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Kenaf seed supercritical carbon dioxide oil (KSO-SFE) is known for its numerous health benefits

such as high antioxidant activity, lower plasma cholesterol level, chemopreventive to cervical and

colon cancer. As there has been no report of toxicological evaluation, present study was conducted

to assess the toxicity effects of KSO-SFE at 500, 1000, 1500 mg/kg body weight/day on male

Sprague Dawley rats for 9o days. Parameters measured were body and organs weight, hematology,

serum biochemistry, and histopathology of liver and kidneys. Induction with KSO-SFE showed

lower creatinine level at all doses when compared with control group. Whereas lower plasma

cholesterol level has been observed at 1000 and 1500 mg/kg bw/day, respectively. These slight

changes were considered no toxicological significance. No mortality or treatment-related adverse

effects in any of the parameters measured throughout the administration period even at the

highest dose (1500 mg/kg bw). Based on these results, the no-adverse-effect level (NOAEL) for

KSO-SFE under the condition of this study corresponds to the highest dose (1500 mg/kg bw/day).
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I. INTRODUCTION

Kenaf (Hibiscus cannabinus), from Malvaceae family, is a
tall herbaceous yearly woody tropical plant. It has been
introduced in Malaysia as a fibre crop to replace tobacco.
Usually, kenaf seeds were disposed as unused material
during collecting or managing of kenaf plantation. However,
with the encouragement of Malaysian government, extensive
research has been done on kenaf seeds. Kenaf seeds yield a
considerable amount of vegetable oil (15-20%) that is safe
for individual consumption (Giwa Ibrahim et al.,, 2019).
Kenaf seed oil (from hexane extraction) encompasses alpha-
linolenic acid (ALA), phytosterol and vitamin E that possess
anticancer, antioxidant and lipid lowering properties

(Mohamed et. al., 1995; Nyam et. al., 2009; Chew et al.,
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2019). However, products that are acquired (especially oil)
from organic solvents are continuously questioned for its
safe intake owing to the imperfect solvent eradication.
Therefore, supercritical fluid carbon dioxide extraction
proposes a safer way of extraction.

Supercritical fluid extraction (SFE) offers an additional
way of extraction method whereby supercritical fluids, as a
substitute to organic solvents, are employed as an extraction
medium. The most common supercritical solvents are
carbon dioxide (CO-). CO: is cheap, environmental-friendly
and generally recognized as safe by U.S Food and Drug
Administration (FDA) (Khaw et al., 2017). The advantage of
using CO: is its gaseous at room temperature and pressure,
which makes extracts retrieval

(such as oil) very
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straightforward and offers cleaner end products (Li et al.,
2019). Based on literature, kenaf seed oil that extracted
using SFE (KSO-SFE) gave higher amount of tocopherol and
sterol when compared with hexane extraction (Chan and
Ismail., 2009). KSO-SFE reduces aberrant crypt foci count
(putative precursor in colon cancer) in azoxymethane
induced rats, inhibits proliferation of colon cancer (HT29)
and ovarian cancer cells (CaVo3) (Ghafar et al., 2012;
Ghafar et al., 2013; Yazan et al., 2011). KSO-SFE has been
proven to possess a lot of health benefits. Therefore a 90
days subchronic toxicity study of KSO-SFE in male Sprague
Dawley rats was performed preclinically as supportive

evidence on the benefits of KSO-SFE.

II. MATERIALS AND METHOD

A. Preparation of KSO-SFE

Kenaf seed (Figure 1) was acquired from the Malaysia Kenaf
Tobacco Board, Pasir Putih, Kelantan. Kenaf seed was
cleansed and desiccated at stable temperature (50°C)
overnight in the oven (FD 115, Fisher Scientific). The
absolute humidity level of dried seed was less than 5%.
Kenaf seed oil was concocted using supercritical carbon
dioxide fluid extractor (Thar 1000 F, USA) at 600 bars,
40°C. The detailed procedure has been previously reported
in literature (Chan & Ismail, 2009; Mariod et al., 2011;
Ghafar et al., 2012). In brief, 100 grams of seed were milled
using a stainless-steel mixer (Waring Commercial, USA) for
one minute and positioned into a 1-litre extraction
container. After the extraction container was securely
sealed, the preferred temperature (40°C) and pressure (600
bars) were then established. The flow rate of carbon dioxide
was established at 25 g/min and controlled by automated
back pressure controller. The extraction begun following the
anticipated temperature and pressure were achieved. The
entire extraction procedure continued for two hours and
thirty minutes. After the extraction was accomplished, the
extraction container was depressurized and the oil was
collected. The extracted oil was assembled and stored at -

20°C until further used.

