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Objective: Postpartum women are at an increased risk for obesity and metabolic diseases because of excessive
weight gain during pregnancy and weight retention after delivery. Maintenance of good nutrition and regular
physical activity is used as a therapeutic approach for promotion of health and well-being in postpartum women.
The aim of this study is to assess the independent and additive effects of isolated soy protein (ISP) and strength
exercise training (ET) on weight management, exercise performance and health maintenance in postpartummice.
Design and methods: Thirty-two postpartum mice (ICR, 14-weeks old) were divided into four groups (n= 8 per
group): Group 1 mice were the sedentary control with vehicle (SC), Group 2 mice were the sedentary control
with ISP supplementation (8.95 g·kg−1, SC + ISP), Group 3 mice received vehicle with exercise training (ET)
and Group 4 mice received isolated soy protein with exercise training (ISP + ET). Animals in the ET and ISP +
ET groups underwent strength exercise training for 6 weeks, 5 days a week. Exercise performance was evaluated
by forelimb grip strength and exhaustive swimming time, as well as by changes in body composition and
biochemical parameters at the end of the experiment.
Results: Combined intervention of ISP and ET increased lean muscle mass and prevented body weight and fat
elevation. The grip strength and exhaustive swimming time of the ISP + ET group were significantly higher
than the other groups. The ISP + ET group showed significantly decreased serum levels of lactate, ammonia and
creatinine phosphate kinase (CPK), and increased glucose level after the 15-min swimming test. The serum levels
of aspartate transaminase (AST), triglyceride (TG) and creatinine after sacrificewere significantly decreased in the
ET+ ISPgroup. ISP combinedwith ET promoted fat oxidation inbrownadipose tissue (BAT) as evidenced from the
increased utilization of plasma and BAT tissue triglyceride.
Conclusions: We suggest that long-term supplementation with ISP can have a wide spectrum of bioactivities on
health promotion, performance improvement and fitness. ISP with ET conferred better energy utilization,
improved biochemical profiles and may be an effective ergogenic aid in strength training.
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1. Introduction

The retention of weight in women after postpartum is an important
issue. Research has suggested that excessive weight gain is common
during pregnancy and women who retain those extra weight also face
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inotransferase; ALT, alanine
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an increased risk of long term overweight problem [1,2]. Study shows
that parous women who gain excessive weight have a steeper weight
trajectory, gainingmore from1 y follow-up to 15 y follow-up [1]. Studies
indicate that excessive weight gain in postpartum women is associated
with obesity-related diseases including gestational diabetes, high blood
pressure and cardiovascular (CVD). Gestational diabetes should be an
element of care planning during and after the postpartum period
because of the high risk of developing Type 2 diabetes mellitus [2–5]. A
few studies recommend regular physical activity as a way to maintain
healthy weight during the pregnancy and postpartum period [2].
Suitable exercise training combined with diet modification could pro-
duce sustained improvements in glucose metabolism and weight loss
among overweight and obese lactating women. It also decreases the
risk factors for cardiovascular diseases and type 2 diabetes [6,7]. Physi-
cians, nurses or dieticians who care for women after childbirth may
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assess an individual's fitness goals and ability to perform strength
physical training and support them with suitable nutritional advice.

Dietary soy protein has been investigated for its nutritional proper-
ties and multiple effects in physiology [8]. Soy protein is associated
with clinically significant weight loss and improvement in several
parameters of cardiometabolic risk [9]. In research, animal models of
obesity demonstrate that soy consumption during a hypocaloric diet,
promotes greater weight and fat loss [10–12]. Furthermore, soy protein
isolates β-conglycinin and glycinin, also have a strong effect in lowering
cholesterol [13]. Several reviews have pointed out that soy isoflavones
from soybeans are useful for the prevention or maintenance of bone
loss, because isoflavones are associated with estrogen synthesis, which
is protective of bone turnover and bone mineral density [14,15].

Studies in postpartum mice that focus on the relationship between
weight control and health after exercise training have mostly been
epidemiological review. In this study we aim to investigate the benefi-
cial effects of isolated soy protein and exercise training on body compo-
sition, biochemical profiles and physical performance in postpartum
mice. ISP supplementmaybehelpful forwomen inweightmanagement
and health maintenance after pregnancy.

