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ABSTRACT

Oxidative stress is related to several metabolic diseases, including hyperlipidemia. Previous studies have
shown the antioxidant properties of Zingiber cassumunar rhizomes and Guazuma ulmifolia leaves. The objec-
tive of this study was to see how Z. cassumunar thizomes, G. ulmifolia leaves extracts, and their combinations
affect antihyperlipidemic and hepatoprotective activity in a high-fat diet-fed (HFD) rat. The water extract of
Z. cassumunar thizomes and G. ulmifolia leaves was evaporated in a freeze dryer to produce dry extracts. The
Wistar rats were assigned into six groups at random: normal, positive, negative, Z. cassumunar rhizome extract
at 400 mg/kg BW (ZC), G. ulmifolia leaf extract at 50 mg/kg BW (GU), and the combination of Z. cassumunar
rhizome extract and G. ulmifolia leaf extract at (350+50) mg/kg BW (ZC+GU). The rats were fed HFD for
28 days, and the treatment groups also received the extracts for the last 14 days. The study revealed that ZC,
GU, and ZC+GU significantly (p < 0.05) reduced the levels of cholesterol and triglyceride when compared to
the negative control. These treatments also showed a hepatoprotective effect by reducing the serum glutamic
pyruvate transaminase (SGPT) and histopathological observation. The conclusion of the study showed that
ZC, GU, and ZC+GU play an essential role in their antihyperlipidemic and hepatoprotective activities.

Keywords: antihyperlipidemic, extract, hepatoprotective, high fat diet, Guazuma ulmifolia, Zingiber cassu-
munar

INTRODUCTION
Excess blood lipids, such as cholesterol, triglycerides, signs to hyperlipidemia (Karam et al., 2017). Non-

low-density lipoprotein (LDL), and low concentra- -HDL cholesterol and the ratio of total cholesterol
tion of high-density lipoprotein (HDL), are important  to HDL cholesterol are both good predictors of future
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cardiovascular events (McLaughlin et al., 2017).
Atheroscelrotic cardiovascular disease (ASCVD),
the leading cause of death, is caused by the buildup
of plaque in the arteries (Khera et al., 2017). Athero-
sclerosis, a cardiovascular disease risk factor, could be
caused by elevated levels of lipid in the blood (Nelson,
2013). LDL accumulation in the blood vessels due
to a high-fat diet causes the modification of LDL to
oxidized-LDL (Ox-LDL), resulting in oxidative stress
(Amiya, 2016). Lipid peroxidation, protein oxidation,
and DNA alterations are among the potential side ef-
fects of oxidative stress (Chen et al., 2012).

An elevated concentration of free fatty acids (FFA)
leads to FFA transport and accumulation in the liver
organ. The liver may get damaged as a result of accu-
mulated fat. A previous study reported that a high-fat
diet caused non-alcoholic fatty liver disease (Lian et
al., 2020). Hepatic transaminases (SGPT and SGOT)
that are held in the hepatocytes are released during
liver injury and cause high levels in the blood (Zacha-
riah et al., 2017). An increase in serum levels of the
enzymes glutamic oxaloacetic transaminase (SGOT)
and glutamic pyruvic transaminase (SGPT) indicates
liver damage.

