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ABSTRACT

Background: Indian Costus extract used as traditional herbal therapy for various
diseases. Ingestion of thermally oxidized palm oil causes oxidative stress leading to multiple
health problems such as hypertension, dyslipidemia, atherosclerosis, as well as kidneys and
liver abnormality. Aim: To investigate the toxic effects of thermally oxidized palm oil on the
liver, kidneys, heart and lung of Albino rats and to evaluate the role of Indian costus in
improving these effects. Methods: Forty adult healthy male albino rats equally assigned into
four groups and gavaged by a single daily dose for 45 days as follows group I (control group)
gavaged by distilled water, group Il gavaged by 80 mg/kg of Indian costus extract, group IlI
gavaged by one-tenth LD50 of thermally oxidized palm oil (LD50 equal 18 gm/kg) and group
IV gavaged as group Il in addition to 80 mg/kg of Indian costus extract. Serum was collected
for biochemical analyses for liver, kidney function tests, lipid profile, malondialdehyde
(MDA) and total antioxidant capacity. Also, histological examination for livers, kidneys,
heart, and lung from sacrificed rats of all groups were performed. Results: A significant
increase in total cholesterol, triacylglycerol, low-density lipoprotein, alanine aminotransferase
and aspartate aminotransferase in group Il compared to group | but group IV had
significantly lower levels of theses parameters than group Ill. The highest levels of MDA
were in group 1l followed by group IV and the lowest levels were in group Il. There was
significant lower mean level of MDA in group IV than group Il (7.31+0.60 vs 8.25+1.01;
respectively). There were significant higher prevalence of steatosis, congestion, and hepatitis
in the liver of group Il than group IV (p=0.004, 0.014 and 0.012; respectively). Also, there
was a significant higher prevalence of atheroma in the heart, moderate and severe interstitial
inflammation, and granuloma around cholesterol crystal in the lung, cloudy swelling, and
congestion in the kidneys of group Il than group IV.

Conclusion: Thermally oxidized palm oil had a deleterious effect on liver, kidney, lung
and heart ultrastructure, induces hyperlipidemia and oxidative stress. The extract of Indian
costus had a potential protective effect against these effects.
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INTRODUCTION

Palm oil is the most widely produced
edible vegetable oil in the world. It is
obtained from the reddish pulp of the fruit
of the oil palm tree. It is naturally reddish
in color due to its high content of beta-
carotene (Nwalieji and Ojike, 2018).
Crude palm oil is the richest source of
carotenoids. Also, palm oil is rich with
saturated fatty acids as palmitic acid and
contains small proportions of unsaturated
fatty acids as oleic and linoleic acids
(Mukherjee and Mitra, 2009).

In Egypt, palm oil is widely used in
food industry as cheese making, bakery
products and many industries
(Chandrasekharan et al., 2000). Also, the
use of thermally oxidized palm oil has
been a usual practice in homes due to its
economic advantages over other oils/fats
and to increase its palatability (Ismail,
2005). Ingestion of thermally oxidized
palm oil has been reported to cause various
functional and structural alterations
(Falade et al., 2015). These potentially
toxic effects result from peroxidation of
polysaturated fatty acids (Obeten et al.,
2014).

Saussurea costus, Synonymous as
Saussurea lappa Clarke (Parmar et al.,
2012) belong to the genus Asteraceae
(Singh et al., 2017) and commonly known
as Indian costus (Gwari et al., 2013) or
Kuth root (Amara et al., 2017). It was
used as a medicinal plant for the treatment
of wvarious ailments as  asthma,
inflammatory diseases, ulcer and stomach
problems (Pandey et al., 2007). Moreover,
costus has been mentioned in Prophet's
medicine for treatment of many diseases
(AL-Kattan, 2013) and was used in
modern medicine (Amara et al., 2017).

The Saussurea (costus) is one of the
antioxidant-rich medicinal plants (Saleem
et al.,, 2013). The major components are
sesquiterpene lactones such as costunolide
and dehydrocostus lactone. It has various
biological activities such as, anti-
inflammatory, immune-modulator, hypo-
glycemic, anti-hepatotoxic, hypolipidemic,

antiparasitic, antiviral and anticancer
activities (Zahara et al 2014; Amara et al
2017).

The present study was carried out to
investigate the toxic effects of thermally
oxidized palm oil on the liver, kidneys,
heart and lung of Albino rats and to
evaluate the role of Indian costus in
improving  these  effects  through
biochemical and histological evaluation.