Figure 1. (A) Kenaf seed and (B) Kenaf seed oil extracted

from supercritical fluid extraction (SFE)

B. Experimental Animals

Ethics endorsement for animal practice in this study was
attained from the Animal Care and Use Committee (ACUC),
Faculty of Medicine & Health Sciences, Universiti Putra
Malaysia (ACUC no: UPM/FPSK/PADS/BRUUH/00256).
Twenty-four male Sprague Dawley rats (at 4 weeks of age)
weighed between 90 to 150 g were purchased from the
Faculty of Veterinary Medicine, Universiti Putra Malaysia.
They were maintained in a well-ventilated area at the animal
house at room temperature, 29—32°C, 70—-80% moisture
with a 12 hours light/dark cycle. A total of 3 animals were
sheltered in every cage and nourished with a basal diet for 13
weeks. Water and diet were given ad libitum. The animals
were cared for as specified by the guidelines of the Animal
Care and Use Committee (ACUC) Faculty of Medicine &

Health Sciences Universiti Putra Malaysia.

C. Experimental Design

In this study, 9o days of repeated dose oral toxicity
evaluation was carried out on KSO-SFE. This study was
based on Organization for Economic Co-operation and
Development (OECD) test guideline 408 (OECD, 2018).
They were divided into 4 groups as: negative control group
(group 1), fed with 500, 1000 and 1500 mg/kg body weight
KSO-SFE (group 2-4). Groups 2 to 4 were treated with KSO-
SFE through gavage every day in the morning for 9o days.

Body weight was recorded weekly. At the end of
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administration period, the rats were let to be abstained
overnight and blood was gathered via cardiac perforation.
The liver, kidneys, heart, spleen, brain, lungs were
harvested, washed with 0.9% saline and fixed in RCL2®
solvent (Plaisir, France) for histopathological experiment

(Masir et al., 2012).

D. Hematological Assays

Whole blood was examined with KX-21 haematology
analyzer (Kobe, Japan). White blood cell (WBC), red blood
cell (RBC), haemoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH),
(MCHC), platelet (PLT), lymphocyte (LYM), red -cell
distribution width (RDW), platelet distribution width

mean corpuscular haemoglobin concentration

(PDW), mean platelet volume (MPV) and platelet larger cell

ratio (P-LCR) amounts were measured.

E. Biochemical Assays

Blood was collected in EDTA tubes and centrifuged at 3000
g for 10 minutes to split the plasma. The plasma was
subsequently explored with Vitalab Selectra-XL (Dieren,
Netherland) for gamma-glutamyl transpeptidase (GGT),
alanine transaminase (ALT), glucose, urea, creatinine, total
cholesterol, high density lipoprotein (HDL), low density
lipoprotein (LDL) and triglyceride (TG).

Body weight (g)

Weeks

Figure 2. Growth curves of male Sprague Dawley rats
administered with KSO-SFE for 9o days
F. Histopathological Studies

Tissue liver and kidneys were fixed in RCL.. The tissues

were processed by the paraffin wax method using Leica

automatic tissue processor (TP1020) by dehydrating
through ascending grades of alcohol for one hour each in
80%, 95%, 95%, three changes of absolute alcohol, cleared
in 3 changes of xylene for one hour each and wax
impregnation in 2 changes of paraffin wax for 2 hours each.
The tissues were subsequently inserted in paraffin wax
employing Leica EG1160 embedding machine and sectioned
with Leica RT 1120 rotary microtome at 4 um thicknesses.
The sections were floated out on water bath at 45°C and
dried on hot plate at 60°C for 30 minutes. The sections were

stained with hematoxylin and eosin (H&E), then examined

under light microscope for general tissue structure.

G. Statistical Analysis

Statistical evaluation was achieved using Statistical Package
for Social Science (SPSS) and significant were recognized at
p<0.05. Data produced in the study were examined using
ANOVA and data were given as mean + SD and means were

separated using Tukey’s multiple comparison test.

III. RESULT AND DISCUSSION

The present investigation was carried out to estimate the
safety limits of oral administration of KSO-SFE through
toxicological assessments in rodents (male Sprague Dawley
rats). Kenaf seed is known to yield edible oil and it possesses
numerous health benefits, however very little information
on its safety and toxicological profile. This investigation
provides additional information regarding toxic effect of
KSO-SFE on male Sprague Dawley rats.

