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Effects of earthworm extract on the lipid profile and fatty liver
induced by a high-fat diet in guinea pigs
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Background: Non-alcoholic fatty liver disease (NAFLD), characterized by the accumulation of excess
fat in the liver in people who consume little or no alcohol, is becoming increasingly common around the
world, especially in developed countries. Extracts from earthworms have been used as alternative therapies
for a variety of diseases but not in NAFLD. Therefore, the aim of this study was to investigate the effect of
earthworm extract (EE) on diet-induced fatty liver disease in guinea pigs.

Methods: EE was extracted, and the effect of EE on the lipid levels and liver damage in guinea pigs fed a
high-fat diet (HFD) was assessed. Thirty male guinea pigs at 3 weeks of age were allocated equally to five
groups, namely, chow diet, HFD, and HFD with different dosages (0.3, 1.4 and 6.8 pg per kg bodyweight
per day) of EE for 4 weeks, and their body weight was monitored throughout the experiment. Liver tissues
were examined for gross morphology and histology. Serum levels of total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), alanine transaminase (ALT) and aspartate aminotransferase
(AST) were determined using an autoanalyser.

Results: HFD induced NAFLD in guinea pigs. HFD-fed guinea pigs that received EE treatment showed
milder increases in the serum levels of TC, TG and LDL-C, as well as in the body weight growth rate,
compared to the HFD group without EE supplementation. EE intervention reduced the number of lipid-
containing hepatocytes, hepatocellular ballooning and sinusoidal distortion in the liver in HFD-fed animals.
ALT in serum was significantly elevated by HFD. No statistically significant difference in ALT levels was
found between the chow diet group and the HFD group with EE treatment.

Conclusions: This study demonstrates that the administration of EE suppressed the induction of serum
TC, TG and LDL-C in response to HFD. EE also reduced liver damage in HFD-fed guinea pigs. These
findings suggest that EE has alleviating effects on dyslipidaemia and liver damage associated with NAFLD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a major
public health concern due to its worldwide prevalence (1).
To date, there are no effective therapeutic treatments for
NAFLD except weight loss (2). Consumption of a high-
fat diet (HFD) increases the chance of NAFLD (3), and
patients with NAFLD often have clinical features such as
dyslipidaemia (4), obesity (5), and hypertension (6). Previous
studies have shown that guinea pigs fed a HFD for 4 weeks
exhibit obesity, dyslipidaemia and liver damage (7,8). Due to
the resemblance of symptoms achieved by HFD in guinea
pigs to those in humans, HFD-fed guinea pigs have been
considered a suitable animal model to study the mechanisms
underlying the development of NAFLD (8,9).

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) are two enzymes mostly found in
the liver (10). When liver damage occurs, ALT and AST
are released into the bloodstream (10), so elevated levels of
ALT and AST may indicate liver damage and, as a result,
have been used as standard tests to monitor liver diseases,
including fatty liver disease (11).

Dyslipidaemia refers to blood lipid levels that are higher
or lower than the normal range (12). The dyslipidaemia
present in NAFLD is usually hyperlipidaemia, characterized
by elevated serum triglyceride (T'G) and low-density
lipoprotein cholesterol (LDL-C) levels and decreased
level of high-density lipoprotein cholesterol (HDL-C) (4).
Synthesized by the liver, TG is the major form of fatty
acid storage and transport in our body, and the hepatic
accumulation of triglycerides represents a hallmark of
NAFLD (13). LDL carries cholesterol to cells under
physiological conditions. However, high LDL-C levels
contribute to lipid build-up in blood vessels, which
triggers the inflammatory response and accelerates the
lipid accumulation process (14). Hence, LDL-C has been
regarded as a “bad” cholesterol in general. High-density
lipoprotein cholesterol (HDL), on the other hand, not
only plays a critical role in lipid transport from peripheral
tissues to the liver for lipid metabolism but also possesses
anti-inflammatory properties (15). Therefore, HDL-C is
considered a cholesterol that is beneficial to health.

Several medicines, such as statins, ezetimibe and PCSK9
inhibitors, have been developed to lower the levels of TG
and/or LDL-C and induce the elevation of HDL-C (16).
However, side effects including muscle aches, drowsiness,
and high blood sugar with these medications have been
described (17-19). Adverse hepatic effects are among the
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most frequently observed side effects with statin utilization
(20). Similarly, cases of patients who developed severe
hepatic side effects following ezetimibe treatment have been
reported (21,22).