MATERIALS AND METHODS
I: Materials:

e Raw Malaysian palm oil (2 L) was
purchased from Integrated Suez Company
for Oils. One portion was oxidized by
subjecting it to heating in a stainless steel
frypan for 20 min at 180 °C. (Falade et al
(2015).

e The dry roots of Saussurea costus
were purchased from local herbal market
in Cairo. It is identified as Saussurea
costus in faculty of pharmacy - Menoufia
University

e Plant Processing and Extraction:
The powder root of Costus afer (500 g)
was soaked in 2500 ml of ethanol (70%)
for 72 h. The extract was filtered using
Watman No. 1 filter paper and
subsequently concentrated at 45°C using a
rotary evaporator and stored at 4°C (R)
(Tonkiri et al 2015). Ethanolic extract of
S. lappa was studied at a dose range of 50-
200 mg/kg, for the acute and chronic
inflammation induced in rats (Zahara et al
2014). Aqueous extract at a dose 50 mg/kg
body weight was tested in rats (Abd
Eldaim et al 2019).

II: Methods: Forty adult healthy male
albino rats weighing 125-150 gm body
weight were included in this study from
the 5th September to the 20th of October
2018. The rats were acclimatized for one
week then they were randomly allocated
into 4 groups, 10 animals in each group
and was gavaged by; a single daily dose of
distilled water in group (control group);
Indian costus extract (therapeutic 80
mg/kg) in group IlI; a single daily dose of
one-tenth LD50 (LD50 equal 18 gm/kg)
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(Bassan et al 2012) of thermally oxidized
palm oil in group Il and a single daily
dose of 80 mg/kg Indian costus extract
and one-tenth LD50 (LD50 equal 18
gm/kg) of thermally oxidized palm oil in
group 1V. All animals received the above
doses daily for 45 days. The study applied
the double-blind technique for both the
administrator of animal feed and materials
and the investigators of biochemical and
histopathological examinations.
Biochemical assessment

On the forty-six day of the
experiment, blood samples were collected
from the orbital plexus of veins of all rats
of the studied groups. Serum was separated
by centrifugation at 3000 rpm for 15 min
and was stored at -20 °C till the time of
assay.

-Total lipids were measured by
spectrophotometry using Reactivos GPL
kid from Chemelex, Barcelona, Spain.
(Young, 2001).

-Determination of Serum  Total
Cholesterol, triacylglycerols, high density
lipoproteins were determined by enzymatic
colorimetric test, using kits supplied by
SPINREACT, Spain. LDLc was calculated
according to the formula (Rifai et al.,
2006).

-Lipid peroxide (Malondialdehyde)
and total antioxidant capacity (TAC) were
assessed by  Colorimetric  method
(Biodiagnostic, Egypt) (Ohkawa et al.,
1979; koracevic et al., 2001).

-Assay of serum alanine
aminotransferase  (ALT) and serum
aspartate aminotransferase (AST) was
done using kinetic UV method, the
concentration was calculated using A
absorbance/minute with factor which was
1746 at 37 °C (Henderson and Moss,
2001).

- Measurement of serum albumin was
done using modified bromocresol green
colorimetric method. The concentration
was determined by measuring the
absorbance at 630 nm and comparison with
the absorbance of the standard solution
(Doumas et al., 1971).

- Assay of alkaline phosphatase
enynzyme activity was done Dby
spectrophotometry, Kinetic assay using a
kit from Biomed, Egypt (Scherwin,
2003).

- Urea was determined by Berthelot
enzymatic colorimetric method. Using
urease to hydrolyse urea into ammonia and
carbon dioxid. The concentration was
determined by measuring the absorbance at
572 nm (Kaplan, 1984).

- Creatinine  was  determined
spectrophotometrically by the Kkinetic
method (Diamond). The absorbance was
read at 30 seconds and 2 minutes later.
Creatinine concentration was calculated
using standard concentration which is 2
mg/dl (Henry, 1974).

- B2 microglobulin were determinated
by competitive chemiluminescence method
using a kid provided from Diasorin, Italy
using Liaison analyzer Italy (Turbat-
Herrera, 1994).

- Creatine kinase (CK) was
determined spectrophotometrically, kinetic
assay, UV method using a kid from
Biomed, Egypt (Young, 2001).

