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Fatty Acid Profile and Anti-Inflammatory Activity of Fixed Plant Oils

Selene Maia de Morais'?, José Eranildo Teles do Nascimento?, Antonio Adailson de Sousa Silva3,
José Eduardo Ribeiro Honério Junior?, Diana Célia Sousa Nunes Pinheiro? & Ricardo Vasconcelos de Oliveira®

ABSTRACT

Background: Many seed oils have been used as anti-inflammatory agents, administred by ingestion or topical appli-
cation in traditional medicine. The objective of this research was to perform a chemical analysis of fatty profile and
a pharmacological study through a topical experiment of TPA-induced ear edema test and an internal assay - acetic
acid-induced vascular permeability in Swiss mice of some fixed oils popularly used for inflammatory problems, trying
to confirm their action.

Materials, Methods & Results: Fixed lipids of Ouratea fieldingiana (batiputd), Caryocar coreaceum (pequi), Annacar-
dium occidentale (cashew-nuts), Cocos nucifera (coco-da-bahia), Byrsonima crassifolia (murici) e Elaeis guineenses
(palm) were selected for the identification of fatty acids profile by gas chromatography coupled to mass spectrometry
(GC/MS) analysis and evaluation of anti-inflammatory activity by TPA-induced ear edema test and acetic acid-induced
vascular permeability in Swiss male mice. The oils were purchased in local markets or extracted in Soxhlet apparatus
with hexane. The oils of cashew nut, murici fruit, and pequi nut presented a high percentage of unsaturated fatty acids
(81.80, 74.46 and 60.72 %, respectively). In the oils of batiputd and murici, linoleic acid was the main unsaturated fatty
acid (45.06% and 74.66%, respectively) and oleic acid was main constituent in cashew nut, pequi and palm seed oils.
Batiputd and palm oils exibit approximately equivalent content of saturated and unsaturated fatty acid and coconut oil
more saturated fatty acids (80.72%) with predominance of lauric acid. The result of TPA-induced ear edema test revealed
that all oils presented similar anti-inflammatory activity. In the acetic acid-induced vascular permeability model, the
oil of O. fieldingiana was the only one who showed anti-inflammatory activity, while C. coreaceum and B. crassifolia
oils showed pro-inflammatory activities. The presence of phenols and flavonoids was evaluated in the O. fieldingiana
oil by spectrophometric methods.

Discussion: All the oils showed anti-inflammatory action in the TPA-induced ear edema, probably the action of
unsaturated fatty acids was more important in topical application, nevertheless in internal inflammation process the
presence of antioxidant phenolic compounds could contribute to the higher activity of the oil from O. fieldingiana.
The effect of linoleic and oleic acids was demonstrated on the inflammatory response of the skin during the healing
process and on the release of pro-inflammatory cytokines by rat neutrophils in a prevoius study using sunflower oil.
Both oleic and linoleic acids increased the wound healing tissue mass. The total protein and DNA contents of the
wounds were increased by the treatment with linoleic acid. This pro-inflammatory effect of oleic and linoleic acids
may contribute to the wound healing process. In this study with six plant oils, some of them have higher content
in linoleic acid and others oleic acid is the major constituent so the antiinflamatory action on ear edema can be as-
sociated to these two unsaturaded fatty acids mechanism of action. In the internal model, probably other chemical
constituents revealed in Ouratea fieldingiana as phenols, condensed tannins, flavones and flavanones, could contribute
to the anti-inflammatory activity.
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INTRODUCTION

The use of herbal medicine with anti-inflam-
matory action has been increased in recent years with
the search for active principles that play effective role in
this process. Some seed oils displays anti-inflammatory
properties administred by ingestion or topical applica-
tion, such as sunflower oil (Helianthus annus), which
is used frequently as anti-inflammatory, antiseptic and
healing agent [1].