The use of earthworms (Lumbricina) as a medicine dates
back hundreds of years. Several studies have evaluated
the influence of earthworm-derived components on
haematological and blood chemistry parameters in animals
and healthy human subjects, finding no significant adverse
effects (23,24). In terms of the association between
earthworm-derived components and lipid metabolism,
Kawakami et 4/. found that Zucker diabetic fatty (ZDF) rats
fed composite earthworm powder display attenuated hepatic
lipid accumulation (25). Balamurugan ez 4/. demonstrated
that oral administration of EE ameliorated hepatic injury
induced by paracetamol in rats. In their study, EE treatment
increased the levels of hepatic antioxidant activities and
decreased the levels of AST and ALT, indicating that
components from EE may have a hepatoprotective effect,
possibly by preventing oxidative group formation (26).
Additionally, another study showed that rats fed dried
earthworm powder exhibited a milder increase in the lipid-
peroxidative marker thiobarbituric acid reactive substance
(TBARS) and a lower reduction in antioxidant enzyme
activities in the presence of alcohol-induced hepatic
damage, indicating a potential impact of earthworm-derived
components on antioxidant enzyme synthesis (27). These
findings suggest that EE may improve the lipid profile and
liver function in HFD-induced NAFLD guinea pigs.

Parwanto er al. performed fractionation and
characterization of proteins based on molecular weight
and showed that the majority of proteins isolated from
the earthworm Lumbricus rubellus have molecular weights
ranging from 5 to 100 kDa (28). Therefore, we hypothesize
that the 3-100 kDa fraction of EE will improve the lipid
profile and liver function in HFD-induced NAFLD guinea
pigs. We expect to see decreased serum levels of TC, TG
and LDL-C; increased levels of HDL-C; and reduced
HFD-induced liver injury with EE supplementation in a
dose-dependent manner. We present the following article in
accordance with the ARRIVE reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-5362).

Methods

The study was approved by the Ethics Committee at the
First Hospital Affiliated to Shenzhen University (SZU),
Shenzhen Second People’s Hospital (No. 20170135),
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Table 1 Components of diets used in the experiments

Components Chow diet (g/100 g) High-fat diet (g/100 g)
Protein 19.3 19.3

Fat mix 3.2 3.2

Mineral mix 8.2 8.2

Vitamin mix 1.1 1.1

Fiber 11.8 11.8
Cholesterol 0.0 0.1

Lard 0.0 10.0

granted by the institutional/regional/national ethics/
committee/ethics board of the Institutional Animal Care
and Use Committee of SZU, in compliance with national/
institutional guidelines for the care and use of animals.

Isolation of EE

Live Indian blue earthworms (Perionyx excavates) raised
in the laboratory were rinsed with tap water and kept in
water overnight to purge the sand from the earthworms.
Subsequently, the earthworms were sonicated briefly to
remove slime, followed by tissue homogenization. The
homogenized solution was sonicated again and centrifuged
at 8,000 rpm at 4 °C to collect the supernatant. Protein
was purified by ammonium sulfate precipitation (salting-
out), dissolved in phosphate buffered saline (PBS), and
then loaded onto centrifugal units with a 100-kDa nominal
molecular weight cut-off (NMWCO). After the first
ultracentrifugation, the fraction that passed through the
filter was collected. The second ultracentrifugation was
performed using centrifugal units with 3-kDa NMWCO,
and the fluid retained by the filter was collected and ready
to be used in the experiments.

Animals

Thirty 3-week-old male Hartley guinea pigs (Topgene
Biotechnology, Wuhan, China) were housed in a
temperature-controlled room (20-24 °C) with a 12-h light/
dark cycle. Food and water were provided ad libitum. The
animals were randomized into five groups (n=6) and fed
a normal chow diet, a HFD containing 0.1% cholesterol
and 10% lard, and a HFD with low (0.3 pg/kg/d), medium
(1.4 pg/kg/d) or high (6.8 pg/kg/d) doses of EE for 4 weeks.
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The components of the chow diet and the HFD used in
this study are listed in 7able 1. EE was orally administered
to the animals. The body weight of each guinea pig was
recorded throughout the experiment. Body weight gain was
calculated using the following formula: weight gain (%) =
100x (measured weight - initial weight)/initial weight. At
the end of the experiment, all the animals were fasted for
12 h before being sacrificed.

