 88 r N o5 3 ) >
@ o = =
(8} o o c oc 83 o8 © g S
= S = @ =@ 5] 1] L &
S 2 IS S ° 9 : 39 © )
= c 0] 52 [ee] OF ¢ o =
Q @ ] ko] =20 N = 0o = @
(3] o o ol =0 =c 0O o
! 3 S £ Eg ‘g g 2 e
® c 2 @ T © o ® o [0} S
< 5 s a ac ~c © o 2
3V . \ B " N0 ' .
=} © N~ © = 1)
= ] c» & e o g 3 2
© 0? S ©N N < [} <
g ~ 1 © [S) [T} 5
A - N QAN lm © ® 3
A A A A I il A A i A
v — — u r—br—r b phb—1—% T —T —— T
10 15 20 25 30 35 40 45 50 min

Figure 1. Gas chromatogram of virgin cocnut oil (VCO).



of 1mg/20 pL/ear was applied locally using an automatic
microliter pipet to the inner and outer surfaces of both
ears of each rat (40-60g). Test drugs were applied in the
same manner and volume just before EPP. Before and at
15, 30, 60, and 120 min after edema induction, the thick-
ness of each ear was measured with vernier calipers.

Carrageenin- and arachidonic acid-induced hind
paw edema in rats

Male rats weighing 100-120g were used. Paw edema
was induced by an intradermal injection of either car-
rageenin (1% in normal saline solution) (Winter et al.,
1962) orarachidonicacid (0.5% in 0.2 M carbonate buffer,
pH 8.4) (DiMartino et al., 1987) into the plantar surface
of the right hind paw of the rats at a volume of 0.05 or
0.1 mL, respectively. The edema volume was determined
using a plethysmometer (model 7150; Ugo Basile, Italy)
priortoand 1, 3, and 5 h after carrageenin injection or 1 h
after arachidonic acid injection (Winter et al., 1962). Test
drugs were given 1h prior to carrageenin or 2h prior to
arachidonic acid injection (DiMartino et al., 1987). The
control group received vehicle only.

Cotton pellet-induced granuloma formation in rats

The method of Swingle and Shideman (1972) was used.
Test drugs were administered orally to male rats weigh-
ing 200-220g in a once-daily dosage regimen for 7 days;
the control group received vehicle only. Two sterilized
pellets of cotton wool were implanted subcutaneously,
one on each side of the abdomen of the animal, under
light ether anesthesia and sterile technique. The rats
were sacrificed on the 8th day. The body weight gain of
the rats was recorded, then they were anesthetized with
pentobarbital sodium (50mg/kg, intraperitoneally).
Blood was collected by cardiac puncture for determina-
tion of the amount of alkaline phosphatase (ALP) and
total protein. The implanted pellets and the thymus
were dissected out and the wet weights of the pellets
were recorded. Both pellets and thymus were dried at
60°C for 18 h and the dry weights were recorded.

Acetic acid-induced writhing response in mice

The hyperalgesic response was induced by injection of
an aqueous solution of 0.75% acetic acid in a volume
of 0.1mL/10g body weight into the peritoneal cavity.
Test drugs in a volume of 0.1mL/10g body weight were
administered orally 1h before the acetic acid injection.
The mice were then placed in a transparent plastic box for
5min and the number of writhes, a response consisting
of contraction of the abdominal wall and pelvic rotation
followed by hind limb extension, was counted during
continuous observation for 15min (Koster et al., 1959).
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Yeast-induced hyperthermia

The method of Teotino et al. (1963) was used. The ani-
mals were first restrained in plastic cages, and the initial
rectal temperature was recorded using a 10-channel
electric thermometer (model MC 8940; Exacon Scientific
Instruments Aps, Denmark) connected to a probe (model
H-RRA; Exacon Instruments Aps) which was inserted
into the rat rectum to about 5cm depth. To adapt a rat
to the handling procedure for probe insertion, the basal
rectal temperature was taken 1h after probe insertion.
Thereafter hyperthermia was induced by subcutaneous
injection of 1 mL/100g body weight of 25% yeast in nor-
mal saline solution (NSS). When the temperature was at
a peak, 18h after yeast injection, the rectal temperature
was again recorded. Those rats that showed a rise in rec-
tal temperature of more than 1°C were used. Test drugs
were then administered orally, and the rectal tempera-
tures of animals were recorded at 30 min intervals for 2h
following drug treatment.