Some other fixed oil extracts have been also
employed to treat inflammation and among them the
following species are in Northeastern Brazil: Ouratea
fieldingiana popularly known as Batiputa [18]; Caryo-
car coreaceum, which yields a fruit common known as
Pequi, used widely in Araripe, southern Ceard and the
fixed oil has been employed in the treatment of skin
inflammation, respiratory affections [7], wound healing
and muscle pain; Byrsonima crassifolia fruit oil showed
anti-inflammatory action in a pharmacological study
[10,16]; Anacardium occidentale, popularly known as
cashew, has a great economic importance in Brazil and
cashew nut is one of the main exportation products [6];
Cocus nucifera (coconut) kernel and tender coconut
water have numerous medicinal properties such as anti-
bacterial, antifungal, antiviral, antiparasitic, antiderma-
tophytic, antioxidant, hypoglycemic, hepatoprotective,
immunostimulant [13,14]; Elaeis guineensis, common
name palm, in the Amazon region, is widely used in the
treatment of wounds and inflammations [2].

This study aimed to characterize the fatty acid
profile and evaluate the anti-inflammatory activity of
seed oils of O. fieldingiana, B. crassifolia, C. nucifera,
A. occidentale, C. coreaceum and E. guineensis.

MATERIALS AND METHODS

Plant identification

The plants were identified and their voucher
specimens deposited in the Herbarium Prisco Bezerra
of the Federal University of Ceard. The herbarium
specimens of the plants were deposited with the
number 27698 and to Ouratea fieldingiana, 23178 to
Caryocar coriaceum. The kernels of A. occidentale
were obtained at the Brazilian Agricultural Research
Corporation - EMBRAPA.

Obtaining of seed oils

The fruits of C. coreaceum were acquired in
the Cariri. The seeds were exposed to dry for 10 days.

Subsequently, the nuts were removed manually and
were then crushed with a homemade multiprocessor.
The fruits of Byrsonima crassifolia, and the oil from
the seeds of Cocos nucifera were acquired in Fortaleza,
CE, Brazil markets. The seeds of B. crassifolia were
placed to dry and then crushed mechanically. The crude
oil of O. fieldingiana was obtained in the trade city of
Cascavel. The oil from seeds of B. crassifolia and C.
coreaceum was extracted according to the Folch meth-
od. After being crushed almonds oil was extracted with
chloroform and methanol at a ratio of 2:1 v/v for 25
h, then saturated NaCl solution was added to facilitate
separation of the organic phase containing the lipids, of
the aqueous phase. The organic phase was evaporated
to give oil. The oil of almonds of Annacardium occi-
dentale was extracted through SOXLHET apparatus.

Phytochemical analysis of batiputa seed oil

Chemical tests were performed following the
protocols described by Matos [11], based on reactions
with specific reagents for the main classes of natural
products with precipitate formation or color change.
The content of phenolic compounds were determined
by spectrophometric (Helios Biomate)! methods of
Folin-Ciocalteu reagent for total phenols [19] and AICI,
reagent for flavonoids [5].

Preparation of methyl esters

Prior to analysis, samples of crude oil from each
plant were subjected to a transesterification reaction
where fatty acids were converted into methyl esters.
This technique consists of mixing 0.5 g of oil with 5
mL of hexane and 5 mL of 0.1M KOH in methanol?, in
20 cm glass test tubes with screw caps, with subsequent
heating in a water bath at 50°C for one hour. Thereafter
were added 4 mL of hexane and 15 mL of 5% HCl in
a separatory funnel, from which the hexane phase was
collected, containing the methyl esters.

Fatty analysis by GC/MS

The analysis of methyl esters of fatty acids of
oil was performed using a gas chromatograph coupled
to a mass spectrometer (Hewlett-Packard GC/MS
model 5971A)* equipped with a capillary column of
25 mm x 0.25 mm methyl - silicon and silica fused,
using helium as the carrier gas. The temperature pro-
gram was from 50 to 180°C, increasing 10°/min. The
identification of the constituents was made by looking
at the computer, retention index and interpretation of
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fatty acids in each sample library, along with their
percentages in order of volatility.

Animals

Female Swiss albino mice weighing 25 g were
obtained from the Central Animal Laboratory of the
Federal University of Ceard - UFC. The animals were
fed a standard commercial diet and given water and
food ad libitum. The animals were kept under normal
conditions of humidity, temperature and light (cycles
of 12 h light and 12 h in the dark). The mice were
randomly assigned to the control group and the other
treatment groups, being ten animals per group.

