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Abstract

Introduction

Background and Aims: Both alcoholic drinks and high
sugar-containing soft drinks cause major health problems
worldwide. Oral administration of OS and M1 soy-derived
extracts has been shown to alleviate liver injury in animal
models. The aim of the present study was to determine the
liver- and sugar-protective effect of OS and M1 soy-derived
extracts when added to alcohol and sugar-enriched drinks.
Methods: Mice were treated with alcohol or high sugarcontaining drinks, with and without administration of a combination of OS and M1 soy extracts. Mice were observed
for the effects on liver injury, glucose metabolism, and the
immune system. Results: Co-administration of the soy
extracts OS and M1 significantly alleviated the liver injury
induced by acute alcohol, as evidenced by decreased liver
enzymes. These beneficial effects were associated with promotion of subsets of regulatory T lymphocytes and with a
trend towards a pro-inflammatory to an anti-inflammatory
cytokine shift. Co-administration of OS M1 soy extracts with
sugar-sweetened beverages significantly alleviated the
increases in serum sugar levels. Conclusion: OS and M1
extracts exert a synergistic hepato- and glucose-protective
effect in models of alcohol-induced liver damage and soft
drinks-associated increases in serum glucose. These extracts
may provide a solution to the two pressing health problems.
Citation of this article: Khoury T, Rotnemer-Golinkin D,
Shabat Y, Zolotarovya L, Ilan Y. Oral co-administration of
soy-derived extracts with alcohol or with sugar-sweetened
beverages exerts liver and sugar protective effects. J Clin
Transl Hepatol 2017;5(3):208–215. doi: 10.14218/JCTH.
2017.00019.

Excess alcohol use is the primary cause of liver-related
mortality in western countries. Alcohol is the most commonly
abused substance worldwide, and it remains a significant
source of liver injury.1 The prevalence of alcoholic liver
disease (ALD) is increasing, and alcohol use is reportedly
responsible for 4% of global mortality.2,3 Alcoholic hepatitis
is an inflammatory process of the hepatocytes accompanied
by necrosis, and it is associated with a high rate of cirrhosis
progression in 40% of cases.4,5 The pathogenesis of alcoholmediated liver injury involves interactions of several intracellular signaling pathways in different cell types of the
liver.6 The activation of innate immune cells and the inflammatory cascade also play a role in ALD.7–9
Sugar-sweetened beverages (SSBs) are also consumed
globally and contribute to obesity.10,11 The states of overweight and obesity, as well as diabetes have been found to
be significantly linked to soft drink consumption worldwide.12
A recent survey showed that SSBs are the single most modifiable component of diet that can impact preventable death
and disability in adults in high, middle, and low-income countries.13 Preventing alcohol and SSB overconsumption is the
best way to stop the related target-organ damage, but it is
difficult to achieve in many cases.
Soy is a basic diet nutrient. It contains soluble sugars,
vegetable protein, complex carbohydrates, polyunsaturated
fat and phytoestrogens.14 It has been suggested that soy
extracts exert a beneficial effect on various organs and on the
control of serum lipids.15 Dietary supplements of soy protein,
isoflavones, and cotyledon fiber have demonstrated beneficial
effects on cardiovascular risk markers in type 2 diabetes.16
They have also shown therapeutic efficacy in immunemediated diseases.14 Moreover, soy, specifically isoflavones,
improve the antioxidant capacity of hepatocytes and decrease
oxidative stress.17 Soy-derived b-glucosylceramide (GC) has
been shown to exert an immune modulatory effect in animal
models of immune-mediated disorders.18–26
Epidemiological studies have shown that soy products
might decrease morbidity and improve anti-oxidant ability.27
Soy protein was also shown to improve alcohol-induced
lipid accumulation, oxidative stress and inflammation by
decreasing pro-inflammatory cytokines and CYP2E1 protein
expression.27 Oral administration of two soy extracts, M1
and OS, was recently shown to exert an effect on the gut
immune system, to alter the distribution of regulatory T cells
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and alleviate immune-mediated liver injury, hyperlipidemia
and insulin resistance in animal models.28 The aim of the
present study was, therefore, to determine the protective
effect of these two soy-derived extracts when co-administered
with alcohol and sugar compounds.