- Assay of serum lactate
dehydrogenase (LDH) was determined
spectrophotometrically,  kinetic  assay,
using a kid from Biomed, Egypt. (Pesce,
1984)

Histopathological evaluation:

Animal painless procedures were
conducted with appropriate sedation to
avoid pain and stress under general
inhalation of ether anesthesia. Collected
livers, Kidneys, heart, and lung from
sacrificed albino rats of all groups were
prepared for histological examination by
fixation in 10% formalin and kept in the
fixative overnight. Then, they were
dehydrated in an ascending grade of
alcohol (70%, 80%, 95% and 100%
ethanol for 1 h for each concentration),
cleared in xylene and embedded in paraffin
wax. Serial sections of 5 mm thickness
were obtained using a rotatory microtome.
The deparaffinized sections were stained
routinely with hematoxylin and eosin

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 20 (3), September 2020.



Hegazy et al.

26

reagent. ~ Photomicrographs  of  the
specimens were obtained using digital
research photographic microscope
(Ramos-Vara et al., 2017).

-Biopsy specimens from the 4 groups
were collected then paraffin blocks were
prepared and haematoxylin and eosin
slides were evaluated by histopatholoical
examination as follow:

Liver specimens were evaluated for:

1) Congestion: according to degree of
venous and sinusoidal congestion, cases
were evaluated into mild, moderate and
severely congested.

2) Steatosis: was assessed by
NAFLD activity Score (NAS) according to
percent of hepatocytes containing fat
droplets , cases were evaluated into :

S0:>< 5%

3) S1. Mild steatosis--—>5-33% of
hepatocytes

S2: Moderate steatosis---—>34-66%

S3: Sever steatosis--—>> 66% (Kleiner
et al., 2005).

4) Hepatitis: degree of activity and
degree of liver cell injury (grading of
hepatitis) were evaluated by using Ishak
scoring system and cases were divided into
mild, moderate and sever hepatitis (Brunt,
2000).

Kidney specimens were evaluated for:
Presence or absence of any pathologic
abnormalities including cloudy swelling of
tubules, congestion of renal vessels and
thickening of renal vessels (close and
phrase).

Heart specimens were evaluated for:

1-Degree of congestion of cardiac
blood vessels

2- Presence or absence of atheroma
changes in the wall of cardiac vasculature.

Lung specimens were evaluated for:

Presence or absence of

1-Chronic interstitial inflammation:
graded according to its severity into mild,
moderate and sever.

2-Granuloma around cholesterol
crystals

The use of experimental animals was
prospectively approved by the Ethical
Committee, Faculty of  Medicine,
Menoufia University.

Statistical analysis:

Data was statistically analyzed by
SPSS Version 20 software (SPSS,
Chicago, IL, USA) on an IBM compatible
computer. Mean, standard deviation (SD),
number and percent were described. One
way analysis of variance (ANOVA) test
was applied for comparison between the
studied groups regarding the quantitative
variables followed by (LSD) post hoc test.
A P-value <0.05 was considered
statistically significant.

RESULTS

There were significant differences
between the studied groups regarding the
mean levels of all lipid profile parameters
(p<0.001). The highest levels of lipid
profile parameters were in group 1l
followed by group IV and the lowest levels
were in group Il. Group IV had significant
lower mean values of total lipid,
cholesterol, TG and LDL than group Il
(p= 0.001, 0.018, <0.001, <0.001 and
0.013; respectively) while HDL levels
were significantly higher in group IV than
group Il (p6= 0.013) as shown in Table 1
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Table (1: Comparison between the studied groups regarding lipid profile.

Lipid profile Groups Mean+SD p-value
Total lipid Group | 633.40+£91.22 <0.001
(mg/dl) Group 11 559.60+54.74 P1:0.023
Group Il1 957.00+36.06 P2:<0.001
Group IV 872.30+34.57 P3:<0.001
P4:<0.001
P5:<0.001
P6:0.001
Cholesterol Group | 140.70+7.72 <0.001
(mg/dl) Group 1l 117.50+9.34 P1:0.018
Group Il1 244.60+38.85 P2:<0.001
Group IV 200.10+8.12 P3:<0.001
P4:<0.001
P5:<0.001
P6:<0.001
TG (mg/dl) Group | 107.80+10.76 <0.001
Group Il 87.20+7.32 P1:<0.001
Group Il1 164.50+6.47 P2:<0.001
Group IV 151.10+£6.74 P3:<0.001
P4:<0.001
P5:<0.001
P6:<0.001
HDL Group | 56.60+4.40 <0.001
Group Il 63.90£3.67 P1:0.003
Group 11l 26.50+4.97 P2:<0.001
Group IV 30.60+3.60 P3:<0.001
P4:<0.001
P5:<0.001
P6:0.013
LDL (mg/dl) Group | 105.90+11.95 <0.001
Group Il 87.80+7.89 P1:0.003
Group 111 164.6045.93 P2:<0.001
Group IV 153.2045.22 P3:<0.001
P4:<0.001
P5:<0.001
P6:0.013