2. Materials and methods

2.1. Material animals and treatment design

Isolated soy protein was purchased from Best Jet Biotechnology/
Gogodone Co. Ltd. (New Taipei City, Taiwan). The nutrients and amino
acids present in the ISP product were analyzed by SGS Taiwan, Ltd.
(New Taipei City, Taiwan) (Table 1). Thirty-two 14-week-old female
Institute of Cancer Research (ICR) mice raised under specific pathogen-
free (SPF) conditions were used in this study. All animals were given
standard laboratory chow diet (No. 5001, PMI Nutrition International,
Brentwood, MO) and distilled water ad libitum. The mice were housed
Table 1
Nutrient composition of ISP.

Amino acids g/40 g %

Protein 23.2 64.44
Fat 0.8 5.00
Carbohydrate 11 30.56
Total calories 144.2 kcal
Alanine 0.88 3.93
Arginine 1.89 8.43
Aspartic acid 2.69 12.00
Cysteine 0.26 1.16
Glutamic acid 4.81 21.46
Glycine 0.94 4.19
Histidine* 0.63 2.81
Isoleucine*# 1.2 5.35
Leucine*# 1.08 4.82
Lysine* 1.50 6.69
Methionine* 0.28 1.25
Phenylalanine* 1.26 5.62
Proline 1.18 5.27
Serine 1.12 5.00
Threonine* 0.49 2.19
Tryptophan* 0.27 1.20
Tyrosine 0.79 3.53
Valine*# 1.14 5.09
Total AA 22.41 100
Total EAA* 7.81 36.19
Total BCAA# 3.42 15.26

Isoflavones mg/40 g

Daidzin 1.5
Daidzein 2.0
Genistin 4.5
Genistein 4.0

Essential amino acids (EAA) are denoted by *.
Branched chain acids (BCAA) are denoted by #.
at the National Taiwan Sport University's animal facility with a 12-h
light-dark cycle, 25 ± 1 °C room temperature and 50%–60% humidity.
Eighteen days after postpartum, mice were acclimatized for 3 days
to the environment and diet. Experiments commenced at 21 days post-
partum. The Institutional Animal Care and Use Committee (IACUC) of
National Taiwan Sport University approved all animal experimental
protocols and the study conformed to the guidelines of protocol IACUC-
10528 approved by the IACUC ethics committee. All procedure adhered
to the American College of Sports Medicine animal care standards.

Animals were randomly divided into four groups (8mice per group)
for ISP supplementation and/or ET as follows: 1) sedentary control with
vehicle (SC), 2) sedentary control with ISP supplementation (SC+ ISP),
3) exercise training with vehicle (ET) and 4) exercise training with ISP
supplementation (ET + ISP). Water consumption, food intake and
animal weights were recorded twice a week.

2.2. ISP supplementation

Mice in the SC + ISP and ET + ISP groups were given ISP by oral
feeding twice per day (before and 30 min after exercise training). The
recommended use of ISP for human is about 40 g per day with normal
diet and physical activity. The mouse ISP dose (8.95 g/kg) used in this
study was converted from a human equivalent dose on the basis of
body surface area by the following formula from the US Food and Drug
Administration (availablefromhttp://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/ucm078932.pdf).
Assuming a human weight of 60 kg, the human equivalent dose for
43.8 g × 60·kg−1 (0.73 g/kg) = 0.73, 0.73 × 12.3 = a mouse dose of
8.95 g·kg −1; the conversion coefficient 12.3 was used to account for
differences in body surface area between a mouse and a human.

2.3. ET protocol

Animals in the ET and ET + ISP groups underwent exercise power
training following the training protocol in Fig. 1A. They were placed in
a plastic container (65 cm high, 20 cm in diameter) with tap water
15–16 cm deep maintained at 30 ± 1 °C. The loading weight was
gradually increased from 3% to 35% of the animal's body weight.

2.4. Exhaustive swimming exercise

The endurance performance was evaluated by an exhaustive swim-
ming test. After 6 weeks of ISP supplementation and ET training, a
mouse was selected from each group and a lead sheet (5% of mouse
Fig. 1. Diagram of the strength exercise training set-up. Mice were placed in a plastic
container (65 cm high, 20 cm in diameter) with tap water 15–16 cm deep maintained
at 30 ± 1 °C.

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm078932.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm078932.pdf


Fig. 2. (A) The training programof 6-wk ET. (B) Effect of ISP supplementation and 6-wk ET
on body weight. Data are expressed as mean ± SEM for n = 8 mice in each group.
Different letters (a, b) indicate significant difference at P b 0.05. Main-effect P values and
interaction between ISP and ET by two-way ANOVA are indicated.
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bodyweight) attached to its tail. Eachmousewas evaluated in a columnar
swimming pool (65 cm high, 20 cmdiameter, 40 cmdeep)maintained at
28 ± 1 °C. The endurance performance for each mouse was measured as
the swimming time, recorded from the beginning to exhaustion, which
was determined by the observation of uncoordinated movements and
failure to swim to the surface within 7 s [16].