Methods
Animals
Mice were maintained in the animal core of the Hebrew
University Hadassah Medical School (Jerusalem, Israel).
The mice were given the diets described below (alcohol)
with free access to water and were maintained in a 12-h
light-dark cycle. All experiments were performed in accordance with the guidelines of the Hebrew University-Hadassah
Institutional Committee for Care and Use of Laboratory
Animals (IACUC protocol number: MD-15-14429-4).
Oral administration of soy fractions
Two soy extracts were obtained from Solbar Israel (CHS Inc.,
Ashdod, Israel) and studied in the animal models described
below. The OS-fraction was derived from the solvent extraction of soybeans into oil and mainly contained tri and diglycerides, free fatty acids and phosphatides. The MI-fraction
was derived from aqueous-ethanol extraction left after the
solvent extraction and mainly contained isoflavones, sugars
(oligo-, di-, mono-) and lipids (including phosphatides, phytosterols, saponins).
I. Assessment of the effect of oral soy extracts on liver
damage in acute alcoholic liver injury model
Experimental groups: Approximately 11–12 week-old male
mice were purchased from Harlan Laboratories (Jerusalem,
Israel). Four groups were examined, and each group contained 10 mice. Mice in control group A were treated with
phosphate buffered saline (PBS). To induce acute alcoholic
liver injury, mice in group B were orally administered 300 mL
of 70% ethanol, administered in three separate doses with
15 min intervals. Mice in group C were orally treated with a
similar amount of ethanol, along with 3 mg of GC per mouse,
a natural b-glycosphingolipid (Avanti Polar Lipids, AL, United
States). Mice in group D were orally administered a similar
amount of ethanol, along with 1.5 mg of each of the two soy
extracts M1 and OS.
Histological examination of the liver: Livers of all the mice in all
the experimental groups were cut into 4–5 mm thin slices, fixed
in 10% formaldehyde solution, and kept at room temperature.
Tissue blocks were made by embedding in paraffin. Sections
were stained with hematoxylin-eosin (H&E) for morphological
examination. Specimens were examined under a light microscope. Slides were scored by a blinded pathologist to assess
the extent of liver damage.
Liver enzymes: Serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels were determined for all
mice in all groups by use of an automatic analyzer.
Assessment of the effect of soy extracts on the systemic
immune system: The immune modulatory effect of soy extracts
was determined by FACS analysis and serum cytokines.
Flow cytometry: Flow cytometry was performed on splenocytes and hepatic lymphocytes, which were resuspended
in 1 mL of FACS buffer (PBS + 1% bovine serum albumin

+ 0.1% sodium azide). Cells were stained with the diluted
anti-LAP antibody (50 mL/sample), FITC-conjugated antiCD4/CD8 (0.5 mL per sample), PE-conjugated anti-CD25/
NK1.1 Pacific Blue–conjugated anti-CD3 (3 mL per sample)
and PerCP-conjugated anti-CD45 (2 mL per sample). All
stainings were performed after blocking the Fc receptor with
anti-mouse CD16/CD32 (BD Fc Block). Flow cytometry was
performed using a LSR-II flow cytometer and FCS Express
software (BD Biosciences, CA, United States).
Cytokine measurement: Cytokine assessment was performed
by MILLIPLEX® Analytes (EMD Millipore Corp., MO, United
States) based on the Luminex xMAP® technology for performing immunoassays on the surface of fluorescent-coded magnetic beads MagPlex®-C microspheres. Acquiring and
analyzing the data were performed using the Luminex analyzer (MAGPIX®) software. Cytokines assessment was measured by mean fluorescence intensity (MFI).