The in vivo experiments obeyed the rules of
handling laboratory animals, established by the Bra-
zilian College of Animal Experimentation (COBEA)
and the experimental protocols were approved by the
Christus University ethics committee for the use of
animals with the number 013/25.

Acetic acid-induced vascular permeability in mice

This test consists in evaluating the extravasa-
tion of fluid into the peritoneal cavity through the
direct estimation of plasma-dye absorption, measured
by spectrophotometerl. To perform the experiment,
7 groups of animals were formed, and each group
contained 6 animals. The group of animals, which
only received treatment with acetic acid, was called
negative control group. Another group consisted of
animals treated with indomethacin* (reference drug)
positive control. The other groups were treated for
each vegetable oil studied.

The separate groups of mice received injec-
tions of 100 pL oil intraperitoneally at the beginning
of the experiment. Thirty min after the injection of
oils, each animal received via the retro-orbital plexus,
100 pL of saline solution of Evans blue* 1%. Ten min
after administration of the dye, 400 pL of 0.5% acetic
acid solution was injected intraperitoneally. Twenty
min after injection of acetic acid, the animals were
sacrificed and its intraperitoneal cavity was exposed
and irrigated with 10 mL of distilled water. The volume
recovered was placed in 10 mL test tubes. To each tube
100 mL of 1N NaOH solution was added to eliminate
the turbidity caused by proteins. The reference group
was treated with indomethacin (10 mg/kg) orally.

The samples were analyzed for absorbance
values in a spectrophotometer using a wavelength of
590 nm. The standard curve was obtained from a stan-

dard solution of 1.0% Evans blue and several dilutions
were prepared: 3.9, 7.8, 15.6, 31.3, 62.5, 125, 250 and
500 mg/mL.

The results were expressed in mg of Evans
blue extravazed (average) and standard deviation of
the experimental groups.

TPA-induced ear edema test

The 12-O-tetradecanoylphorbol 13-acetate
(TPA)* is an irritant used in cutaneous inflammation
model in mice ears. The topical application of TPA
induces inflammation and hyperproliferative responses
(when used chronically) in animals, resembling in
many respects the signs of some skin diseases such as
psoriasis [12].

The animals were divided into groups of 10 and
received in right and left ear, topical application of 2.5
ug of TPA in acetone solution (0.125 pg/uL.), 10 uL for
each ear. Treatment consisted of topical application of
20 uL of vegetable oil administered to the right ear (10
uL for each ear) immediately after TPA treatment. The
left ears were treated with TPA and only were used as
controls. Indomethacin was used as reference drug (0.5
mg/ear). After 4 h the animals were sacrificed by cervi-
cal dislocation. 5.0 mm diameter discs were removed
from each ear and the weight was determined. Edema
was measured by the difference between the weights
of the discs of the right and left ears, and expressed as
the increase in ear thickness.

RESULTS

The relative percentage composition of the
fatty acids of the studied plants is shown in Table 1.
The fixed oils of cashew nut, murici fruit, and pequi
nut presented a high percentage of unsaturated fatty
acids (81.80, 74.46 and 60.72%, respectively). In the
oils of batiputd and murici, linoleic acid was the main
unsaturated fatty acid with 45.06 % and 74.66 %,
respectively and oleic acid was main constituent in
cashew nut oil. Batiputa and palm oils exibit approxi-
mately equivalence between saturated and unsaturated
fatty acid content and coconut oil more saturated fatty
acids (80.72 %).

In the test of acetic acid-induced vascular
permeability in mice, the group of animals that re-
ceived acetic acid intraperitoneally was considered
the negative control group. This group showed 75.35
+ 7.64 ug of dye. Indomethacin used as the reference
drug, showed a decrease in leakage of fluid from the
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abdominal cavity in the order of 29.12 + 2.19 ug. All
results are displayed in table 2.