Zingiber cassumunar thizomes and Guazuma ulmi-
folia leaves have been widely studied for their antioxi-
dant potentials. The in vitro studies of Z. cassumunar
showed strong antioxidant activity using 2,2-Diphenyl-
-1-picrylhydazyl (DPPH) method with high content of
polyphenolic compounds (Bua-In et al., 2009; Joram
et al., 2018). The in vivo study reported an increase in
antioxidant activity of hyperlipidemic rats treated by
Z. cassumunar rhizomes extract at 200 and 400 mg/kg
BW. Following treatment, the superoxide dismutase
(SOD) activity was found to increase (Sari et al., 2020).
Z. cassumunar rhizome extract also exhibits immu-
nomodulatory activity by increasing the secretion of
reactive oxygen intermediate (ROI) (Nurkhasanah et
al., 2019). G. ulmifolia leaf extract also showed strong
antioxidant activity in vitro, using various methods
and showed the high content of flavonoids, phenolics,
and tannins which contribute to the antioxidant activ-
ity (Rafi et al., 2020; Silva et al., 2010). The in vivo
study of G. ulmifolia extract at a dose of 125 mg/kg
BW reduces lipid peroxide by increasing SOD activity
(Berenguer et al., 2007). The combination of Z. cassu-
munar and G.ulmifolia extract was carried out in the
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total dose of 400 mg/kg BW to observe the effect of
their combination in the same dose which previously
proved to have antioxidant activity.

The aim of the study was to demonstrate the anti-
hyperlipidemic and hepatoprotective of Z. cassumunar
rhizomes, G. ulmifolia leaves extract, and their com-
binations in the high fat-diet induced rat by observing
several parameters, including cholesterol, triglyceride,
SGOT, SGPT levels, and the liver histopathologic pro-
file. The combination of both extracts was expected to
give better results and benefits in inhibiting hyperlipi-
demia, liver damage, and oxidative stress. The high-fat
diet induction was reported to trigger hyperlipidemia
(Lasker et al., 2019), thus a high-fat diet rat was used
as a hyperlipidemia rat model.

MATERIAL AND METHODS

Study design

This experimental design of the study was posttest-
only control-group design. The effectivity of the sam-
ple was compared statistically with a negative control
group. And the effectivity of the high-fat diet model
used was compared to a normal group which was giv-
en with standard feed.

Plant material and extract preparations

The rhizomes and leaves of two plants, Zingiber cas-
sumunar and Guazuma ulmifolia, were obtained from
different locations in Indonesia. The plant materials
were verified by the Biology Laboratory of Ahmad
Dahlan, Yogyakarta, with identification number 239/
Lab.Bio/B/X2020. The rhizomes were rinsed with wa-
ter and chopped into pieces. The leaves were sorted
and washed. Both samples were dried at 50°C in an
oven (Sari et al., 2020) before being extracted using
a distilled water solvent with a ratio of 1:5 (w/v) in
a tiered pot for 30 minutes. The extract was concen-
trated after being evaporated in a vacuum rotary evap-
orator (Heidolph), followed by drying in a freeze dryer
(Biobase).

Animal

Thirty male Wistar rats weighing 150-250 g were used
for the experiment. The rats were eight weeks old and
were chosen to minimize hormonal impacts during
the study. The rats were housed in a room with good
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ventilation, a 12-hour light-dark circle, and regulated
humidity and temperature. All rats were acclimated to
the new habitat for seven days prior to treatment. The
study protocol was approved by the Research Ethics
Committee of Universitas Ahmad Dahlan with ap-
proval reference 012009049.

Material

The reagents used to detect cholesterol, triglycerides,
SGOT, and SGPT were obtained from Diasys®. All
other materials used for analysis were analytical-grade
and were purchased from E Merck.

Induction of hyperlipidemia in rats

The experimental rats were fed a high-fat diet (HFD)
for 28 days, except the normal group, which were giv-
en only standard feed. The HFD was made by mixing
300 g of standard pellet (BR II), 20 g of chicken egg
yolk, 100 g of butter, 10 g of beef fat, and 0.05 g of
propylthiouracil (PTU) (Sari et al., 2020). The mix-
ture was molded into pellets and dried. The rats were
fed 15 g of HFD per day with ad libitum access to
water. For the first 14 days, all groups received only
HFD. For the remaining 14 days, the treatment group
received HFD combined with the tested extracts. The
comparison of nutrient content of standard feed and
high-fat diet were presented in Table 1.