II. Assessment of the effect of soy extracts on glucose
metabolism
Three experiments were performed to examine the effect of
soy extracts on glucose metabolism. Effect of co-administration
of soy extracts with SSBs:
a. Three groups of C57BL/6 mice (n = 7) that were 11–12
weeks old were studied. Group A was orally administered
350 mL of SSB-I. Groups B and C were orally administered
350 mL of SSB-I mixed with 3 mg soy extract M1 dissolved
in 30% Cremophor EL (CrEL) or in double-distilled water,
respectively.
b. Five groups of C57BL/6 mice (n = 6), 11–12 weeks old
were studied. Group A was orally administered 350 mL of
SSB-I. Group B was administered 350 mL of SSB-I and 6 mg
of soy extract M1 dissolved in double-distilled water. Group C
was given OS soy extract dissolved in double-distilled water
and SSB-I. Group D was orally administered 350 mL of SSBI and the combination of both soy extracts M1 and OS each
of 6 mg per mouse dissolved in double-distilled water, and
group E was administered 350 mL of SSB-I and 6 mg M1
dissolved in 30% CrEL.
c. Four groups of C57BL/6 mice (n = 2) that were 11–12
weeks old were studied. Mice in group A were orally administered chocolate milk (SSB-II) at 400 mL per mouse.
Mice in group B were orally administered a mix of 400 mL
of SSB-II and CrEL. Group C was orally administered
400 mL of SSB-II with 2.5 mg of each soy extracts (OS
and M1), and group D was given 400 mL of SSB-II and
2.5 mg of each OS and M1 dissolved in CrEL.
Glucose levels in all three experiments were examined at
baseline and 15, 30, 60, 90, 120 and 180 min after the SSB
administration.
Statistical analysis
All analysis was performed using Excel 2003 (Microsoft, WA,
United States). The variables were expressed as the mean ±
standard deviation. The comparison of two independent
groups was performed using Student’s t-test. All tests
applied were two-tailed. A p-value of 0.05 or less was considered to be statistically significant.
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Results
Oral administration of soy-derived extracts alleviated
alcohol-mediated liver injury in mice
Fig. 1A shows the effect of oral administration of the soyderived extracts (OS, M1) on alcohol-mediated liver injury
as measured by the effect on liver enzymes. Both the oral
administration of OS and M1 extracts in group D and the
oral administration of GC in group C were associated with a
statistically significant alleviation of liver injury compared
with the untreated controls in group B (33 vs. 132 vs.
32 vs. 57 IU for ALT levels; and 95 vs. 611 vs. 141 vs. 187
IU for AST levels, for groups A, B, C, and D, respectively,
p < 0.05 between groups). Three mice in groups B and D
died, but no mortality was observed in the other groups.
The deaths seem to be related to the effect of acute alcohol
administration and not to the effect of the drugs.
Fig. 1B shows the effect of soy extracts on the body weight
of the mice. There was already a trend towards alleviation of
the alcohol-related weight loss in group D compared to group B
(27.17 vs. 26.84 g, p = 0.05).
Fig. 1C shows representative sections from liver biopsies
performed at the end of the treatment period. Alleviation of
liver apoptosis and improved hepatocyte architecture were
both noted in the mice in groups C and D compared to
group B.
Oral administration of soy-derived extracts altered the
systemic immune response in mice
Fig. 2 shows the effects of oral administration of soy extracts
on different subsets of lymphocytes. A statistically significant
decrease in CD4+CD25+ lymphocytes was noted in the mice
in group D compared to the healthy controls (group A) and
to the untreated mice in group B (0.96% vs. 1.7% vs. 1.63%,
for groups D, A and B, respectively, p < 0.05; Fig. 2A). A
statistically significant increase in CD8+CD25+Foxp3+ lymphocytes was noted in the mice of group D compared to
groups B and C (2.45% vs. 1.69% vs. 1.82%, for groups D,
B and C, respectively, p < 0.05; Fig. 2B). Fig. 2C shows
effects on natural killer T lymphocytes. Overall, no significant
change was noted in the soy-treated mice in group D compared to the control groups A and B (11.18% vs. 10.44% and
12.75%, p = NS). Similarly, Fig. 2D shows a significant increase
in the level of CD8+CD25+ T lymphocytes in group D
compared to group B (0.52% vs. 0.2%, p < 0.05). The
overall CD4 to CD8 lymphocyte ratio was similar in all mice