2.5. Forelimb grip strength

A low-force testing system (Model-RX-5; Aikoh Engineering,
Nagoya, Japan) was used to measure forelimb grip strength of mice
undergoing the indicated treatments. The amount of tensile force was
measured by a force transducer equipped with a metal bar (2 mm in
diameter, 7.5 cm long) for each mouse. The detailed procedure was
described in our previous report [16]. The test of forelimb grip strength
was performed after administration of the indicated ET protocol and ISP
supplementation for 6 weeks. Themaximal force (grams) recordedwas
used as an indicator of absolute grip strength.

2.6. Fatigue-associated biochemical variables

The effect on fatigue-associated biochemical indexes, based on our
previous reports [16]. The blood sampled immediately after 15 min of
acute exercisewas tested tomeasure glucose, lactate, creatine phosphate
kinase (CPK) and ammonia levels. The blood samples were centrifuged
at 1000 ×g and 4 °C for 15 min after serum separation and analyzed
using an autoanalyzer (Hitachi 7060, Hitachi, Tokyo, Japan).

2.7. Tissue sample preparation

After the exercise training finished, the mice were sacrificed. The
target organs and tissues collected include the heart, liver, lungs, kidneys,
muscle tissue, uterine fat pads (UFP) and brown adipose tissue (BAT).
Organs and tissues were carefully excised, rinsed in saline solution and
blotted dry. The whole weight and the specific tissue weight (%) relative
to individual body weight were recorded and calculated.

2.8. Blood biochemical assessments

After the experiments, blood samples were immediately collected
from the submandibular duct of each mouse from the treated groups
and centrifuged at 1500×g, 4 °C for 10min for serumpreparation. Clinical
biochemical assessment of AST, ALT, albumin, total protein (TP), blood
urea nitrogen (BUN), creatinine, CPK, UA, TC, TG and glucose levels
were analyzed using an autoanalyzer (Hitachi7060, Hitachi, Tokyo,
Japan).

2.9. Glycogen content analysis

Since liver and skeletalmuscles are the twomajor tissues for glycogen
deposition, we investigated whether glycogen contents of these two
target tissues could be elevated. Liver and muscle tissues were excised
and stored in −80 °C for glycogen content analysis as described
previously [16].

2.10. Histological staining of tissues

Collected liver, muscles, lungs, kidney, and heart were fixed in 10%
formalin for 24 h, cut transversely or longitudinally to obtain ventricular
sections or longitudinally to obtain ventricular sections or four-chamber
cross-sections. Tissues were embedded in paraffin and cut into 4-μm-
thick slices for morphological and pathological evaluation. Sections
were stained with hematoxylin and eosin (H&E) and examined using a
light microscope equipped with a CCD camera (BX-51, Olympus,
Tokyo, Japan). The area of UFP tissue was traced manually and
intracellular lipid vacuoles in the BAT on the H&E-stained slides
calculated using the ImageJ software (National Institutes of Health,
Bethesda, MD).

2.11. Statistical analysis

Data are expressed as mean ± SEM. Two-way ANOVA was used to
assess the effect of the ET and ISP supplementation on general mouse
characteristics, including body weight, organ weight, biochemical
values, swimming exhaustion times and grip strength. Tukey HSD
test was used to compare individual means among treatment groups.
P b 0.05 was considered statistically significant and statistical analyses
was carried out using SAS v9.0 (SAS, Cary, NC, USA).

3. Results

3.1. Effect of ISP supplementation and ET on body and organ weight

The initial body weights for SC, SC + ISP, ET and ET + ISP groups
were 39.4 ± 0.8 g, 39.8 ± 0.8 g, 39.9 ± 1.0 g, and 39.3 ± 0.9 g, respec-
tively, with no difference between groups (Fig. 2B). After a 2-wk ET and
ISP supplementation, the body weight was 6.1% lower in the ET + ISP
than SC group (P = 0.0254). The 2-wk body weight was lower with
ISP supplementation than ET alone (P = 0.0225). The body weights
were lower by 8.6% (P = 0.0164), 6.5% (P = 0.1008) and 9.4% (P =
0.0079) in the SC + ISP, ET and ET + ISP groups respectively, than
with SC group. However, there was no significant difference in the
2-wk and final body weights among the SC, SC + ISP and ET groups.