Table 1. The composition of nutrient in standard feed and
high fat diet feed

Composition per 100 g

Total
Type of feed . .
carbohy protein fat calorie
drate
BR II standard feed  60.5 19 4 354
High fat diet 43.37 17.09 51.30 455.44

Experimental design
Thirty rats were randomly divided into six groups of
five rats each. The groups were as follows:

Normal group
HFD group

which was given standard feed

which was given high-fat diet (HFD)
feed
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Positive control which was given HFD feed and Nu-
group triveBenecol, a cholesterol-lowering
beverage, at a dose 1.8 mL/200 g
body weight (BW) twice a day
which was given HFD feed and
Z. cassumunar thizome extract at
a dose of 400 mg/kg BW

which was given HFD feed and
G. ulmifolia leaf extract at a dose of
50 mg/kg BW

which was given HFD feed and
a combination of Z. cassumunar rhi-
zome extractand G. ulmifolia leaf ex-
tract at a dose of 350:50 mg/kg BW.

ZC group

GU group

ZC+GU group

The extracts were dissolved in 0.5% sodium CMC
and given orally using a probe to ensure the dose of
treatment was accepted by the test animal. The study
used NutriveBenecol as the positive control because
a previous study showed that it effectively reduced to-
tal cholesterol and LDL cholesterol in human subjects
with hypercholesterolemia after two weeks of treat-
ment (Lestiani et al., 2018). The bodyweight of the
rats was measured every week for 28 days. The blood
sample was taken from sinus orbitalis using a capillary
pipe. On day 29, the animals were euthanized using
carbon dioxide (CO,) (Canadian Council of Animal
Care, 2010) and dissected to collect the liver organ.

Measurement of cholesterol and triglyceride
levels

Cholesterol levels were determined using the CHOD-
-PAP (Cholesterol Oxidase-Peroxidase Aminoant-
pyrine) method using a Diasys® kit. Measurement
of triglycerides was carried out using the GPO-PAP
(Glycerol Phosphate Oxidase-Para Aminophenazone)
method using Diasys® reagent. The 10 uL of blood
serum and 1000 pL of reagent were thoroughly mixed.
After a 5 minutes incubation period at 37°C, the inten-
sity was measured using a Shimadzu UV-1900 spec-
trophotometer at 546 nm.

Measurement of SGPT and SGOT levels

Diasys® reagent was used to detect SGPT and SGOT
levels, and the procedure was as described in the man-
ufacturer’s instruction. First, 100 pL of serum was
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blended with 1000 pL of Reagent 1, which was then
incubated at 37°C for 5 minutes, and finally 250 pL
of Reagent 2 was added. The intensity of the mixture
was quantified at 365 nm four times every minute.
The effectivity of tested agents in liver protection was
compared with the negative control and presented as
a percentage of hepatoprotective effect (Mahfudh et
al., 2022).

Liver histopathology preparation

Following the dissection of the experimental ani-
mals, the liver organs were taken and cut into 1 x 1
x 1 em? size, fixed in 10% buffered formalin for 24
hours, and then put into a tissue cassette after the fixa-
tion was complete. The tissue cassette was inserted
for dehydrating/clearing and embedding into the tis-
sue processor. This study used paraffin blocks (for tis-
sue blocking) trimmed with a microtone into 5—6 pm.
Next, a set of microscope slides was stained with he-
matoxylin-eosin (HE). The dried preparations covered
with a cover glass were ready to be examined under
a light microscope with 100x magnification. The his-
topathological analysis was carried out from 3 animals
from each group. Each organ was sliced into 6 differ-
ent parts in each organ. The analysis was carried out
by expert independence analysis.

Statistical analysis

The data for total cholesterol, triglycerides, SGPT,
and SGOT activities were analyzed using analysis of
variance (ANOVA). The Least Significant Difference
(LSD) test was used to compare the treatment out-
comes between the groups, with a significance level
of 95%. The statistical analysis was performed using
SPSS software (version 22).

