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Cycads contain toxins, when consumed may cause oxidative stress, hepatotoxicity and even
colon cancer. Spices show potential health benefits as they possess hepatoprotective,
antihyperlipidemic and antioxidant activities. Hepatotoxicity chemoprevention by using
antioxidant approaches has been suggested to offer a good potential of central importance. The
study was aimed at ascertaining the effect of Syzygium aromaticum (clove) on lipid profile and
antioxidant status of rat fed cycas formulated diet. Twenty albino Wistar rats (100 - 180 g) were
used. The rats were fed normal diet only (Group 1), cycas diet only (Group 2), cycas containing
diet plus S. aromaticum extract (Group 3), and normal diet plus S. aromaticum extract (Group
4). The aqueous extract of S. aromaticum was administered orally at 200 mg/kg b.w and the
diets were fed for 28 days. The parameters evaluated for antioxidant activity were reduced
glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT) while total cholesterol
(TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDLC), triacylglycerol (TAG) and malondialdehyde (MDA) were determined for lipid profile using
standard methods. The results showed significantly lower SOD, CAT, GSH and HDL-C level
and higher TC, TAG, LDL-C and MDA level in liver of rats fed cycas containing diet in
comparison with rats fed normal diet. The administration of the extract showed significantly
higher CAT and SOD activity and lower MDA level when compared with the animals fed cycas
containing diet only. It is concluded that the extract protects against cycas-induced toxicity.
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Introduction
Natural products significance in both traditional and
modern medicines cannot be over-emphasized. These may be due to
their immense contributions to the well-being of man. Plants have
been generally used worldwide for the treatment of diseases. 1 Cycad is
an ancient gymnospermous plant that is extremely toxic to animals if
ingested.2 Consumption of cycas plant may be associated with
oxidative stress, hepatotoxicity and colon cancer. 3,4 In colorectal
cancer blood from the bowel flows to the liver directly. The liver is the
main target of colorectal cancer to spread to. 3 Oxidative stress
alterations caused by cycas may be due to increase in reactive oxygen
species (ROS) and also inhibition of antioxidant systems. 3 Humans
who eat spices benefit from the antioxidant properties of the spices.5-7
Antioxidants are molecules that does oxidation impediment of other
molecules.7 However, a paramount measure is carried out by spices
with antioxidant properties in regards to disease prevention. 8 Clove
(Syzygium aromaticum) is a spice use around the world (including
Nigeria in Africa). Clove bud is aromatic and can be used as stimulant
for gastric irritation and dyspepsia.8, 9 Every cell produces antioxidant
enzymes called SOD, CAT and glutathione peroxidase (GPx) which
may help in suppressing oxidative stress.8 Altered activities of these
enzymes and lipids were revealed to be indispensable in multi-stage
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carcinogenesis of both rats and humans.10, 11
The study was aimed to assess the effect of S. aromaticum aqueous
extract on lipid profile and some antioxidant parameters in the blood
and liver of rats fed cycas containing diet.