Safety estimation of medications and green products are
commonly performed in animals. It has been demonstrated
that there is a close relationship between rats’ toxicological
effects and human, therefore numerous studies have been
done on chronic, subchronic and acute toxicity study of
drugs or plant products on rats (Sprague Dawley) (Suh et
al., 2020; Zhang et al., 2020; Cladis et al., 2020; de Almeida
et al., 2019; Zhu et al., 2019). Subchronic toxicity study (90
days) is designed to assess the probable adverse effects in
continuous administration of drugs or plant products over a
portion of the regular life spans of laboratory animals such

as rats or mice.
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Table 1. Effects of KSO-SFE on organs weight in male Sprague Dawley rats

Organs o mg/kg bw 500 mg/kg bw 1000 mg/kg bw 1500 mg/kg bw
Brain (g) 1.82 + 0.222 1.73 £ 0.142 1.78 £ 0.122 1.74 + 0.132
Liver (g) 7.87 £ 1.012 7.43 £ 1.524 7.52 £ 1.082 7.51 £ 0.982
Heart (g) 1.05 + 0.322 1.11 £ 0.182 1.09 £ 0.152 1.24 + 0.282
Lung (g) 2.13 + 0.992 1.88 +0.432 1.83 £ 0.172 1.79 + 0.112
Kidney (g) 2.34 + 0.362 2.32 £ 0.382 2.51 + 0.512 2.31+ 0.212
Small intestine (g) 5.38 + 0.572 5.77 + 1.422 6.01 + 1.192 5.41 £ 0.672
Testis (g) 4.11 + 0.782 3.47 + 0.662 3.73 + 0.202 3.74 + 0.582
Spleen (g) 0.78 + 0.092 0.82 + 0.252 0.68 + 0.112 0.84 + 0.172
Stomach (g) 1.76 £ 0.212 1.64 +0.322 1.68 + 0.282 1.96 + 0.312
Colon (g) 1.38 £ 0.152 1.54 + 0.332 1.30 £ 0.232 1.27 + 0.052

Data are denoted as mean + SD. Data on the same row followed by different superscript letters differ significantly (p < 0.05).

Body weight (bw).

Table 2. Effects of KSO-SFE on the hematological parameters of male Sprague Dawley rats

Parameters o mg/kg bw 500 mg/kg bw 1000 mg/kg bw 1500 mg/kg bw
WBC (103/uL) 9.10 + 2.202 12.68 + 2.982 7.97 + 3.982 14.00 + 5.03?
RBC (10%/uL) 7.08 + 0.522 8.34 + 0.552 7.52 + 0.812 6.39 + 1.842
HGB (g/dL) 12.68 + 0.902 13.93 + 0.922 12.70 + 1.262 11.40 + 3.26%
HCT (%) 38.87 + 2.852 45.25 + 2.542 40.17 + 4.44? 34.62 + 5.312
MCYV (fL) 54.94 + 1.252 54.35 + 1.962 53.47 + 1.412 54.00 * 1.092
MCH (pg) 17.93 +£0.672 16.78 + 1.562 16.93 + 0.83% 17.88 £+ 0.512
MCHC (g/dL) 32.66 +1.392 30.83 + 1.882 31.68 + 1.202 33.08 + 0.852
PLT (103/uL) 1018.82 + 307.652 865.75 + 283.812 818.83 + 376.802 785.67 + 200.962
LYM (%) 73.30 + 7.072 76.18 + 8.082 70.50 + 5.26% 80.28 + 3.902
LYM# (103/uL) 6.62 + 1.692 9.78 + 3.002 5.73 + 2.982 11.46 + 6.152
RDW (%) 14.34 £ 0.672 14.33 + 1.002 14.90 + 1.20% 13.57 + 1.702
PDW (fL) 8.93 £ 0.482 9.40 + 1.442 9.42 + 0.602 8.77 £ 0.672
MPV (fL) 7.44 £ 0.282 7.55 + 0.792 7.52 £ 0.332 7.15 + 0.39%
P-LCR (%) 8.15 + 1.762 0.10 + 4.982 8.65 + 2.002 6.58 + 1.772

Values are represented as mean + SD. Values on the same row followed by different superscript letters differ significantly
(p<0.05). White blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet (PLT),
lymphocyte (LYM), red cell distribution width (RDW), platelet distribution width (PDW), mean platelet volume (MPV),
platelet larger cell ratio (P-LCR), body weight (bw).
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Table 3. Effects of KSO-SFE on biochemical parameters of male Sprague Dawley rats

Parameters o mg/kg bw 500 mg/kg bw 1000 mg/kg bw 1500 mg/kg bw
ALT (U/L) 103.17 + 24.512 105.11 + 25.442 75.47 + 20.972 86.94 + 18.142
Creatinine (umol/L) 81.23 +11.142 66.38 + 5.35P 60.67 + 11.19P 64.73 + 12.72b
Urea (mmol/L) 8.52 + 2.142 7.74 + 1.942 6.35 + 1.45? 6.03 + 1.372
Glucose (mmol/L) 4.10 £ 2.312 5.68 £ 0.972 3.43 + 1.442 4.84 + 2.012
GGT (mmol/L) 21.40 £ 4.09?2 22.34 + 3.762 20.04 + 5.982 21.67 £ 3.902
TC (mmol/L) 0.88 + 0.282 0.89 + 0.162 0.62 + 0.243b 0.61 + 0.05%b
TG (mmol/L) 0.40 £ 0.202 0.52 + 0.162 0.55 £ 0.242 0.47 £ 0.072
HDL (mmol/L) 0.44 £ 0.142 0.48 £ 0.052 0.43 + 0.092 0.41 £+ 0.132
LDL (mmol/L) 0.58 £ 0.192 0.54 + 0.052 0.41 £+ 0.182 0.51 £ 0.062