Statistical analysis

The results are presented as mean + SEM. Statistical
comparison between groups was made by using
one-way analysis of variance (ANOVA) and post hoc
least-significant difference (LSD) test. A p value less than
0.05 was considered to be significant.

Results and discussion

Effects of VCO and reference drugs on EPP-induced
ear edema in rats

The effect of VCO on EPP-induced ear edema in rats is
shown in Figure 2. At 15 and 30 min after EPP, VCO at the
doses of 1, 2, and 4mg/20 pL/ear significantly reduced
earedemaformationinadose-related manner (r=-0.83,
p<0.001 and -0.69, p<0.01, respectively). The inhibi-
tory effect of VCO at the doses of 2 and 4mg/20 pL/ear
gradually decreased at 60 and 120 min after EPP appli-
cation, while VCO at the dose of 1 mg/20 puL/ear did not
show any effect at these assessment times. This result
suggests the short action of topical VCO. Indomethacin
at the dose of 2mg/20 pL/ear significantly reduced
ear edema formation at all assessment times. Topical
application of EPP induces the release of inflammatory
mediators such as histamine, serotonin, and prostag-
landins (PGs), which synergistically increase the vascu-
lar permeability and promote vasodilatation as well as
edema formation (Carlson et al., 1985). Prostaglandins
act directly on blood vessels to cause vasodilatation
and indirectly to increase vascular permeability by
potentiating the actions of histamine and bradykinin
(Goodman, 2003). Indomethacin, a nonsteroidal anti-
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inflammatory drug (NSAID), elicits its antiedematous
property through inhibition of the biosynthesis of PGs,
and decreases the sensitivity of vessels to bradykinin
and histamine (Wagner et al., 2004). The inhibitory
effect of VCO might influence the release and/or syn-
thesis of these inflammatory mediators responsible for
edema formation.

-~ Control

—- Indomethacin 2 mg /20 ul/ear
-4 VCO 1 mg/20 ul/ear

-o- VCO 2 mg/20 ul/ear

4007 = VCO 4 mg/20 ul/ear
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Figure 2. Effects of VCO and indomethacin on ethyl phenylpropi-
olate (EPP)-induced ear edema in rats. Test drugs were applied on
the outer and inner ear before EPP application; control received ace-
tone only. Values are expressed as mean + SEM (n=6). Significantly
different from control: *p <0.05, **p<0.01, and ***p <0.001.
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Effects of VCO and reference drugs on
carrageenin- and arachidonic acid-induced hind paw
edema in rats

VCO at doses 0f 1000, 2000, and 4000 mg/kg significantly
reduced the edema formation induced by carrageenin
atall assessment time points. Indomethacin, a cyclooxy-
genase (COX) inhibitor, at a dose of 10 mg/kg markedly
reduced the paw edema in this model (Figure 3A). The
development of rat paw edema after carrageenin injec-
tion has been described by Vinegar et al. (1969) as a
biphasic event. The initial phase is mediated by hista-
mine and serotonin (5-HT), which increase vascular
permeability during the first hour. In the second phase,
around the third hour, swelling is caused by the release
of PGs, and the continuity between the two phases is
provided by kinins (Teotino et al., 1963; Crunkhorn &
Meacock, 1971; Di Rosa & Willoughby, 1971; Moncada
et al., 1973). A moderate anti-inflammatory effect of
VCO in this model was found at the doses of 1000, 2000,
and 4000 mg/kg. The significant suppression by VCO on
the first phase of rat paw edema formation is probably
due to the inhibitory effect on the release and/or syn-
thesis of the early released mediators such as histamine,
5-HT, and kinins. The action of VCO on the second phase
of paw edema may be explained by the inhibitory effect
on the release and/or synthesis of PGs.

The effect of VCO, prednisolone, and indometh-
acin on hind paw edema induced by arachidonic acid
injection is shown in Figure 3B. At the doses of 2000
and 4000mg/kg orally, VCO slightly but significantly
reduced the paw edema formation. Prednisolone, at
an oral dose of 5mg/kg, exhibited a significant inhibi-
tory effect on rat paw edema while indomethacin did

B

O Control

O Indomethacin 10 mg/kg
8 prednisolone 5 mg/kg
m VCO 1,000 mg/kg
VCO 2,000 mg/kg

B VCO 4,000 mg/kg

Time

1
Time

Figure 3. Effects of VCO and reference drugs on (A) carrageenin- and (B) arachidonic acid-induced hind paw edema in rats. Test drugs were
orally administered 1 h before carrageenin injection; control received 5% Tween 80 only. Values are expressed as mean + SEM (n=6). Significantly

different from control: *p <0.05, **p<0.01, and ***p <0.001.
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Table 1. Effects of virgin coconut oil (VCO), indomethacin, and prednisolone on transudative weight, granuloma formation, body weight gain,
dry thymus weight, and serum alkaline phosphatase (ALP) activity of cotton pellet-induced granuloma in rats.