P1: group | vs group Il

P3: group | vs group

[\

P5: group Il vs group IV

P2: group | vs group Il

P4: group Il vs group

P6: group Il vs group IV
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The studied groups had significant
differences regarding the mean levels of
MDA and TAC (p<0.001). The highest
levels of MDA were in group I11 followed
by group 1V and the lowest levels were in
group Il. There was significant lower mean
level of MDA in group IV than group Il1
(7.31+0.60 vs 8.25+1.01, p6=0.008) On

the other hand, the highest levels of TAC
were in group Il followed by group I and
the lowest levels were in group Ill. There
was a significant higher mean level of
TAC in group IV than group I11 (0.58+0.14
vs 0.42+0.11, p6=0.025) as shown in
Table 2.

Table (2): Comparison between the studied groups regarding MDA and TAC levels.

Variables Groups Mean+SD p-value
MDA (mmol/L) | Group | 4.14+0.98 <0.001
Group Il 2.56+0.89 P1:0.001
Group I11 8.25+1.01 P2:<0.001
Group IV 7.31+£0.60 P3:<0.001
P4:<0.001
P5:<0.001
P6:0.008
TAC (mmol/L) | Group | 0.93+0.44 <0.001
Group Il 1.81+0.40 P1:0.001
Group Il1 0.42+0.11 P2:<0.001
Group IV 0.58+0.14 P3:<0.001
P4:<0.001
P5:<0.001
P6:0.023

P1: group | vs group Il
v

P3: group | vs group

P5: group Il vs group IV

P2: group | vs group IIl | P4: group Il vs group

P6: group Il vs group
[\

All liver function tests (ALT, AST,
albumin, and alkaline phosphatase)
showed no significant difference between
group | and group Il (p1 > 0.05). There
were significant higher mean levels of
ALT and AST in group Ill and in group 1V
than group | (p2 and p3= <0.001). Also,
there were significant lower mean levels of

ALT and AST in group 1V than group Il
(p6=0.002 and <0.001; respectively).
There were no significant differences in
the mean levels of albumin or alkaline
phosphatase between the studied groups
(p=0.187 and 0.942; respectively) as
shown in Table 3

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 20 (3), September 2020.



Hegazy et al.

29

Table (3):

Comparison between the studied groups regarding liver function tests.

Variables Groups Mean+SD p-value
ALT Group | 29.10+7.23 <0.001
Group Il 25.40+6.04 P1:0.330
Group Il 61.40+10.01 P2:<0.001
Group IV 51.50+7.01 P3:<0.001
P4:<0.001
P5:<0.001
P6:0.002
AST Group | 25.30+4.32 <0.001
Group Il 21.00+5.50 P1:0.102
Group Il1 57.3045.03 P2:<0.001
Group IV 49.20+4.42 P3:<0.001
P4:<0.001
P5:<0.001
P6:<0.001
Albumin Group | 4.13+0.53 0.187
Group Il 8.46+12.15 P1:0.116
Group Il1 3.21+0.53 P2:0.734
Group IV 3.3510.42 P3:0.809
P4:0.058
P5:0.066
P6:0.915
Alkaline Group | 286.30+£74.12 0.942
phosphatase Group 1l 307.30£72.70 P1:0.577
Group IlI 305.40+86.83 P2:0.612
Group IV 290.20+96.52 P3:0.729
P4:0.960
P5:0.821
P6:0.862

P1: group | vs group Il

P3: group | vs group

v

P5: group Il vs group IV

P2: group | vs group Il

P4: group Il vs group

P6: group Il vs group

v

The studied groups had no significant

differences in the mean levels of urea,

creatinine or B2 microglobulin (p=0.946,
0.806 and 0.823; respectively) as shown in
Table 4.
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Table (4): Comparison between the studied groups regarding kidney function tests.