The leakage of liquid found in the treatment
with coconut oil was 84.50 +21.44 pg, with the cashew
oil was 101.25 + 14.87 ug and the palm oil 105.00 +
22. 44 ng. The effect of Pequi and Murici seed oils was
129.62 £33.69 ug and 161.25 + 38.67 ug respectively,
values well above that found in the group of untreated
animals.

Only batiputd oil showed similar statistical re-
sults to indomethacin (37.43 £ 5.83 ug). The oil present-
ed a 1:1 proportion between unsaturated and saturated
fatty acids. Phenolic compounds were detected, which
also could be responsible for the anti-inflammatory
action. Phytochemical tests of the O. fieldingiana oil

revealed the presence of phenols, condensed tannins,
flavones and flavanones, being determined total phenol
as 11.6 +£2.29 mgEAG /g extract and flavonoid content
was 9.51 £ 0.071 mgEQ/g extract.

In the ear edema test, after 4 h of treatment,
the group of animals that did not receive any treatment
(negative control) presented a swelling which increased
the weight of the discs from mice ears of 6.26 = 0.17
mg and the weight in the group of animals whose ears
received only TPA (positive control - CP) was 14.70
+ 1.30 mg (Table 3). Indomethacin, used as reference
drug, reduced the edema caused by the irritant to 6.80
+ 0.70 mg (approximately 50% of the edema formed)
and presented statistically similar results to the group
of untreated animals.

Table 1. Percentage composition of fatty acids methyl esters of fixed oil extracted from plant seeds.

Fal:tl}gfu:c/id Batiputd Pequi Murici Cashew nut Coconut Palm
Capric - - - 3.84 -
Lauric 0.56 - - 41.9 -
Myristic 2.57 - - 17.22 1.16
Palmitic 33.64 16.08 16.66 8.27 10.10 36.61

Palmitoleic 1.45 - - - -
Stearic 11.76 22.18 8.88 9.93 7.65 5.13
Oleic 4.88 34.52 81.80 19.28 55.95
Linoleic 45.06 - 74.66 - - -

a-Linolenic - 26.20 - - -

Arachidonic - 1.02 - - -

Saturated FA 49.98 39.28 25.54 18.20 80.72 44.05
Unsaturated FA 49.94 60.72 74.46 81.80 19.28 55.95

The fatty acid methyl esters are displayed in order of elution from a non-polar column of the gas chromatograph. FA = Fatty Acid.
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Table 2. Evaluation of the extravasation of fluid into the peritoneal cavity through the direct estimation of plasma-dye
absorption measured by spectrophotometer to compare the effect of plant seed oils on vascular permeability in mice

induced by acetic acid.

Treatment

Extravasation of dye (ug) X = SD

Negative control group (acetic acid)
Indomethacin
Batiputa oil
Cashew nut oil
Coconut oil
Dendé oil
Murici oil

Pequi oil

75.35 £ 7.64°

29.12 £2.19°

37.43 +5.83°
101.25 = 14.87¢
84.50 + 21.44%¢
105.00 = 22.44¢
161.25 + 38.67¢
129.62 + 33.694

Values are expressed as mean + standard deviation; n = 6. Different letters means statistical significant differences

Table 3. Anti-inflammatory effect of the oils on the ear edema induced by 12-O-tetradecanoylphorbol

13-acetate (TPA).

Treatment Ed;rias(gg) Inhibition (%)
Untreated animals 6.26 £0.17* -
TPA 14.70 = 1.3° -
Indomethacin 6.80£0.7* 53.75
Batiputa oil 9.33 £ 1.57* 36.54
Coconut oil 6.16 £ 0.47* 58.1
Cashew nut oil 8.92 +(.83% 39.29
Dendg oil 6.66 + 0.58* 54.7
Murici oil 8.60 = 0.85* 41.5
Pequi oil 7.44 +1.28° 49.37

Results are expressed as mean + standard deviation, n = 10; (P < 0,05). Different letters means statistical

significant differences

DISCUSSION

In the test of acetic acid-induced vascular per-
meability in mice, it was found that the liquid leaking
found in the treatment with coconut oil, cashew nut
oil and palm oil were statistically similar to that found
in the group of untreated animals, demonstrating that
these oils had no effect on the extravasation of fluid
into the abdominal cavity of animals. The effect of seed
oils of Pequi and Murici were higher than that found in
the untreated animals. The plasma protein extravasation
caused after use of these oils was greater than that made

by the group of animals treated with acetic acid by
intraperitoneal via, showing pro-inflammatory action.