Dose Transudative weight Granuloma weight

Group (mg/kg) (mg) (mg/mg cotton)

GI (%) Body weight gain (g)

Serum ALP activity
Dry thymus weight (U enzyme/mg serum
(mg/100g) proteinx 107)

239.53+16.26 1.70+0.09
181.68 +10.68*** 1.17+£0.11%**
Prednisolone 5 160.33 +1.98%** 0.88+0.05%**
VCO 4000 196.13+7.22** 1.32+0.05*

Control —
Indomethacin 2.5

31.18
48.24
22.35

— 50.00+2.83
40.33+1.09
13.67 +£4.86***
41.33+3.68

48.75+1.96 42.72+3.92
33.38£1.97* 32.60£2.61**
26.09 £2.44** 28.35+1.11%*
53.90+3.19 33.78+1.70*

Values are expressed as mean + SEM (n=6).

Significantly different from control: *p<0.05, **p<0.01, and ***p<0.001.

GI, granuloma inhibition; control received 5% Tween 80 only.

not show an inhibitory effect on the edema formation
in this model. Arachidonic acid-induced rat paw edema
has been reported to be sensitive for detecting the
anti-inflammatory activity of lipoxygenase inhibitors
and resistance to selective COX inhibitors (DiMartino
etal., 1987). The antiedematous effect of the VCO in this
model suggests that its inflammatory effect also in part
influences the lipoxygenase pathway.

Effects of VCO, indomethacin, and prednisolone on
cotton pellet-induced granuloma formation in rats

The daily oral dose of VCO at 4000 mg/kg for 7 days
exhibited a significant inhibitory effect on the transu-
dative weight, granuloma formation, and alkaline phos-
phatase activity, as presented in Table 1. Prednisolone
at a dose of 5mg/kg significantly reduced all those
parameters assessed, as well as body weight gain and
dry thymus weight. As indomethacin had to be given
orally for 7 days, the dose of indomethacin used in this
model was reduced to 2.5mg/kg in order to prevent
gastrointestinal effects. It was found that indomethacin
also demonstrated significant suppressive effects on
all parameters except body weight gain. Transudate
was seen in the earliest phase of inflammation due to
increased vascular permeability (Michell & Cotran,
2003; Kumar et al., 2005). The decrease of transudative
weight with VCO in this model suggests its inhibitory
effect on the permeability of the vascular endothelium.
Granulomatous inflammation is a distinctive pattern of
chronic inflammatory reaction (Kumar et al., 2005). The
inhibition ofgranuloma formation by anti-inflammatory
drugs is probably via their ability to interfere with
the proliferative phase of inflammation (Swingle &
Shideman, 1972). The thymus contains germinal centers
for lymphocytes, and large numbers of T lymphocytes
are formed and mature within it (Goodman, 2003).
Steroidal drugs produce a pronounced decrease in the
number of circulating thymus-derived lymphocytes as
well as a catabolic effect on lymphoid and connective
tissue, therebyreducing the dry thymus weightand body
weight gain (Berne & Levy, 1998). Indomethacin, which
is a potent nonselective COX inhibitor, may also inhibit

30 1

_[_

20 - I

25

15 1

Number of writhings

Group

Figure 4. Effects of VCO and indomethacin on acetic acid-induced
writhing response in mice. Test drugs were orally administered 1h
before 0.75% acetic acid injection; control received 5% Tween 80
only. Values are expressed as mean + SEM (n=6). Significantly differ-
ent from control: ***p<0.001