RESULTS

Effects of Z. cassumunar and G. ulmifolia extracts
on body weight

Table 1 shows the initial weight, final weight, and
weight gain in every week of the experimental ani-
mals. All tested rats gained body weight during the
experiment, but HFD induced rats experienced sig-
nificantly higher weight gain per week than normal
groups (p <0.05). After receiving treatments in the last
two weeks of the experiment, the groups receiving ZC,
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GU, ZC+GU, or NutriveBenecol showed a reduction
in weight gain, compared to the HFD group, which
was a negative control, although there is no signifi-
cance (p > 0.05).

Table 1. Effects of Zingiber cassumunar and Guazuma
ulmifolia extracts on weight gain caused by high-fat diets

G Foy Wt
Normal 185.08 +£22.17 193.48 +17.49 2.10+0.53
Positive ~ 178.14+9.94  199.82 £11.23 5.42 £2.55
control
HFD 175.80 £19.18 210.50 +18.33 8.68 £3.71°
zC 155.78 +5.64  178.33 £15.25 5.64 £2.83
GU 182.88 £18.62 203.42 +£27.15 5.14£2.72
ZC+GU 182.82+18.80 201.28£17.06 4.62 +2.88

b — significant change with the normal group (p < 0.05).

Effects of Z. cassumunar and G. ulmifolia extracts
on cholesterol and triglyceride levels

The present study showed that induction of hyper-
lipidemia with 28 days of HFD increases the level of
cholesterol and triglyceride significantly (p < 0.05),
compared to the normal group. Treatments with ZC

Fig. 1. Decreasing total cholesterol levels and triglyceride
after treatments with Z. cassumunar rhizome and G. ulmifo-
lia leaf extract in HFD-fed rats; data are presented as mean
+SEM; a— p < 0.05 compared to the negative control group;
b —p < 0.05 compared to the HFD group
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(400 mg/kg BW), GU (50 mg/kg BW), and ZC+GU
(350:50 mg/kg BW) were able to reduce the level of
cholesterol and triglyceride significantly (p < 0.05) in
HFD-fed rats. Treatment with ZC+GU (350:50 mg/kg
BW) was the most effective in lowering cholesterol
levels, while the best triglyceride-lowering agent was
ZC (400 mg/kg BW). This study only measured the to-
tal cholesterol and triglyceride, which could be a limi-
tation of the study.

Hepatoprotective effects of Z. cassumunar

and G. ulmifolia

The current study found that HFD-induced hyper-
lipidemia in Wistar rats increased SGPT levels sig-
nificantly (p < 0.05), but the increase of SGOT is not
significant (p > 0.05) (Fig. 2). The increasing level of
SGPT showed liver damage more specifically com-
pared to SGOT, since the majority of SGPT was
found in the liver, whereas SGOT could be found in
other organs (Zachariah et al., 2017). The treatment
with ZC (400 mg/kg BW) and ZC+GU (350+50 mg/
kg BW) can reduce SGPT and SGOT levels signifi-
cantly (p < 0.05), compared to the HFD group, indi-
cating the hepatoprotective potential of Z. cassumunar

Fig. 2. Effects of Z.cassumunar thizome and G. ulmifolia
leaf extract on SGPT and SGOT levels; data are presented as
mean +SEM; HFD = high-fat diet; positive control = HFD
+ NutriveBenecol; ZC = HFD + Z. cassumunar extract at
400 mg/kg BW in a day; GU = HFD + G. u/mifolia extract
at 50 mg/kg BW in a day; ZC + GU = HED + Z. cassumunar
and G. ulmifolia extract combination (350:50 mg/kg BW);
a— p < 0.05 compared to HFD group; b — p < 0.05, com-
pared to the normal control
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rhizome extract. The positive control (NutriveBenecol
at 1.8 mL/200 g BW) did not exhibit a hepatoprotec-
tive. The previous study of NutriveBenecol showed
a decrease in cholesterol and triglyceride in hypercho-
lesterolemic patients (Lestiani et al., 2018).