Histology

A 1 cm’ central piece from the right lobe of the liver
was taken from each sacrificed animal, fixed in 4%
paraformaldehyde (PFA) solution overnight, dehydrated
and embedded in paraffin. Tissue blocks were sectioned at
5 pm thickness and stained with haematoxylin and eosin
(HE) for microscopic observation. Ten sections were
randomly picked from each liver sample and viewed by
3 different individuals. For each section, 20 randomly
selected fields were examined for histology. NAFLD scores
based on the histological presentations were calculated as
previously described (29).

Biochemical analysis

Blood was collected from the hearts of animals under
general anaesthesia, after which animals were sacrificed by
cervical dislocation. Blood samples were centrifuged at 2,500
rpm for 15 min, and the supernatant serum was collected
and stored at 4 °C in the short term. Serum levels of TG,
TC, HDL-C, LDL-C, ALT and AST were analysed with
an autoanalyser (Modular E170; Roche, Basel, Switzerland).

Liver index

After all the animals were sacrificed, the livers were
removed and weighed. The liver index was calculated as the
ratio of liver to body weight.

Statistical analysis

All statistical analyses were performed using SPSS 17.0
software (Chicago, IL, USA). Weekly body weight data
were analysed by repeated measures ANOVA with diet,
time, experiment and their interactions as factors. Analyses
of all the other data were performed using one-way ANOVA
followed by the Newman-Keuls post hoc test. Differences
with a P value <0.05 were considered statistically significant.
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Figure 1 Effect of EE on body weight (A) and body weight gain (B) in guinea pigs fed a chow diet, a HFD, or a HFD with EE
supplementation for 4 weeks. Data shown are the mean = SD (n=6 per group). **, P<0.01 vs. chow group; *, P<0.05; ", P<0.01 vs. HFD

model group.
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Figure 2 Effect of EE on the lipid profile in guinea pigs. Serum
levels of TC, TG, HDL-C and LDL-C were measured in animals
fed a chow diet, a HFD or a HFD with EE supplementation for
4 weeks. Data shown are the mean = SD (n=6 per group). **,
P<0.01 vs. chow group; ¥ P<0.05, ™, P<0.01 vs. HFD model group.

Results
Effect of EE on body weight in HFD-fed guinea pigs

No significant differences were observed in body weights
between all the groups of animals at weeks 1, 2 or 3 (P>0.05).
At week 4, the HFD group showed a higher body weight
than the control group (P<0.01), while all the animals
with EE treatment displayed body weights lower than the
HFD model group but not the control animals (P<0.05,
Figure 1A4). Weekly body weight gain per guinea pig did not
differ among all the groups throughout the experimental
period (P>0.05); however, the HFD group constantly
showed slightly higher weight gain than the other groups
from week 1 to 4, and mild dose-dependent reductions
in weight gain were observed in the EE-treated animals
compared to the body weight gain of the HFD group at
weeks 3 and 4 (Figure 1B). These results suggest that oral
administration of EE can reduce the body weight gain
caused by HFD in guinea pigs in a dose-dependent manner.
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Effect of EE on the serum lipid profile

The serum lipid profile obtained from blood samples at
the end of the experiment showed a prominent increase in
TC, TG and LDL-C in guinea pigs fed a HFD without
EE treatment compared to the control group, while the
level of HDL-C dropped significantly in the HFD group
without EE treatment compared to animals on a chow diet.
A suppressed increase in TC levels was found in the HFD
group with medium- and high-dose EE treatment but not
in the low-dose EE-treated animals. Similarly, a decrease
in TG was observed in guinea pigs orally administered
medium and high doses of EE. There was less decrease
in HDL-C caused by HFD in medium- and high-dose
EE-treated animals. Additionally, all the animals fed with
EE showed lower levels of LDL-C than the HFD group
(P<0.01), although no dose-dependent effect was observed
(Figure 2). These results indicate that EE can negatively
regulate the induction of TG and LDL-C and abolish the
HDL-C-lowering effect in HFD-fed guinea pigs.