Materials and Methods
Cycas Plant and Spice (S. aromaticum)
Cycas plant was acquired from Abraka Delta State. S. aromaticum
(clove) was purchased from Ekpoma main market, Edo State. The
cycas plant and clove were collected during March- April, 2018. The
spice and cycas plant (Cycas revolute) were identified at Forest
Research Institute of Nigeria, Ibadan, with voucher number of FHI
110603 and FHI 6013157596 deposited in their Herbarium.
Experimental animals
Eight weeks old albino Wistar rats with weight range of 100 - 180 g
was used for the study. The rats were purchased from the animal
house in the Anatomy Department, Basic Medical School, Delta State
University, Abraka. The animals were aclimatized for 7 days. They
were housed in plastic cages with wire gauze. They had a 12h light/
dark cycle and fed with growers mash and had water ad libitum.
Animals were maintained in accordance with the guidelines and
protocol for care and standard use of laboratory animals by the
Canadian Council and Faculty of Science ethical committee (with
approved number, REC/FOS/20/010) of Delta State University,
Abraka.
Preparation of the spice aqueous extract
Spice was dried in sun for two weeks till a constant weight was
attained and then crushed with a blender into smooth powder. One
hundred grams of the powdered spice was extracted with 500 ml of
water (60oC), and was allowed to stand for 48 hrs. A clean muslin
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cloth was used to sieve the mixture. The filtrate was concentrated to
dryness using water bath (40oC). One gram of S. aromaticum dried
sample (crude extract) was reconstitution with 9 ml of distilled water.
Acute toxicity study of AESA
The acute toxicity of the extract was determined in order to select a
suitable dose for the protective study. This was done using the method
described by Lorke 12. In the initial phase, rats were divided into 4
groups of 4 rats each and were treated with 100 mg, 200 mg, 500 mg
and 1000 mg per kg body weight aqueous extract of S. aromaticum
(AESA) orally. The rats were treated daily for 7 days, and then
observed for signs of toxicity, including death. No mortality was
observed after the administration of the extract orally to the rats at the
dose of 100 to 1000 mg/kg b.wt for 7 days. Growth of some little new
hair in rats given 200 mg/kg b.wt. and decrease in locomotion of rats
given 500 to 1000 mg/kg b.wt AESA were some of the features
observed.. However, 200 mg/kg body weight was used as a protective
dose.
Preparation of cycas containing diet and normal diet
The cycas plant was sun dried for duration of two weeks and then
ground to fine powder. The diets for each group (normal diet and
cycas containing diet) were formulated by mixing known quantities of
sources of each food class comprising: garri, soya bean, palm oil,
cellulose in form of corn cob, salt mix, vitamin mix, and sucrose. The
food components were purchased from Abraka local market. The
vitamins and minerals mix (manufactured by Hebei Vsyong Animal
(HVA) Pharmaceutical Co. Ltd, China) was also purchased in Abraka
(Table 1).
Experimental protocol
Twenty (20) rats were shared into four groups each comprised of five
rats and treated as follows: Group 1: Control (rats fed normal diet
only). Group 2: Cycas control (cycas containing diet only). Group 3:
Rats fed cycas containing diet + 200 mg/kg body weight AESA.
Group 4: normal diet + 200 mg/kg body weight AESA. The
administration of the extract was done orally for 4 weeks. On the final
day of the experiment, the rats were subjected to fast overnight and
sacrificed by cervical decapitation. Blood was collected in heparinised
tubes for blood GSH determination and liver was harvested
immediately. Zero point five gram (0.5 g) of tissues were
homogenized in 4.5 ml of normal saline and centrifuged at 2,500 RPM
for 15 minutes to obtain the supernatant which was used for the
biochemical analysis.
Estimation of GSH
The GSH level in blood and tissue was estimated by Beutler et al. 13
and Ellman 14 method respectively. The sulfhydryl group of
glutathione react with DTNB (5, 5, - dithiobisnitro benzoic acid,
Elman’s reagent) to produce a yellow colour, 5- thio -2- nitrobenzoic
acid (TNB). Glutathione reductase reduces the mixed disulphide
formed which yields more TNB and recycle the GSH. TNB produced
is proportional to GSH in samples measured at 412 nm wavelength
using a spectrophotometer.
Assay of SOD activity
Misra and Fridovich method15 was utilized for the assay of SOD
activity. Superoxide dismutase exhibits autoxidation of epinephrine by
superoxide radical (O2-). The assay of SOD is an indirect method
which is centred on the inhibitory effect of SOD in the initial rate of
epinephrine autoxidation which is derived from the reaction proposed
by Misra and Fridovich,15 for the base catalysed autoxidation of
epinephrine. The absorbance was checked at 480 nm every 30 seconds
for 120 seconds.
Assay of CAT activity
Cohen et al. technique16 was adopted for the assay of CAT activity.
CAT breaks down H2O2 directly into water and oxygen.
Spectrophotometer was used to examined the decrease in H2O2
concentration at 480 nm for 30 minutes.
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Evaluation of Lipid peroxidation (LPO)
Lipid peroxidation in form of malondialdehyde (MDA) was assessed
by the procedure of Buege and Aust.17 The thiobarbituric acid (TBA)
to measure LPO after reaction with the sample indicated an increase in
absorbance at 532 nm.
Estimation of TC
Total cholesterol was estimated using Richmond method.18 The
enzymatic process involves a series of coupled reactions that
hydrolyzes cholesteryl esters and oxidize the 3-OH group of
cholesterol. Hydrogen peroxide which is a by-product of the reaction
is measured quantitatively in a peroxidase catalysed reaction that
produces a colour. The colour intensity is proportional to the
cholesterol concentration measured at 500 nm.
Estimation of HDL-C
HDL-C was estimated using the method of Badimon et al. 19 In this
reaction, the reagent is only for treatment of specimen before the
assessment of HDL –C with a reagent for total cholesterol. Highdensity lipoprotein – cholesterol obtained in supernatant after
centrifugation was measured with total cholesterol at absorbance of
500 nm.
Determination of LDL-C
Low density lipoprotein cholesterol was calculated using Friedewald
formula as follows;