The hepatoprotective effect of the treatments was
compared with that of the negative control and pre-
sented as percentages (Table 2). The percentage of
hepatoprotective effect reflects the effectiveness level
of the treatment.

Table 2. Percentage of hepatoprotective effect of Zingiber
cassumunar and Guazuma ulmifolia extracts on high-fat
diet-fed rats

% hepatoprotection ac- % hepatoprotection ac-

Groups cording to SGPT cording to SGOT
Positive 21.38 25.65

zC 44.83 27.70

GU 34.49 5.41
ZC+GU 49.93 32.09

In the hepatoprotective effect test, ZC+GU had the
highest protection among the other groups, according
to SGPT and SGOT levels. The results showed that
combining Z. cassumunar and G. ulmifola extracts
could accentuate the effectivity of each extract in
protecting the liver against high-fat diet impacts. The
histopathological observations of the liver in HFD-fed
rats treated with ZC+GU are presented in Figure 3
(black arrow indicates fatty degeneration, blue arrow
points to necrosis).

The histopathological observation (Fig. 3) showed
droplets in some cells in the normal control group,
as evident from the presence of fat vacuoles (Brunt,
2007). Furthermore, an increasing number of droplets
was detected in the HFD group, potentially caused by
fatty degeneration. Treatment of ZC and GU extract
after HFD induction could reduce the number of drop-
lets compared to the HFD control group, indicating the
protective effect of ZC and GU in inhibiting fat accu-
mulation in the liver organ.
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DISCUSSION

Fig. 3. Histopathological description of the liver of test animals treated with a high-fat diet and
a combination of Z. cassumunar thizome and G. ulmifolia leaf extracts: (1) normal control;
(2) HFD control; (3) positive control; (4) treatment with Z. cassumunar rhizome extract; (5)
treatment with G. ulmifolia leaf extract; and (6) combination treatment with Z. cassumunar
rhizome and G. u/mifolia leaf extracts. Black arrows show fatty degeneration, while blue ones
indicate necrosis. The observation was carried out with 400x magnification.

oxidation, increasing reactive oxygen species (ROS)
levels (Sikder et al., 2018). Oxidative stress, which

Hyperlipidemia has been reported to contribute to the is caused by an imbalance between the production of

development
A high lipid
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of degenerative diseases (Nelson, 2013).  reactive oxygen species (ROS) and the body’s ability
level in the body enhances fatty acid to neutralize them, is thought to be a major cause of

www.food.actapol.net/



Mahfudh, N., Sulistyani, N., Kumalasari, I. D., Hilal, A. K., Refliandi, R., Othman, F., Zakaria, Z. A. (2024). Antihyperlipidemic and
hepatoprotective activity of extracts of Zingiber cassumunar rhizome, Guazuma ulmifolia leaves, and their combination in high-fat
diet-fed rats. Acta Sci. Pol. Technol. Aliment., 23(1), 39-47. https://doi.org/10.17306/).AFS.001142

chronic disease (Mehta and Mehta, 2018). There are
a number of ways to reduce ROS levels, including eat-
ing a healthy diet, exercising regularly, and avoiding
smoking (Kilic and Cetin, 2018). Dietary interventions
prove to be effective in decreasing cholesterol levels
in hypercholesterolemia patients (Barkas et al., 2020).

The results have found that HFD increases the body
weight of rats significantly (p < 0.05) (Table 1), which is
followed by increasing in a high lipid profile in the blood.
A high-fat diet has been shown to increase the expression
of HMG-CoA reductase in the liver organ and increase
cholesterol synthesis (Thomas et al., 2012). Treatment
with polyphenol-rich natural products is the quickest
way to reduce cholesterol levels. Another study also re-
ported that a high intake of fatty acid in HFD elevates
cholesterol levels in the blood and liver (Dewi, 2019).