Effect of EE on the liver index

At the end of the experiment, the HFD group had the
highest liver index among all the groups. All EE-treated
animals displayed lower liver indexes than the HFD group
(Figure 3).

EE supplementation ameliorated HFD-induced
morphological changes in livers

Morphological examination of livers revealed that HFD
feeding for 4 weeks led to several gross morphological
alterations. Livers from the control group were reddish-
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Figure 3 Effect of EE on the liver index in guinea pigs fed a chow
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brown in colour, had smooth surfaces and sharply
delineated inferior margins. In contrast, livers from guinea
pigs fed a HFD showed increased size, lightening in
colour, rounded inferior margins and surface nodularity.
Nevertheless, animals treated with EE showed ameliorated
hepatic injury (Figure 44), suggesting that EE can
partially reverse the fatty liver symptoms caused by HFD.
Histological analysis (Figure 4B) showed that guinea pigs
in the control group had clearly demarcated and uniform
hepatic sinusoids; no lipid vacuoles were observed in
the hepatocytes surrounding the central vein of hepatic

HFD + low dose EE

3

HFD + medium dose EE

HFD + high dose EE

Chow

HFD

HFD+low dose EE
HFD+medium dose EE
HFD+high dose EE

NAFLD activity score
N

Figure 4 Oral administration of EE attenuates liver injury and hepatic lipid accumulation in response to HFD. (A) Liver gross morphology.

(B) Representative pictures of the liver stained with haematoxylin and eosin. (C) Non-alcoholic fatty liver disease (NAFLD) activity scores of

the liver based on haematoxylin and eosin staining liver images. *, P<0.01 vs. HFD model group.
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Figure 5 ALT (A) and AST (B) levels of the guinea pigs fed a chow diet, a HFD, or a HFD with EE supplementation for 4 weeks. Data
shown are the mean = SD (n=6 per group). ¥, P<0.05; **, P<0.01 vs. chow group; *, P<0.05 »s. HFD model group.

lobules or in the portal canals in control livers. Conversely,
animals fed a HFD exhibited sinusoidal distortion,
hepatocellular ballooning, and accumulation of lipid
droplets in hepatocytes, especially in cells surrounding the
central and portal veins. The low-dose EE-treated group
showed fewer hepatocytes containing lipid droplets in
the portal areas than the HFD group. Notably, medium-
dose EE-fed animals showed even fewer lipid droplet-
filling hepatocytes around the portal veins than the low-
dose group. Guinea pigs fed high-dose EE had uniform
sinusoids, morphologically normal hepatocytes in the
portal area and much fewer hepatocytes with intracellular
fat vacuoles around the central veins. The NAFLD
activity score (NAS) was calculated based on the extent of
steatosis, lobular inflammation, fibrosis and hepatocellular
ballooning for histological evaluation of NAFLD (30). In
the HFD model group, the NAS was higher than 3. In
HFD animals treated with medium-dose (1.4 pg/kg/d) and
high-dose (6.8 pgrkg/d) EE, the NAS were significantly
lower than those of the HFD group. These results suggest
that oral administration of high-dose (6.8 pg/kg/d) EE can
alleviate the morphological alterations in the liver caused
by HFD in guinea pigs.

EE supplementation attenuated HFD-induced bepatic
damage

The elevations in ALT and AST serum levels may result
from disorders including metabolic disease, cardiovascular
disease, and liver disease. Therefore, these tests have
been used to assess liver damage and function. Compared
to animals fed chow, the HFD group showed elevated
serum levels of ALT and AST. Guinea pigs treated with
EE exhibited slightly but not significantly reduced AST
in comparison with the HFD group (P>0.05). However, a
marked decrease in ALT was observed in the EE-treated
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group in a dose-dependent manner (Figure 5). These results
indicate that HFD-induced increases in ALT and AST can
be suppressed by oral administration of EE in guinea pigs.