groups (p = NS). Of note, the ratio was only modestly higher
in group D compared to group B (1.1% vs. 0.98%, p = 0.1;
Fig. 2E)
Fig. 3 shows the beneficial effects on the liver damage
associated with a pro-inflammatory to anti-inflammatory
cytokine shift. A non-statistically significant trend towards
suppression of the serum interferon-gamma (IFN-g) (22.5
vs. 27.7 MFI; Fig. 3A) and tumor necrosis factor-alpha
(TNF-a) (15.4 vs. 17.6 MFI; Fig. 3B) serum levels were
noted in the mice of group D compared to group B (p = 0.1
and p = 0.2, respectively). A similar trend was noted for
TNF-a for the mice treated with GC in group C compared to
group B (p = 0.1). A trend toward a decrease in the IFN-g to
interleukin-10 (IL-10) ratio was noted for mice of groups C
and D compared with the untreated controls in group B,
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Fig. 1. Effect of oral administration of OS and M1 soy extracts on alcoholinduced liver damage in mice. A. Effects of soy extracts (OS and M1) on liver
enzymes. There was a significant decrease in liver enzymes (ALT and AST) in group
D compared to group B (p < 0.05). B. Effects of soy extracts on body weight
of mice. A trend toward alleviation of the alcohol-related weight loss was noted
in group D compared to group B. C. Effects of soy extracts on liver histology
representative by H&E stain (magnification 310) sections from liver biopsies. A
decrease in apoptosis and hepatic necrosis in soy-treated group D compared
to group B was noted.47

reflecting the pro-inflammatory to anti-inflammatory cytokine shift in the treated mice (1.35 vs. 1.1 vs. 1.79 MFI;
Fig. 3C).
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Fig. 2. Soy extracts alter the T regulatory cells in mice. FACS analysis was performed on lymphocyte subsets harvested from mice in all groups to detect: CD4+CD25+
(A); CD8+CD25+FoxP3+ (B); CD3+CD56+ (C); CD8+CD25+ (D). The CD4/CD8 ratio was calculated for each group (D).

Oral administration of soy-derived extracts alleviated
the SSBs-mediated increase in serum sugar levels in
mice
Fig. 4A I show the beneficial effect of adding M1 to SSB-I.
Mean blood glucose levels are shown for the 0, 15, 30 and
60 min time points after consumption of SSB-I alone or with
supplementation of M1 dissolved in water or in 30% CrEL. A
significant decrease in serum sugar levels was noted in the
mice treated with soy extracts dissolved in CrEL and in water
at 60 min compared to group A (110 vs. 106 vs. 113 mg/dL).
A statistically significant decrease was noted in the glucose
tolerance test area under the curve (AUC) in mice treated with
soy extract M1 (groups B and C) compared to control group
A at 60 min (3199 vs. 3101 vs. 3508 for C vs. A, p < 0.05,
respectively; Fig. 4A II).
Fig. 4B I shows a similar sugar protective effect of
soy extracts when given as OS soy extract dissolved in

water and M1 dissolved in CrEL; groups C and E were coadministered with SSB-I. A decrease in glucose levels was
noted in groups C and E compared to control group A
(136.5 vs. 128.3 vs. 138.5 mg/dL at 15 min; 119.7 vs.
115.7 vs. 127 mg/dL at 30 min; and 104.5 vs. 108.5 vs.
111.2 mg/dL at 60 min, for groups C, E and A, respectively).
Similarly, the co-administration of both M1 and OS extracts
dissolved in water was associated with a decrease in glucose
levels compared to controls in group A (104.3 vs. 111.2 mg/dL
at 60 min; and 106.2 vs. 109.5 mg/dL at 90 min; and 81.7
vs. 87.5 mg/dL at 180 min, respectively; p = NS). Fig. 4B II
shows a significant decrease in the AUC in mice given M1
dissolved in CrEL (group E) at 15 min compared to the
control group A (p = 0.04), and a trend toward a decrease
was noted at 30 min in group E compared to group A
(p = 0.06). Similarly, a statistically significant decrease in
the AUC was noticed in mice co-administered soy extracts
M1 and OS dissolved in water (group D) at 90 and 120 min
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compared to the control group A. The decrease was also
significant when compared to group C (p < 0.005). There
was a statistically significant decrease in group D compared
to group C at 30 and 60 min. Fig. 4C II shows a statistically
significant decrease in the AUC in the mice administered SSB-II
dissolved in CrEL (group B) at 15, 30, 60 and 90 min following
ingestion compared to the control group A (p < 0.05).