Furthermore, treatments with Z. cassumunar, G. ulmi-
Jfolia extract, and their combination decreased the total
cholesterol and triglyceride level significantly (p < 0.05),
compared to the HFD control. However, the ZC+GU combi-
nation did not give a better result than the single extract. This
is because the combination affects the ability of each herb to
decrease the lipid profile. However, Sukandar et al. (2012)
reported that treatment with the G. ulmifolia at 25 mg/kg
BW and turmeric (Curcuma domestica) at 12.5 mg/kg BW
combination gives a better result compared to single ones.

G. ulmifolia contains high flavonoid and phenolic
levels (Duraiswamy et al., 2018; Rafi et al., 2020),
which are potentially responsible for its antioxidant
and antihypercholesterolemic properties. The phe-
nolic contents, including tannin, can lower cholesterol
levels because of their ability to form micelles dur-
ing the absorption process and their ability to reduce
the absorption of cholesterol in the small intestine (De
Jong et al., 2003; Acuff et al., 2007). Polyphenols can
help to reduce the absorption of cholesterol from the
gut, and they can also help to increase the excretion
of cholesterol from the body (Bedoya-Martinez and
Pineda-Hernandez, 2014; Cai and Yang, 2016). Fla-
vonoids suppress the formation of cholesterol in the
liver through the inhibition of HMG-CoA reductase
(Prahastuti et al., 2011) and ultimately prevent the ath-
erosclerosis (Lei and Yang, 2020). G. u/mifolia is also
rich in saponins, which can inhibit the activity of pan-
creatic lipase enzymes and, thus, reduce fat absorption
in the intestine (Han et al., 2000). Tannins are com-
pounds that can lower cholesterol levels by binding
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and shrinking proteins through reactions with mucosal
proteins and intestinal epithelial cells, inhibiting fat
absorption (Sakaganta and Sukohar, 2021).

The active compounds of Z. cassumunar rhizome
are phenylbutenoids, curcuminoids, and essential oils
(Han et al., 2021). Curcumins can increase the expres-
sion of cholesterol-7a-hydroxylase (CYP7A1), which
turns cholesterol into bile acids before being excreted
into the intestine (Han et al., 2021).

Excessive fatty acids in the blood and followed by
accumulation in liver cells is a prerequisite for fatty
degeneration (Dewi, 2019). The present study has also
found that HFD-induced hyperlipidemia leads to el-
evated SGPT levels (Fig. 2), which has been shown
in a previous study (Mahfudh et al., 2021). Besides
an increase in SGPT level, liver damage can also be
observed with liver histopathology (Fig. 3). The result
showed that many droplets in the liver hepatocytes in-
dicate fatty accumulation.

An imbalance between the liver’s triglyceride pro-
duction and secretion causes fatty liver, which is char-
acterized by fat accumulation in the hepatocytes of the
liver. Fatty droplets and necrosis were still found in
the group treated with Z. cassumunar rhizome extract.
The flavonoids contained in Z. cassumunar rhizome
may contribute to the inhibition of fat accumulation in
the liver. Curcumin, one of the chemical content found
in Z. cassumunar, plays an important role in hepato-
protective effect. The previous study showed the effec-
tiveness of curcumin in CCl4-induced hepatotoxicity
(Ebaid et al., 2021).

The liver histopathological profile of the group
treated with G. ulmifolia leaf extract showed a low
fatty degeneration. Meanwhile, the group receiving
the combination treatment experienced less cellular
damage compared to the negative control group.

CONCLUSION

The combination of Zingiber cassumunar rhizome and
Guazuma ulmifolia leaf extracts decreases the choles-
terol and triglyceride level by decreasing the total cho-
lesterol level in high-fat diet rats. This combination
also shows a hepatoprotective effect by reducing the
SGOT and SGPT levels in high-fat diet rats. This find-
ing suggests that the combination of two herbal medi-
cines gives the better pharmacological effect.
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