Determination of TAG
Triacylglycerol was assayed using method of Fossati and Prencipe,20
TAG is hydrolyzed by lipase to form glycerol and free fatty acid. The
process involves enzymatic assay together with Trinder reaction which
ends when quinoneimine dye is formed. The amount of dye formed,
determined by its absorption at 540 nm, was directly proportional to
the concentration of TAG in the samples.
Statistical analysis
The data obtained was analysed using Analysis of Variance
(ANOVA). The results were expressed as Mean ± SD. Significant
difference of means were determined at 5% (p< 0.05) confidence level
using Post hoc test (LSD; least significant difference).

Table 1: Diets compositions
Components

Normal diet
(%)
51.7

Cycas containing diet
(%)
51.7

Soya bean (defatted)

20.0

20.0

Palm oil

5.0

5.0

Cellulose

5.0

5.0

Salt mix

3.0

3.0

Vitamin mix

2.3

2.3

Sucrose

13.0

3.0

-

10

White Garri

Cycas

Results and Discussion
GSH level, Antioxidant enzymes and LPO level of rats
In all cycad genera, cycas is found 21 and well-known to be
carcinogenic in four animal species which are rat, hamster, guinea-pig
and fish; inducing tumours in various organs. 10,22 Cancer deterrence
using antioxidant approach is suggested to offer important benefit to
public health, clinicians and institutional researchers as a key strategy
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for setback or delaying of carcinogenesis. 23,24 Animal have an
effective mechanism to inhibit tissue damage caused by free radical
which induces oxidative stress through the help of antioxidant
enzymes and protein such as SOD, CAT, GPX and GSH. 25 Table 2
shows the GSH level in the blood and liver of cycas fed rats. There
was a significantly (p < 0.05) lower GSH levels in liver and blood of
rats fed with cycas diet only compared with rats fed the normal diet.
Rats fed cycas diet and 200 mg/kg body weight of clove extract
showed significant (p < 0.05) higher GSH level in liver and blood
compared to rats fed cycas diet only. However, liver and blood GSH
level were significantly (p < 0.05) lower in rats fed normal diet only
compared to that given 200 mg/kg body weight of clove extract. Table
3 illustrates how clove extract protects antioxidant enzymes and
prevent LPO in liver of rats fed cycas diet. The results indicated a
significantly (p < 0.05) lower SOD and CAT activity as well as a
higher MDA level in fed cycas diet compared with normal diet. Also,
rats fed cycas diet and 200 mg/kg body weight of clove extract had a
significant (p < 0.05) high SOD and CAT activity as well as a low
MDA level in liver compared to rats fed with cycas diet only. The
decreased activities of CAT, SOD and GSH level in blood and liver
(Tables 2 and 3) of rats fed cycas containing diet only, may be as a
results of the vital role of these antioxidant molecules against oxygen
free radical stress. Also, this decrease may point to rapid exhaustion of
the enzymes in fighting the free radicals generated during cycas
toxicity. Other studies have shown that the altered activity of
antioxidant enzymes is essential in multi-stage carcinogenesis of both
rodents and humans compared to their appropriate normal cell
counterparts.10 However, antioxidant activity was increased when
aqueous extract of clove was administered. The results of the study are
in agreement with the results of Perše et al.3 who showed that natural
antioxidants have potential to inhibit cancer in animal model. An
increased MDA in liver of rats fed cycas containing diet only (Table
3) may involve in the commencement of liver lesions. However, LPO
changes cell membranes fluidity, increases membrane permeability
and inflammation.26 Treatment of rats given cycas containing diet with
AESA decreased the level of lipid peroxidation. Eugenol a main
constituent of S. aromaticum has anti-inflammatory effect which may
be associated to its regulation of redox status, reduction of LPO and
enhancement of antioxidant enzymes.27

Moreover, significant (p < 0.05) decrease in TC, TAG, LDL-C and
increase in HDL-C were observed in liver of fed normal diet
compared with rats given 200 mg/kg body weight of clove extract.
The significant elevation in TC, TAG, LDL-C levels and reduction in
HDL-C levels in liver (Table 4) of rats fed cycas containing diet only
compared to rats fed normal diet observed in the study collaborates
with previous results of Eriyamremu et al. 23 who reported the early
biochemical events of mice given cycas and a Nigerian like diet. The
significant increase in TC and TAG level in rats of cycas control
compared with normal control may be due de novo lipid synthesis.
According to Al-Otaibi et al.25 the combined effect of lipid
degradation and de novo lipid synthesis induced by oxidative stress
could be an attempt to meet lipid requirements for growth and
metabolism.