The oral administration of both combination of soy extracts
OS and M1 (group C) and OS and M1 dissolved in CrEL (group D)
was also associated with significant decrease in the AUC at 60
and 90 min for group C, and at 15, 30, 60, 90 and 120 min for
group D (p = 0.01 and p = 0.004, respectively). Mice in group
D had a statistically significant decrease in the AUC compared
to mice in group C at 15, 30 and 60 min (p = 0.05, p = 0.01
and p = 0.03, respectively). The data support the notion that
while CrEL has some glucose-protecting effect, the two soy
extracts exert a synergistic effect both with each other and
with CrEL.

Discussion

Fig. 3. Effects of soy extracts on the cytokine profile of mice. Serum
cytokines were measured at the end of the study for: IFN (A); and TNF (B). The
ratio of IFN to IL10 was calculated for all mice in all groups (C).

compared to mice administered soy extract M1 dissolved in
water (group B) (p = 0.05).
Fig. 4C I shows a similar effect following the co-administration of the soy extracts with high sugar containing chocolate milk (SSB-II). A decrease in glucose levels was noted for
the soy extracts-treated groups (groups C and D) compared
to the mice in control group A (175.5 vs. 168.5 vs. 200 mg/dL
at 15 min; 170 vs. 146 vs. 179 mg/dL at 30 min; 162 vs.
140.5 vs. 164 mg/dL at 60 min; 135.5 vs. 132.5 vs. 161.5
mg/dL at 90 min; 132 vs. 131 vs. 152 mg/dL at 120 min; and
128.5 vs. 125.5 vs. 136 mg/dL at 180 min, for groups C, D,
and A, respectively). A significant decrease in glucose levels
was noted in the mice in group C (treated with SSB-II mixed
with OS and M1) at 90, 120 and 180 min compared to group A
(135.5 vs. 132 vs. 128.5 mg/dL, compared to 161.5 vs. 152
vs. 136 mg/dL for groups C and A, respectively, p < 0.05).
Similarly, there was a significant decrease in the glucose level
in the group D mice (treated with SSB-II mixed with OS and
M1 dissolved in CrEL) at 15, 30, 60, 90, 120 and 180 min
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Over consumption of alcohol and SSBs are major global
health problems. The results of the present study show that
the co-administration of OS and M1 soy-derived extracts
exerts protective effects on alcohol-induced liver damage
and reduces serum sugar levels. The oral administration of
soy-derived extracts alleviated alcohol-mediated liver injury,
as noted by a decrease in liver enzymes, improvements in
liver histology, and alleviation of alcohol-mediated weight
loss. In addition, oral administration of soy-derived extracts
alleviated SSB-mediated increases in serum sugar levels.
OS, M1, and the combination of both extracts, when coadministered with two types of SSBs, alleviated the SSBmediated increase in blood sugar levels. A synergistic effect
was noted for the combination of both extracts, and for their
combination with CrEL.
For both alcohol and SSB consumption, implementing a
lifestyle change to eliminate the use of these compounds
is a hard to achieve and to sustain for many. Current
interventions, including education programs and new laws,
have had some impact but are far from ideal.29–32 There is a
lack of evidence for recommending the implementation of
alcohol advertising restrictions.33 Similarly, interventions
to reduce the consumption of SSBs have been only partially
successful.34 While it is possible to improve settings by
making national recommendations, continuous actions are
needed to decrease total consumption of sweet products
among adolescents.35 Dietary group interventions can moderately improve intake.36 However, their effect on global
health is limited due to the small number of participants.
Moreover, the long-term effects of these interventions are
unclear.37
Adding protective measures to the drinks which can
reduce the risks associated with overconsumption of alcohol
and SSBs may overcome some of the behavioral obstacles
to reducing alcohol-mediated liver damage and the hyperglycemia and obesity induced by SSBs. Caffeic acid was
shown to exert a beneficial effect and reduce the adverse
effects of alcohol.38 In a chronic alcohol model in rats, administration of caffeic acid along with alcohol significantly
decreased the serum levels of liver and kidney markers to
near-normal levels, and decreased the levels of lipid peroxidation markers.