Table 2
General characteristics of the experimental groups.

Characteristic SC SC + ISP ET ET + ISP P Values

Main effect of ISP Main effect of ET Interaction (ISP× ET)

Food intake (g/day) 5.56 ± 0.16a 5.46 ± 0.20a 5.57 ± 0.33a 5.51 ± 0.29a 0.2562 0.7399 0.7706
Water intake (mL/day) 7.72 ± 0.16a 7.03 ± 0.20a 10.02 ± 0.33c 9.17 ± 0.29b 0.0032 b0.001 0.7556
Liver (g) 2.10 ± 0.04a 1.97 ± 0.06a 1.98 ± 0.08a 1.95 ± 0.04a 0.172 0.2014 0.3463
Muscle (g) 0.33 ± 0.006a 0.33 ± 0.006ab 0.34 ± 0.009ab 0.35 ± 0.011b 0.1309 0.0745 0.5103
Kidney (g) 0.46 ± 0.010b 0.45 ± 0.015 ab 0.45 ± 0.11ab 0.42 ± 0.010a 0.1738 0.1441 0.2922
Heart (g) 0.21 ± 0.007a 0.21 ± 0.006a 0.21 ± 0.006a 0.20 ± 0.006a 0.4924 0.9216 0.207
Lung (g) 0.23 ± 0.007a 0.24 ± 0.008a 0.24 ± 0.006a 0.23 ± 0.003a 0.6858 0.8395 0.5446
UFP (g) 0.65 ± 0.083b 0.35 ± 0.029a 0.33 ± 0.046a 0.33 ± 0.027a 0.0055 0.0032 0.0079
BAT (g) 0.08 ± 0.006a 0.08 ± 0.006a 0.08 ± 0.009a 0.08 ± 0.011a 1.0000 0.5071 1.0000
Relative liver weight (%) 5.5 ± 0.138a 5.4 ± 0.097a 5.5 ± 0.075a 5.4 ± 0.086a 0.6111 0.771 0.9419
Relative muscle weight (%) 0.86 ± 0.020a 0.91 ± 0.020a 0.92 ± 0.020a 0.99 ± 0.017b 0.003 0.0018 0.4143
Relative kidney weight (%) 1.22 ± 0.027a 1.23 ± 0.050a 1.23 ± 0.017a 1.14 ± 0.030a 0.2671 0.2099 0.1158
Relative heart weight (%) 0.51 ± 0.024a 0.58 ± 0.018b 0.56 ± 0.021ab 0.52 ± 0.016ab 0.6266 0.8075 0.0133
Relative lung weight (%) 0.60 ± 0.016a 0.67 ± 0.027b 0.66 ± 0.020ab 0.66 ± 0.017ab 0.0973 0.2749 0.136
Relative UFP weight (%) 1.69 ± 0.194a 1.15 ± 0.056b 1.07 ± 0.162b 0.94 ± 0.083b 0.0204 0.0048 0.1305
Relative BAT weight (%) 0.22 ± 0.020a 0.22 ± 0.020a 0.24 ± 0.020a 0.23 ± 0.017a 0.8422 0.1706 0.5516

Data are expressed asmean±SEM forn=8mice in eachgroup. Different letters (a, b) indicate significant difference at P b 0.05.Main-effect P values and interaction between ISP and ETby
two-wayANOVA are indicated.Musclemass include both gastrocnemius and soleusmuscles in the backpart of the lower legs. BW: bodyweight; UFP: uterine fat pads; BAT: brown adipose
tissue. Data in bold indicate significant P value.
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The final body weight was lower with ISP supplementation than ET
alone (P = 0.0138).