Variables Groups Mean+ SD p- value
Urea Group | 26.40+7.83 0.964
Group 1l 26.20+7.33 P1:0.948
Group IlI 28.90+6.49 P2:0.871
Group IV 25.90+5.93 P3:0.971
P4:0.820
P5:0.971
P6:0.788
Creatinine Group | 0.60+0.18 0.806
Group 1l 0.62+0.20 P1:0.817
Group Il1 0.64+0.20 P2:0.644
Group IV 0.62+0.19 P3:0.667
P4:0.817
P5:0.846
P6:0.966
B2 Group | 1440.50+409.99 | 0.823
microglobulin Group Il 1329.20+364.01 | P1:0.513
Group Il1 1333.10+425.88 | P2:0.528
Group IV 1436.60 +316.51 | P3:0.974
P4:0.982
P5:0.483
P6:0.479

The mean levels of CK-MB or LDH didn't
significantly changed between the studied

Table (5): Comparison between the studied groups regarding CKMB and LDH.

groups (p=0.934 and 0.708; respectively)
as shown in Table 5

Variables Groups Mean£SD p- value
CKMB Group | 14.40+4.22 0.934

Group Il 15.40+3.78 P1:0.604

Group IlI 14.30+4.47 P2.0.959

Group IV 14.60+4.67 P3:0.787

P4:0.568

P5:0.794

P6:0.746
LDH Group | 241.30+54.28 0.708

Group Il 215.10+47.40 P1:0.533

Group Il 235.40+125.50 P2:0.888

Group IV 202.10+£120.35 P3:0.299

P4:0.629

P5:0.685

P6:0.369

Table 6 showed a significant higher
prevalence of steatosis, congestion, and
hepatitis in the liver of group Ill than
group IV (p=0.004, 0.014 and 0.012;
respectively) photomicrograph (1a), (1b)
and (1c). Cloudy swelling and congestion
were significantly more prevalent in the

kidneys of group IlIl than group IV;
photomicrograph (2a) and (2b) Also, there
were significant higher prevalence of
atheroma in the heart of group Il than
group IV (70% vs zero, p=0.003);
photomicrograph (3a), (3b) and (3c). As
regards histopathological changes in the
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lung, group 111 showed a significant higher (30% and 60% vs 10% and 10%;
prevalence of moderate and severe respectively), p=0.006; photomicrograph
interstitial inflammation and granuloma (4a) and (4b).

around cholesterol crystal than group 1V

Table (6): Comparison between group Il and group IV regarding histopathological changes

of the studied organs.

Histopathological changes Group Il | Group IV a p-value
(n=10) (n=10)
No (%) No (%)
Liver
Steatosis:
Negative 0 5 (50.0) 11.11 0.004
Mild 2 (20.0) 4 (40.0)
moderate 8 (80.0) 1 (10.0)
Congestion:
Negative 0 6(60.0) 8.60 0.014
Mild 7 (70.0) 3(30.0)
moderate 3(30.0) 1 (10.0)
Hepatitis: 10.90 0.012
Negative 0 6 (60.0)
Mild 1(10.0) 2 (30.0)
moderate 3(30.0) 1 (10.0)
severe 6 (60.0) 1 (10.0)
Heart
No changes 0 5 (50.0) 14.00 0.003
Mild congestion 3(30.0) 3(30.0)
Cholesterol crystal 0 2 (20.0)
atheroma 7 (70.0) 0
Lung
No changes 0 5(50.0) 10.57 0.014
Mild interstitial infiltration 1(10.0) 3(30.0)
Moderate interstitial 3(30.0) 1(10.0)
infiltration+ granuloma around
cholesterol crystals
Severe interstitial infiltration+ | 6(60.0) 1(10.0)
granuloma around cholesterol
crystals
Kidney
No changes 0 6(60.0) 14.33 0.006
Mild congestion 0 2(20.0)
Moderate congestion 2(20.0) 1(10.0)
Marked congestion 3(30.0) 1(10.0)
Cloudy swelling 5(50.0) 0