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Fig. 4. Effects of soy extract on serum glucose level in mice orally administered SSBs. A. Mice were orally administered SSB-I with or without co-administration of
M1 dissolved in water or in CrEL (panel I); the AUC at 60 min was calculated (panel II). B. The effect of co-administration of SSB-I with OS or M1 or the combination of both on
serum glucose levels. C. The effect of co-administration of SSB-II with OS or M1 or the combination of both on serum glucose levels.
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The data from the present study suggest that by coadministering safe naturally-derived soy extract, it is possible
to alleviate the alcohol-mediated liver damage and to reduce
serum sugar levels following the consumption of SSBs. Future
studies will determine the effect of these compounds when
used in combination with lethal dosages.
The results of the present study suggest that the immune
modulatory effect of the OS and M1 soy extracts may underlie
the noted beneficial effects. A decrease in CD4+CD25+,
promotion of CD8+CD25+ and of CD8+CD25+Foxp3+ regulatory lymphocytes, and normalization of natural killer T cells
number were noted in the treated mice. Treatment was
associated with normalization of the altered CD4/CD8 lymphocyte ratio. A trend toward a pro-inflammatory to an
anti-inflammatory cytokine shift was observed in the soy
extracts-treated mice. Oral administration of OS and M1 had
an additive effect in alleviating concanavalin A (ConA)
immune-mediated hepatitis, as evidenced by a decrease in
liver enzymes serum levels. The hepatoprotective effect was
associated with a reduction in pro-inflammatory cytokines.
Similarly, oral administration of the OS and M1 soy-derived
fraction ameliorated liver injury in the high-fat diet model of
non-alcoholic steatohepatitis.28 The beneficial effect was
mediated by reduction of serum TNF-levels, along with the
promotion of natural killer T and CD8+CD25+Foxp3+ regulatory T cells.28 Similar immune modulatory-mediated liver and
insulin resistance protective effects were described for soyderived glycosphingolipids.18–20,24,26,39–41
The immune system plays a role in the pathogenesis of
both ALD and insulin resistance. The liver-associated lymphocyte (LAL) response to alcohol intake along with the
immune stimulation determine the susceptibility to liver
damage.6,8 The CD8/CD4 ratio is higher in the LAL population
than in peripheral blood. When LALs isolated from ethanolconsuming rats are transferred to non-ethanol-consuming
rats, they induces ethanol-mediated damage.6 Ethanol disrupts antigen presentation by dendritic cells and monocytes,
and decreases proliferation of T cell lymphocytes.42 Toll-like
receptors are expressed and activated in innate immune
cells and in liver parenchymal cells, thereby leading to
ALD.43 Alcohol-induced sensitization of liver macrophages to
portal endotoxin/lipopolysaccharide contributes to the liver
damage.6 Alcohol-mediated activation of downstream signaling pathways including nuclear factor-kappa B (NF-kB) leads
to increased pro-inflammatory cytokine production in ALD.44
TNF-a and interleukin-6 production by LALs are increased by
ethanol. Alcohol also shifts the oxidative reaction in the liver
toward a pro-oxidant system, causing over-activation of the
oxidative cascade, which produces reactive oxygen species
and exerts a toxic effect on the hepatocytes.45,46
The results of the present study support the ability of
OS and M1 soy extracts to normalize several immune derangements induced by alcohol that may be associated with liver
damage. Previous studies have demonstrated the immune
modulatory effect of OS and M1 soy extracts,28 and these
results support the notion that a similar anti-inflammatory
effect may underlie the glucose protective effect noted
in the present study. In summary, OS and M1 soy-derived
extracts exert hepatoprotective and glucose protective
effects in models of alcohol-induced liver damage as well
as SSB-mediated increases in serum glucose levels. These
beneficial effects were associated with an immunomodulatory
effect. The strategy of adding protective compounds into
potentially harmful drinks could provide an additional safety
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measure to educational interventions for the prevention of
alcohol and SSB health-related problems.
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