Only batiputa oil showed similar statistical
results to indomethacin. The fatty acid profile of
Batiputd oil presented a 1:1 proportion between un-
saturated and saturated fatty acids and a high content
of linoleic acid, similarly to other oils. Probably the
differences in the fatty acid profile are not responsible
for its higher activity in this internal inflammation
model. Local population obtains this oil by seeds
extraction with boiling water, then separating the oil
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by decantation. Probably this procedure facilitates
the incorporation of phenolic compounds in the oil,
which contribute to the antioxidant protection to
tissues of abdominal cavity. As antioxidants have
shown antiphlogistic properties and attenuate tissue
lesion [3], the phenolic composition of the oil from
the batiputa oil might be involved in the attenuation
of the inflammatory process.

A pharmacological study revealed that C.
coreaceum fixed oil (CCFO) was able to reduce the
edema and the influx of inflammatory cells in mice
ears sensitized with Croton oil and Arachidonic acid,
indicating the potential application of CCFO as an
important herbal medicine to be used against skin
inflammatory diseases [8,17]. In this study, the inflam-
mation was caused by TPA and the healing action of
pequi oil corroborates those previous studies using
other inflammatory agents.

In Brazilian traditional medicine, Quratea
spp. have been indicated for the treatment of palsy,
erysipelas and uterine wounds. Leaves of O. spectabi-
lis are used as stomachic and vermifuge, as well as for
the treatment of gastric distress. Leaf infusions of O.
parviflora have long been prescribed for the treatment
of inflammation-related diseases such as rheumatism,
sprains and arthritic disorders, and further skin dis-
eases [4,20,21]. In this study O. fieldingiana oil gave
positive results in ear edema tests confirming the use
of the plant for skin diseases, similarly to other oils
of this study.

The skin injury causes a series of events in-
cluding inflammation, new tissue formation, and tis-
sue remodeling, which finally lead to at least partial
reconstruction of the wounded area. The repair process
is initiated immediately after injury by the release of
various growth factors, cytokines, and low-molecular
weight compounds from the serum of injured blood
vessels [22].

In the ear edema test, all oils studied were
able to decrease the swelling in relation to the group
of animals receiving TPA. A previous work showed
by morphometrical, clinical and histological assays
that sunflower-seed oil improved the granulation tis-
sue formation and epithelial resurfacing of wounds.
The authors stated that sunflower-seed oil or other
vegetable oils containing a high concentration of
linoleic acid can be indicated as a therapeutic al-

ternative for wound healing process in veterinary
medicine [9].

The effect of linoleic and oleic acids was
demonstrated on the inflammatory response of the
skin during the healing process and on the release
of pro-inflammatory cytokines by rat neutrophils.
A wound in the dorsal surface of adult rats was
performed and fatty acids were then topically ad-
ministered. Both oleic and linoleic acids increased
the wound healing tissue mass. The total protein
and DNA contents of the wounds were increased
by the treatment with linoleic acid [15]. This pro-
inflammatory effect of oleic and linoleic acids may
speed up the wound healing process [22]. In this
study with 6 plant oils, some of them have higher
content in linoleic acid and others oleic acid is the
major constituent so the anti-inflamatory action on
ear edema can be associated to these two unsaturaded
fatty acids mechanism of action.

CONCLUSIONS

All oils presented similar activity in topical
application on ear-edema test showing probably a
balance between oleic and linoleic acid contribu-
tion in the anti-inflammatory action. In the acetic
acid-induced vascular permeability model, the
oil of Ouratea fieldingiana was the only one who
showed anti-inflammatory activity, while Caryocar
coreaceum and Byrsonima crassifolia oils showed
pro-inflammatory actions. In the internal model,
probably other chemical constituents revealed in
Ouratea fieldingiana as phenols, condensed tannins,
flavones and flavanones, could contribute to the anti-
inflammatory activity.
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