P1: group | vs group Il

P3: group | vs group IV

P5: group Il vs group IV

P2: group | vs group Il

P4: group Il vs group
Il

P6: group Il vs group
v
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Photomicrograph (1a) Group Ill: | Photomicrograph (1b): group IlI:
Section of liver tissue showing marked | Section of liver tissue showing moderate
congestion of central veins and portal | steatosis of hepatocytes and mild
tracts [yellow arrow]. The surrounding | infiltration  of  portal tract by
hepatic  lobules showed moderate | inflammatory cells [arrow] (H&Ex100)
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Photomicrograph (1c) Group 1V: Section
with centrally oriented central veins surrounded by cords of hepatocytes. Some of
hepatocytes showed cytoplasmic fat vacuoles (H&Ex40)
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of Kkidney tissue showing mild cloudy | of kidney tissue showing no change of
swelling of renal tubules (H&Ex40) renal tubules (H&Ex40)
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Photomicrograph (3a) group IlI: Section | Photomicrograph  (3b) group IV:
of cardiac tissue showing sever subintimal | Section of cardiac tissue showing mild
deposition of cholesterol crystal and | subintimal deposition of cholesterol
fibrosis{circle} affecting large cardiac | crystal and fibrosis{circle} affecting

vessels. (H&Ex100) large cardiac vessels. (H&Ex100)

Photomicrogr c) opIV Section of cardiac tissue showmg no changes of
cardiac muscles and cardiac vessels. (H&Ex100)
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granulomatous reaction showing giant
cells {arrow} and chronic inflammatory

Photomicrograph (4a) group Il1: Section | Photomicrograph (4b), Group IV:
of lung tissue showing interstitial | Section of lung tissue showing moderate
inflammation and multiple | infiltration of interstitium by chronic

inflammatory cells with
granulomatous reaction (H&Ex100)

no

cells (H&Ex100)

DISCUSSION

The present study aimed to investigate
the biochemical and pathological toxic
effects of thermally oxidized palm oil on
albino rats and the potential protective role
of Indian Costus against these effects. The
study revealed significant elevations of
lipid profile indices with lowered levels of
HDL in group Il that was fed with
thermally oxidized palm oil than the
control group |. These parameters were
significantly improved when Indian Costus
was (given with thermally oxidized palm
oil) given to the animals in group IV. In
addition, the levels of cholesterol, TG,
LDL and total lipid were significantly
lowered in group Il that was given with
Indian Costus than group I. These findings
might suggest the protective effects of
Indian Costus against hyperlipidemia.

Previous studies had also documented
that intake of heated palm oil increased
low-density  lipoprotein  (LDL) and
cholesterol levels (Jaarin et al., 2006;
Falade et al., 2015). The decline in TAC,
LDL, HDL and TG levels in Albino rats
treated with Indian Costus in this study

agreed with the findings of Bavarva and
Narasimhacharya (2008). Also, the use of
20 mg/kg body weight of costunolide
(hypolipidemic drug isolated from Costus
speciosus) in diabetic rats, significantly
decreased the plasma levels of total
cholesterol, TG, and LDL (Eliza et al.,
2009). The hypocholesterolemic effect of
Costus speciosus rhizomes might be due to
the presence of phytochemicals especially
flavonoids and other phenolic compounds
(Jha et al., 2010), which have been
reported as scavengers of free radicals.

The  significant  elevation in
Malondialdehyde (MDA) levels a marker
for lipid peroxidation and lowered TAC
(total antioxidant capacity)levels in
thermally oxidized palm oil treated groups
compared to the control group in our study
may suggest that thermal oxidation of palm
oil might increase free radical formation
which is in agreement with a study of
Adam et al. (2008). Moreover, increasing
heating times was associated with a
significant increase in the MDA content of
the oil (in animal not in oil) due to the
breakdown of peroxides to carbonyl and
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aldehyde compounds such as
malondialdehyde (Serjouie et al., 2010).
Although lipid peroxidation may be
prevented initially by antioxidants such as
vitamin E in palm oil, but the repeated
heating also destroys vitamin E content
(Adam et al.,, 2007). Malondialdehyde
(MDA) causes endothelial damage,
vascular inflammation and cell membrane
injury (Adam et al., 2009). MDA levels
were significantly decreased when Indian
Costus was (given with) added to
thermally oxidized palm oil. A study
conducted by Kotebagilu et al. (2014)
reported that medicinal plants such
as Costus  speciosus have antioxidant
potency and the ability to inhibit oxidation
in red blood cells and microsomes due to
its content of flavonoid and polyphenol.