Data are denoted as mean + SD. Data on the same row followed by different superscript letters differs significantly (p< 0.05)
compared to control. Body weight (bw), gamma glutamyl transpeptidase (GGT), alanine transaminase (ALT), total
cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL), low density lipoprotein (LDL).

Figure 3. (A), (B), (C), & (D) showing histological examination of liver hepatocytes and (E), (F), (G) & (H) showing
histological examination of an area of the renal cortex containing several glomeruli (GL) inside the capsule bowman (CB)
using H&E staining. (A) & (E) o mg/kg bw, (B) & (F) 500 mg/kg bw, (C) & (G) 1000 mg/kg bw, (D) & (H) 1500 mg/kg bw.
Body weight (bw)

Unambiguously, they offer valuable evidence regarding the
toxicity of these plant products or drugs. It also designed to
identify the no observed adverse effect level (NOAEL).
NOAEL is described as the maximum dose amount that does
not create a significant escalation in adverse outcomes in
contrast to the control group (EFSA, 2020). This can deliver
the required supporting data to decide appropriate dose
treatments for prolonged experiments (Jeon et al., 2020).
The selection of doses was based on study done by Ghafar
et al., (2012). The study reported the administration of KSO-
SFE up to 1500 mg/kg bw showed chemopreventive activity
against colon cancer (Ghafar et al.,, 2012). Therefore, the

present study was designed to administer KSO-SFE at doses

500-1500 mg/kg bw for 9o days. During the administration
period, no deaths occurred and there are no notable clinical
signs were detected in any of the experimental animals.
Changes in body weights throughout the experimental
period are revealed in Figure 2. Body weights for all dose
groups (500 mg/kg bw, 1000 mg/kg bw, 1500 mg/kg bw)
were comparable to those of the control group. No
significant difference (p>0.05) were recorded throughout
the administration period in the weight of animals. In
addition, there is no significant difference in organs weight
treated with KSO-SFE at all doses as equated with control

group (Table 1). This is a good sign since decrease in body
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weight or changes in organs weight may be an indicator of
adverse effect of the treatment received (Zhang et al., 2020).
The results of hematological analysis are summarized in
Table 2. All parameters measured (WBC, RBC, HGB, HCT,
MCV, MCH, MCHC, PLT, LYM, RDW, PDW, MPV and P-
LCR) showed no significant difference (p>0.05) when
compared to control group. WBC count shows slightly
higher reading in 1500 mg/kg bw but the difference is
statistically irrelevant when compared to control group.
Biochemical analysis (Table 3) revealed that KSO-SFE
does not give any effects to ALT, glucose, urea and GGT level
except for reducing creatinine level (p<0.05) when
compared to control group. Histopathological study of liver
(Figure 3) show no changes or significant structural damage
which supports biochemical analysis results for liver
enzymes. Despite the lowering effect of creatinine level, it is
not toxicological and wunlikely to indicate kidney
dysfunction. The reading (60.67 + 11.19) still falls within
normal range (normal range: 35.2-123.2 umol/L) (Suckow et
al., 2019). Lower serum creatinine level given it is still
within normal range indicates healthy kidneys (Hu et al.,
2019). Furthermore, there are no changes in kidneys weight
and normal structural evidence was observed in
histopathological examinations (Figure 3). High creatinine

level always related with renal damage/ dysfunction

VI. REFERENCES

(Samejima et al., 2019). Whereas for lipid profile (Table 3),
there are some reducing effects of TC at dose 1000 and 1500
mg/kg bw. This can be explained with the existence of
polyunsaturated fatty acids (PUFAs), tocopherols and
phytosterol content in KSO-SFE which possessed cholesterol
lowering ability (Cheng et al., 2016).

IV. CONCLUSION

In conclusion, based on the present 9o-day subchronic
toxicity study, a few changes in biochemical analysis are not
toxicological importance since they were within the limit of
biological = deviation and not associated  with
histopathological changes. The no observed adverse effect
levels (NOAEL) under the condition of this study were
parallels to the maximum dose level which is 1500 mg/kg
bw/day. Further investigation on genotoxicity and clinical
study should be done to provide more concrete scientific

evidence to support KSO-SFE as a safer and healthier oil.
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