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The ovum oil of forest frog has various health
beneficial functions. In the current research, we eval-
uated the hypolipidemic effects of the low-cholesterol
ovum oil from the forest frog and its combination
with stigmasterol in rats.

The forest frog, Rana chensinensis, has been
consumed as a precious tonic food for years as it is
known to nourish the body and has many pharmaco-
logical effects (Bao et al., 2016). The ovum oil of R.
chensinensis (OORC) is rich in unsaturated fatty
acids (Jin et al., 2004) that can alleviate hyper-
lipidemia. Since forest frog oil (Hasma) is sold at high
prices, the other parts of the frog are treated as
by-products and often used to feed animals (Wang
et al., 2015). OORC is an important part of the forest
frog and is rich in proteins and unsaturated fatty acids
that can improve the immune system and delay se-
nescence (Ji et al., 2013). However, high intake of
cholesterol has long been linked with health problems
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(Yu et al., 2013). In the current study, we used
low-cholesterol OORC, which has reduced choles-
terol levels but high unsaturated fatty acid levels
(Zhang et al., 2019). As reported previously, plant
sterols, when sometimes consumed with other nutri-
ents, also effectively reduce fat absorption in the
intestine and decrease the levels of total blood lipids
and low-density lipoproteins with no negative effects
on the levels of high-density lipoproteins (Chen et al.,
2005). Therefore, we aimed to investigate the effects
of low-cholesterol OORC and its combination with
the phytosterol (stigmasterol) in improving lipid
profiles, which may provide a theoretical basis for
the development of functional foods that prevent
hyperlipidemia.

After five weeks of feeding, Sprague-Dawley
rats that were fed a high-fat diet had significantly
higher body weights than rats that were fed a standard
diet (P<0.05). Unexpectedly, the positive control
group, in which rats were administered simvastatin,
was not significantly different from high-fat-induced
hypolipidemic rats with respect to weight. However,
the other groups of rats treated with OORC, phy-
tosterol (stigmasterol), or their combinations, had
significantly lower body weights than the high-fat-
induced hypolipidemic rats (P<0.05). Details are
shown in Data S1.

Rats that were fed a high-fat diet, with or without
any intervention, had moderately higher hepatic in-
dexes, which indicated that the increased weights of
the liver were probably caused by fat accumulation.
However, only the group that was concurrently fed a
low dose of OORC and phytosterol reached statisti-
cally significant levels (Table S1). No significant
difference was observed between the splenic indexes.
Hyperlipidemia is characterized by abnormal blood
lipid profiles. Compared to those in the normal group,
the total cholesterol (TC), triglycerides (TG), and
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low-density lipoprotein cholesterol (LDL-C) levels in
the sera of the hyperlipidemic group were found to be
significantly increased (P<0.05), whereas the high-
density lipoprotein cholesterol (HDL-C) level was
found to be significantly decreased (P<0.05), indi-
cating that the high-fat diet caused hyperlipidemia in
rats (Fig. 1). Simvastatin, OORC, phytosterol, and the
OORC-phytosterol combination improved their re-
spective lipid profiles by reducing TG and LDL-C
levels and increasing HDL-C levels (P<0.05). No sig-
nificant difference was observed between the treat-
ments of simvastatin, OORC, phytosterol, and the
OORC-phytosterol combination with respect to blood
lipid regulation. OORC and phytosterol also showed
an effect similar to that of simvastatin with respect to
hyperlipidemia prevention in rats.
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Hyperlipidemia is caused by abnormal blood li-
pid metabolism that mainly manifests under high TC,
TG, and LDL-C levels or low HDL-C levels in the
blood (Bahmani et al., 2015). HDL-C transports
cholesterol from the extrahepatic tissue to the liver for
degradation, which is then distributed to the whole
body in order to reduce cholesterol deposition. On the
other hand, LDL-C transports the cholesterol synthe-
sized in the liver to the whole body. Hyperlipidemia is
arisk factor for cardiovascular diseases (Nelson, 2013).
Accumulation of serum cholesterol in blood vessels
can lead to heart disease, strokes, and cardiovascular
diseases (Cholesterol Treatment Trialists’ (CTT) Col-
laboration, 2015). Therefore, inhibition of cholesterol
synthesis via drugs or diet therapy has been the primary
strategy to reduce risk of cardiovascular diseases for
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Fig. 1 Lipid profiles of rats over different treatments

Lipid profiles that included TG (a), TC (b), HDL-C (c), and LDL-C (d) were observed to improve after simvastatin, OORC,
and phytosterol (stigmasterol) treatments. No significant difference was observed between the treatments of simvastatin,
OORC, phytosterol, and OORC-phytosterol combination. Values represent meantstandard deviation (SD), with n=8.
* represents significant difference between the hyperlipidemic and normal groups with respect to the corresponding index
(P<0.05); * represents significant difference when compared to the hyperlipidemia model group with respect to the corre-
sponding index (P<0.05). TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; NC, normal control group; HL, hyperlipidemic group; PC, positive simvastatin control
group; P, phytosterol group; O, ovum oil of R. chensinensis (OORC) group; LOP, low dose of OORC-phytosterol group;
MOP, middle dose of OORC-phytosterol group; HOP, high dose of OORC-phytosterol group
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years. The most important finding of the current re-
search was that low-cost OORC demonstrated effec-
tive cholesterol-lowering effects and tremendous
potential as a functional food or as an adjunct medi-
cine to prevent and/or treat hyperlipidemia.

In the normal group, liver cells were normally
shaped and neatly arranged with no fat infiltration. In
the hyperlipidemic group, many small vacuoles were
observed in the liver cells. Furthermore, the OORC,
phytosterol, and OORC-phytosterol groups showed
improved liver phenotypes (since more normal
hepatocytes were found in the liver) when compared
to the hyperlipidemic group (Fig. 2).

Due to several side effects of the currently used
lipid-lowering drugs, natural medicine has attracted
the attention of the scientific community. Phytosterols
are known to improve blood lipid profiles. As re-
ported previously, unsaturated fatty acids either alone
or combined with phytosterols can help remove cho-
lesterol esters generated within the body by regulating
lipoproteins (Park and Carr, 2013). Therefore, OORC
can be used in combination with phytosterols to pre-
vent hyperlipidemia, which is confirmed in our study.

In conclusion, OORC, phytosterol (stigmasterol),
and a combination of both showed lipid-lowering

functions in our study. Interestingly, the OORC-
phytosterol and OORC groups showed no significant
difference in their results. Furthermore, no synergistic
effect between phytosterol and OORC was observed.
Therefore, OORC and phytosterol (stigmasterol) show
similar effects with respect to improving the lipid
profile. Overall, OORC is a healthy food component
that can be consumed by people looking to prevent
hyperlipidemia.
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Fig. 2 Hematoxylin and eosin (H&E) staining of liver tissues in the different rat groups
The representative H&E-stained liver slice images are listed as follows: NC (normal control group), HL (hyperlipidemic
group), PC (positive simvastatin control group), P (phytosterol group), O (ovum oil of R. chensinensis (OORC) group), LOP
(low dose of OORC-phytosterol group), MOP (middle dose of OORC-phytosterol group), and HOP (high dose of
OORC-phytosterol group). Different from the healthy, many small vacuoles were observed in the liver cells of the hyper-
lipidemic rats. Administration of OORC, phytosterol, or OORC-phytosterol improved liver phenotypes. Arrow 1, inflam-
matory cell infiltration; Arrow 2, liver cytoplasm mesh shape (small cavity), nuclear enrichment. 200x magnification
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