Liver enzymes (ALT and AST) were
significantly elevated in group Il that was
gavaged with thermally oxidized palm oil
and these findings were associated with
pathological changes in the liver such as
steatosis, congestion and hepatitis. These
results might be due to excessive storage
of lipids in the liver that leads to liver
damage. Our findings agreed with Falade
et al. (2015) who revealed that there was a
significant increase in the activities of
ALT, AST of the thermally oxidized palm
oil group when compared with the control.
Moreover, Chatuphonprasert et al.
(2019) found that, the hepatic tissues of
mice that consumed reused palm oil for 36
weeks showed much more damage and the
hepatocytes had become swollen with
extensive  fat  droplet accumulation,
hepatocyte  degeneration, damage to
sinusoid structure, and loss of hepatic
architectural integrity.

Indian  Costus  improve  both
biochemical and the histopathological
changes in the present study when
indicated with thermally oxidized palm oil
in group 1V. Treatment of the
hypercholesterolemic mice with agueous
extract of Indian Costus caused reduction
in the activity of liver enzymes was

reported by previous studies (Eliza et al.,
2009; Saad et al., 2018).

Cloudy swelling of renal tubules with
moderate to marked congestion was
observed in the kidney with thermally
oxidized palm oil in this study. This
indicates that renal hypoxia could arise
secondary to lipid peroxidation with
subsequent atherosclerosis. These
pathological changes weren't associated
with  significant changes in serum
creatinine or B2 microglobulin levels;
these effects might be changed with
prolonged use. Similarly, Jaarin et al.
(2016) found that the use of heated palm
oil in rats causes tubular congestion and
inflammation and these histological
changes were not accompanied by an
increase in serum creatinine level. Palm
oil, being a mono-saturated oil may have
less detrimental effects on the kidney
compared to unsaturated fat or oil. In
contrast, Ani et al. (2015) reported that the
use of heated palm oil for 6 months
increases serum creatinine levels in rabbit
compared to the respective baseline
readings and had detrimental nephrotoxic
effects. The difference of these results
from our results could be explained using
rabbits and the more time of the study.

Uboh et al. (2014), reported that
Costus afer leaves' juice on nitrocellular
thinner nephrotoxicity in rats due to
inhibition of lipid peroxidation and radical
scavenging due to its phytoconstituents
such as flavonoids, alkaloids, saponins,
phenols, terpenoids, tannins, and cardiac
glycosides and this might explain the
ameliorated effect of Indian Costus on
renal pathology in the present study.

The pathological changes of thermally
oxidized palm oil in this study on the heart
included congestion, cholesterol crystal
and atheroma. Also, the cardiotoxic effect
of thermally oxidized palm oil including
vascular inflammation and dysfunction
was revealed by Ng et al. (2012). These
changes could be due to hyperlipidemia in
addition to the oxidative stress. Therefore,
the addition of Indian Cosuts in group IV
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improved the pathological changes induced
by the oxidized palm oil. The vascular
protective effects of antioxidants were
demonstrated in several studies (de Souza
et al. 2010), wvascular inflammation
(Mukai and Sato 2011) and improvement
in endothelial function (Widmer et al.
2013).

These were no significant elevation in
CK-MB or LHD enzymes that released
from the damaged myocardium (Penttild
et al. 2000) in the present study. This
might be explained by the instability of
theses enzymes in plasma after their
release from damaged tissues (Al-Hadi et
al. 2009).

Interstitial pneumonitis with
granuloma around cholesterol crystals
were detected in lung pathology associated
with thermally oxidized oil. Intra-alveolar
cholesterol granulomas result from the
accumulation of endogenous cholesterol
esters in the alveolar and interstitial spaces
with lymphocytic infiltrations and alveolar
wall-thickening (Zhang et al. 2016).

CONCLUSION

These findings suggest that thermally
oxidized palm oil had a deleterious effect
on liver, Kkidney, Ilung and heart
ultrastructure, induces hyperlipidemia and
oxidative stress. The aqueous extract of
Indian costus had a potential protective
effect against these effects.

RECOMMENDATION

e Cooking with and/or consumption
of repeatedly heated palm oil should be
discouraged in our homes as this might
have deleterious effects on human health.

e The aqueous extract of Indian
Costus could be used as hypolipedemic
and antioxidant therapeutics.

e More wide scales researches on the
protective role of Indian Costus on the
harmful effects of thermally oxidized palm
oil for longer duration and using different
doses were recommended.
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