Discussion

In the current study, we used guinea pigs fed a HFD as
an animal model of NAFLD. We observed that the body
weights of guinea pigs fed a HFD, with or without EE
treatment, did not show a significant difference compared
to the control animals at weeks 1, 2 or 3. Additionally,
no difference was found among all the groups of animals
in weekly body weight gain during this experiment. In
previous studies, scientists found that although HFD does
not significantly induce body weight gain in guinea pigs like
it does in rats and mice, it often leads to dyslipidaemia and
other metabolic symptoms (31,32). In our study, increased
serum levels of TC, LDL-C and TG were detected in
animals fed a HFD, suggesting that relative hyperlipidaemia
was induced. However, because we used 3-week-old guinea
pigs at the start of the experiment and the duration of the
experiment was 4 weeks, it is difficult to conclude that HFD
feeding induced obesity in the animals since the normal
body weight ranges of young guinea pigs are not well-
defined. Guinea pigs reach sexual maturity between 3 and
4 months, and the body weights of adult guinea pigs are
usually between 700 g and 1,200 g (33). There is a rapid
growth phase in guinea pigs’ lives, usually before they reach
2 months old, in which they gain as much as 5 to 7 g per
day when food is provided ad libitum (34). The average
daily body weight gain values obtained from all the groups
of animals in our study were below 7 g (data not shown),
even in animals fed a HFD. Therefore, even though the
guinea pigs fed the HFD had significantly higher body
weights than those fed chow at the end of the experiment,
we refrained from referring to these animals as overweight/
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obese. Despite the obesity-resistant phenotype, HFD-fed
guinea pigs are a widely used animal model to investigate
metabolic syndromes. Yang er 4/. found that 4weeks of
feeding a HFD containing 0.1% cholesterol and 10%
lard could raise the plasma levels of TC, LDL-C and TG
in guinea pigs but not in rats (9). Furthermore, there are
many similarities shared by guinea pigs and humans in
terms of lipid composition and lipid metabolism. Fernandez
et al. found that guinea pigs not only have a lipid profile
resembling that of humans but also have LDL as the main
carrier of cholesterol in the circulation, similar to humans,
which has not been seen in other rodents (7). Additionally,
guinea pigs develop NAFLD with key hepatic histological
features similar to those observed in humans under the
influence of HFD (35), which renders them suitable models
to study the pathogenesis of NAFLD.

The reference ranges for plasma lipids in guinea
pigs are as follows: TC: 0.00-2.06 mmol/L; TG:
0.74-0.88 mmol/L; LDL-C: 1.45-2.01 mmol/L; and
HDL-C: 0.18-0.24 mmol/L (36,37). In our study,
HED led to physiologically significant elevations of TC
(3.63+0.41 mmol/L), TG (2.34+0.31 mmol/L)) and LDL-C
(2.65+0.25 mmol/L) in guinea pigs. In animals treated
with high-dose (6.8 pg/kg/d) EE, the plasma levels of TC
(2.97+0.57 mmol/L) and TG (1.13+£0.31 mmol/L) were
significantly lower than those in the HFD-fed group,
although they were still considered high levels in guinea
pigs. The serum concentration of LDL-C was significantly
increased and higher than the reference range in HFD-fed
animals, while treatment with all three doses of EE brought
the LDL-C level down to normal. HDL-C levels were
reduced but remained within the reference range in guinea
pigs fed a HEFD without EE treatment.

There are two main types of fatty liver disease: alcoholic
and non-alcoholic (38). Alcoholic fatty liver disease (AFLD)
is commonly found in people who have excessive alcohol
intake (39), while the major risk factors for NAFLD include
obesity, dyslipidaemia and metabolic syndromes (40). A
histological hallmark of NAFLD is the accumulation of
lipid vacuoles that have a clear appearance with H&E
staining in hepatocytes (41). Hepatocytes take up lipids
in the form of free fatty acids (FFAs) from the circulation
mainly by facilitated transport, a process mediated by
multiple FFA transport proteins (42). The presence of a
tiny amount of fat in the liver is considered normal, while
a liver with more than 5% of hepatocytes containing lipids
is considered a fatty liver based on the histological criterion
for NAFLD diagnosis (43). A HFD has been reported to
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induce lipid accumulation in hepatocytes surrounding the
central veins (44). In addition to the direct effect of a HFD
on hepatic lipid accumulation, a HFD leads to insulin
resistance, which increases FFA transport to the liver and
accelerates the progression of fatty liver disease (45). HFD
consumption also promotes oxidative imbalance (46). Yu
et al. showed that oxidative stress induced by a HFD
impaired the function of hepatocyte nuclear factor 4a
(HNF4a), a critical regulator of hepatic lipid homeostasis,
thus increasing lipid accumulation in the liver (47). In our
study, lipid droplets were mainly observed in hepatocytes
around the central veins in guinea pigs fed a HFD, and
treatment with EE partially reversed this morphological
disruption in the liver.