phospholipase A, reduce neutrophil migration, and
decrease T cell and B cell proliferation (Wagner et al.,
2004). The results obtained suggest that VCO probably
inhibits the proliferative phase of chronic inflammation
but avoids the steroidal-like effect, as it had no effect
on body weight gain and dry thymus weight. During
inflammation, phagocytic cells release lysosomal
enzymes which damage the nearby cells (Gould, 2002).
Alkaline phosphatase is a lysosomal enzyme found in
all tissues. During inflammation, this enzyme is mark-
edly increased and released into the blood circulation
(Firkin et al., 1989). The normal group, which had nei-
ther implantation nor drug administration, showed
a serum alkaline phosphatase activity of 31.20+0.95,
which is significantly different from that of the control
group. The activity of prednisolone and indomethacin
on the serum alkaline phosphatase level is mainly due
to stabilization of the lysosomal membrane (Goodman,
2003; Wagner et al., 2004). The activity of VCO on the
alkaline phosphatase level in serum may be due to its
inhibitory effect on inflammatory cell activity and/or
stabilization of the lysosomal membrane.
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Figure 5. Effects of VCO and ibuprofen on yeast-induced hyper-
thermia in rats. Test drugs were orally administered 18h after yeast
injection; control received 5% Tween 80 only. Values are expressed
as mean + SEM (n=6). Significantly different from rectal temperature
after yeast injection 18 h: **p<0.01 and ***p<0.001.

Effects of VCO and indomethacin on acetic
acid-induced writhing response in mice

The inhibitory effect of VCO on the acetic acid-induced
writhing response in mice is demonstrated in Figure 4.
VCO at the doses of 1000, 2000, and 4000 mg/kg signifi-
cantly inhibited the number of writhes induced by ace-
tic acid. Indomethacin at a dose of 10 mg/kg showed a
marked inhibitory effect on the writhing response, with
a percentage of 78.67%. Indomethacin has analgesic
properties distinct from its anti-inflammatory effects,
and there is evidence for both a central and a peripheral
action (Burke et al., 2006). Acetic acid-induced algesia is
supposed to act indirectly, possibly by liberating endog-
enous substances such as H*, K, serotonin, histamine,
bradykinin, PGs, and substance P that excite pain-nerve
endings (Raj, 1996). In a previous study, it was found
that PGs lower the pain threshold by increasing the
sensitivity of the receptors to stimulus (Kadar, 1998).
Prostaglandins also sensitize nerve endings of fibers
to other mediators of inflammation such as histamine,
serotonin, bradykinin, and substance P, thereby produc-
ing hyperalgesia (Goodman, 2003). The inhibitory effect
of VCO on the writhing response could be both due to
a peripheral effect by blocking the synthesis and/or
release of the endogenous substances responsible for
pain and in part via a central effect.

Effects of VCO and ibuprofen on yeast-induced
hyperthermia in rats

The antipyretic effect of VCO and ibuprofen is demon-
strated in Figure 5. In the control group, the high rectal
temperature was stable at all assessment times. The oral

administration of VCO at a dose of 4000 mg/kg slightly
decreased the rectal temperature, with activity being sig-
nificant from 60 min after drugadministration. Ibuprofen
at an oral dose of 100mg/kg significantly reduced the
high rectal temperature back to normal at all assess-
ment times. Fever is a clinical hallmark of inflammation
(Murphy & Ward, 2005). Yeasts, exogenous pyrogens,
are capable of stimulating the release of endogenous
pyrogens (interleukin-1 and tumor necrosis factor) from
polymorphonuclear leukocytes, monocytes, and other
cells. These pyrogens act on the thermoreceptive region
in the preoptic anterior hypothalamus to release ara-
chidonic acid, stimulate PG synthesis, and raise the set
point of the temperature-regulating center, which leads
an to increase of body temperature (Bernheim et al.,
1980; Kadar, 1998; Kumar et al., 2005). Ibuprofen, a non-
steroidal anti-inflammatory agent, possesses antipyretic
activity by inhibiting cyclooxygenase and thus blocking
the synthesis or release of PGs in the thermoregulatory
center (Wagner et al., 2004; Kumar et al., 2005). The
antipyretic activity of VCO is probably due to a similar
mechanism, by inhibition of the synthesis and/or release
of PGs in the central nervous system (CNS).

In conclusion, VCO caused significant reductions of
ear edema, paw edema, and granuloma formation. The
results obtained suggest anti-inflammatory activities of
VCO on both acute and chronic phases of inflammation
when it is used in high doses. In addition, VCO showed
moderate inhibitory effects on the writhing response
induced by acetic acid and yeast-induced hyperthermia,
which reflect its analgesic and antipyretic activities.

Further study on the safety of VCO, i.e., acute and
subchronic toxicity, will be performed to confirm the
effect of VCO on complete blood count, blood chemis-
try, and gross histopathology.
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