Changes in Lipid profile of rats
After 28 days of treatment, significant (p < 0.05) increase in TC, TAG,
LDL-C and decrease in HDL-C levels were observed in rats given
cycas diet only compared with rats administered normal diet.
Treatment of rats given cycas diet with 200 mg/kg body weight of
clove extract showed significantly lower TC, TAG, LDL-C and higher
HDL-C levels in liver when compared to rats given cycas diet only.

Normal

Table 2: GSH of rats fed formulated diets
Groups

Normal diet only

Blood GSH
(mg% of
white blood)
9.27 ± 2.52 a

Liver GSH
(unit/g
wet tissue)
12.23 ± 3.43 a

Cycas diet only

4.29 ± 1.55 b

5.29 ± 1.61 b

c

9.66 ± 2.90 c

Cycas diet + S. aromaticum extract

7.14 ± 1.47

Normal diet + S. aromaticum extract

12.47 ± 2.96 d

19.53 ± 6.96 d

Values are given in mean ± SD., n = 5. Mean values with different
superscript letter (a, b, c, d) in the same column differ significantly at
p < 0.05.

Table 3: Liver SOD, CAT and MDA of rats
Groups
Normal diet only

SOD (units/g
wet tissue)
28.33 ± 6.04a

CAT (units/g
wet tissue)
60.39 ± 15.78a

MDA(units/g
wet tissue)
3.49 ± 1.04a

Cycas diet only

16.39 ± 7.61b

36.18 ± 4.43b

8.12 ± 2.59b

c

5.36 ± 2.10c

69.94 ± 8.03d

0.85 ± 0.55d

Cycas

diet

+

c

S.

23.85 ±7.84

S.

33.20 ± 6.63d

48.16 ± 7.25

aromaticum extract
diet

+

aromaticum extract
Values are given in mean ± SD., n = 5. Mean values with different
alphabet in the same column differ significantly at p < 0.05.

Table 4: Liver lipid profile of rats
Groups

TC (mg/dL)

TAG (mg/dL)
a

190.04 ± 11.01

LDL-C (mg/dL)
a

32.09 ± 23.08

a

HDL-C (mg/dL)
160.90 ± 14.01 a

Normal diet only

224.60 ± 18.48

Cycas diet only

301.28 ± 39.15 b

270.09 ± 17.34 b

129.91 ± 34.56 b

117.35 ± 14.91 b

Cycas diet + S. aromaticum extract

266. 80 ± 14.87 c

246.97 ± 30.15 c

87.03 ± 14.35 c

130.36 ± 21.47 c

Normal diet + S. aromaticum extract

201.02 ± 26.56 d

177.47 ± 19.59 d

17.26 ± 12.29 d

179.20 ± 14.41 d

Values are represented in mean ± SD, n = 5. Means sharing different superscript alphabet of the same parameter differ significantly at p < 0.05.
The high concentration of LDL – C level in rats fed cycas containing
diet could probably be due to increase in hydrolysis of
cholesterylesters. Cholesterylester hydratase hydrolyses cholestrylesters
and the activation of apo – B, thus increasing the level of cholesterol
in liver tissue.28The significant (p < 0.05) decrease in HDL-cholesterol
in rats fed cycas diet only could be associated with alteration in lipid
metabolism caused by cycas induced free radicals which results in

oxidative stress. This is in line with Venkatachalam et al.29 who
reported that azoxymethane which is a main metabolite of cycas
induces free radical formation and lipids alterations. However, the
administration of AESA to rats fed cycas diet enhances liver lipid
profile.
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Conclusion
Cycas induced oxidative stress results in alterations of biochemical
parameters. The study showed that S. aromaticum extract
demonstrated antihperlipidemic and antioxidant protective effect
against oxidative stress and lipid peroxidation in the liver of rats fed
cycas containing diet.
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