Indian blue earthworms (Perionyx excavates), commercially
available and used in several studies (48-50), serve as a great
source of potential therapeutic components. To date, only
a few studies have successfully identified lipid-lowering
constituents derived from earthworms. Composite powder
containing earthworms (CEP) was found to significantly
reduce the total lipid content and triglycerides in ZDF rats,
but it remains unclear whether components from earthworms
are the primary contributors to the lipid-regulating effect
observed (25).

Nevertheless, an in vitro assay revealed that CEP
possesses plasminogen activator-like activity (25).
Plasminogen is the inactive precursor of plasmin, a
proteolytic enzyme that breaks down blood clots (51).
Intriguingly, several fibrinolytic enzymes isolated from
earthworms have been identified (52-54), and the regulation
of fibrinolytic system components is pathogenetically linked
with lipid metabolism (55). The antioxidant properties of
EE have also been described by multiple studies (26,56,57).
Antioxidants neutralize free radicals produced from liver
metabolism and maintain redox homeostasis (58). Patients
with NAFLD have increased oxidative stress, largely due
to the augmented flux of FFAs to the liver (59). Oxidative
stress contributes to the progression of several liver diseases,
including AFLD and NAFLD (60). Lirussi ez 4l. attempted
to evaluate the beneficial and harmful effects of antioxidant
supplementation in patients with NAFLD and found
significant attenuation of AST levels compared to levels in
the subjects with placebo intervention (61). Therefore, the
antioxidant activities of EE may be partly responsible for
the reduced liver injury observed in our study.

A glycolipoprotein mixture referred to as G-90 was
isolated from earthworms and contains insulin-like growth

factor (IGF) as well as epidermal growth factor (EGF) (62).
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IGF is involved not only in glucose metabolism (63) but also
in the regulation of lipid metabolism (64). IGF-1 stimulates
FFA transport (65) and oxidation (66) in skeletal muscle.
Subcutaneous injection of IGF-1 and growth hormone
(GH) reduced total plasma cholesterol levels in rats (64);
IGF-1 deficiency led to deregulated lipid metabolism and
an impaired lipid profile (64). Similarly, EGF has been
implicated in the regulation of hepatic and plasma lipid
levels in mice (67). Hence, the regulation of the lipid profile
and hepatic morphological changes by EE in HFD-fed
guinea pigs could be due to the components mentioned
above, but further investigation needs to be performed to
validate the active ingredients involved and their specific
functions.

AST and ALT are transaminases abundantly present
in the liver, and they help the liver convert proteins into
energy. When the liver sustains injury, AST and ALT
are released into the bloodstream, causing an increase in
the blood levels of these enzymes (10). It is worth noting
that hepatotoxic effects of lipid-lowering drugs such as
statins have been reported in patients, with increases in
transaminase levels detected (68,69). In our study, significant
elevations in AST and ALT were observed in HFD-fed
guinea pigs, while EE treatment suppressed the induction
of transaminases. These results support the therapeutic
potential of EE in treating NAFLD in two aspects: first,
EE can reduce the liver damage caused by HFD; second,
the dosage of EE used in the current study does not cause
significant hepatotoxicity. Hence, EE may be a relatively
safe alternative medication compared to prescription drugs.
However, it has been reported that elevated serum levels
of AST and ALT can also be due to cardiac disease (70) or
skeletal muscle damage (71). Therefore, we could not rule
out the possibilities of these non-hepatic causes of AST/
ALT changes in our study.

A potential limitation of this study is that we cannot
ensure that data obtained from guinea pigs are clinically
relevant and that the results mimic the aspects of human
disease. Accordingly, we plan to use commercially available
human hepatocytes as an in vitro model in the future to
investigate the effect of EE on lipid metabolism and the
underlying molecular mechanisms.

Conclusions

In conclusion, the results of our study strongly indicate that
EE can improve the lipid profile and attenuate liver damage
in HFD-fed guinea pigs. Although the specific molecules
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involved await identification, we have demonstrated that
EE has the potential to serve as a relatively safe alternative
medication to treat NAFLD one day.
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