The food consumption, water intake and body compositions are
summarized in Table 2. The food intake was not significantly different
among the four groups. The water intake of the ET and ET+ ISP groups
were significantly higher by 23.0% (P b 0.0001) and 29.8% (P = 0.0001)
respectively, as compared with vehicle group. There was no significant
difference among the SC and ISP groups. The main effect of ISP supple-
mentation was a difference in water intake (P = 0.0032). ET led to
an increase in water intake (P b 0.0001). The muscle weight of the
ET + ISP group was significantly higher (8.1%, P = 0.0228) than the
SC group. The relative muscle weight (%) was greater in the ET + ISP
group than the SC, SC + ISP and ET groups by 13.1% (P b 0.0001), 8.6%
(P = 0.0053) and 8.0% (P = 0.0075), respectively. Kidney weight was
lower by 7.4% (P = 0.0499) for the ET + ISP than SC group, with no
difference in relative kidneyweights (%) among groups.Weight of uterine
fat pads (UFP) was significantly lower in the SC + ISP, ET, and ET + ISP
groups than SC group by 46.6% (P = 0.0003), 48.4% (P = 0.0002) and
49.5% (P = 0.0001) respectively, with a slight interaction between ISP
supplementation and ET (P = 0.0079). The relative UFP weight (%)
was lower in the SC + ISP, ET, and ET + ISP groups than SC group by
32.3% (P=0.0057), 37.1% (P=0.0020) and 44.3% (P=0.0004), respec-
tively. Overall, the main effect of ISP supplementation was decreased
Fig. 3. Effect of ISP supplementation and 6-wk ET on (A) uterine fat pads (UFP) area (mm2). (B
letters (a, b) indicate significant difference at P b 0.05. Main-effect P-values and interaction bet
UFP weight (P = 0.0055) and relative UFP weight (P = 0.0204), and
increased relative muscle weight (P = 0.0030). The main effects of ET
were decreased UFP weight (P=0.0032), decreased relative UFP weight
(P= 0.0048) and increased relative muscle weight (%) (P= 0.0018).

The area of UFP tissue was calculated (Fig. 3B) and observed UFP
morphology shown in Fig. 3A. The UFP areas for SC, SC + ISP, ET and
ET + ISP groups were 267.3 ± 24.78 mm2, 200.9 ± 10.01 mm2, 173.1 ±
14.18 mm2 and 170.2 ± 11.71 mm2, respectively. Compared with
the SC group, SC + ISP, ET and ET + ISP groups showed decreased
UFP area by 24.8% (P = 0.0003), 35.2% (P = 0.0073) and 36.3% (P =
0.0002), respectively. ISP supplementation could significantly decrease
UFP area (P = 0.0417) via the main effect of ISP supplementation. The
main effect of ET alone was decreased UFP area (P = 0.0006).

3.2. Effect of ET and ISP supplementation on physical performance

The two physical performance tests included forelimb grip strength
and exhaustive swimming exercise. As shown in Fig. 4A, the forelimb
grip in the SC, SC + ISP, ET, and ET + ISP groups were 124 g, 137 g,
128 g and 147 g, respectively. Absolute and relative grip strength were
greater by 1.19- (P = 0.0004) and 1.15-fold (P = 0.0029), and were
greater by 1.18- (P= 0.0021) and 1.13-fold (P= 0.0149), respectively,
in the ET + ISP group than the SC and ET group (Fig. 4). ISP
) View of UFP. Data are expressed as mean ± SEM for n = 8mice in each group. Different
ween ISP and ET by two-way ANOVA are indicated.



Fig. 4. Effect of ISP supplementation and 6-wk ET on (A) forelimb grip strength and (B) relative forelimb grip strength. Data are expressed as mean ± SEM for n = 8mice in each group.
Different letters (a, b and c) indicate significant difference at P b 0.05. Main-effect P values and interaction between ISP and ET by two-way ANOVA are indicated.
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supplementation could significantly increase absolute (P=0.0005) and
relative grip strength (P=0.0059) via the main effect of ISP supplemen-
tation. In the swimming test, the exercise endurance levels of the SC, SC
+ ISP, ET, and ET + ISP mice were 7.76 min, 9.53 min, 10.36 min, and
12.73 min, respectively (Fig. 5). The swimming time of the ET + ISP
group was significantly higher (1.64-fold, P = 0.0094) than the SC
group. The main effect of ET improved swimming time (P = 0.0292).
However, there was no significant difference in swimming times among
the SC, SC + ISP and ET groups.

3.3. Effect of ISP supplementation and ET on exercise fatigue-related
indicators after acute exercise

The lactate, ammonia, glucose and CPK levels in the blood of the
mice groups were measured. The measurements were conducted after
swimming with a constant workload and the results shown in Fig. 6.
Serum lactate concentrations were significantly lower by 35.2% and
33.0% in the ET and ET + ISP groups than the SC group (Fig. 6A). As
shown in Fig. 6B, serum ammonia levels of SC + ISP, ET and ET + ISP
groups were significantly lower by 16.5% (P = 0.0048), 17.8% (P =
0.0027) and 20.6% (P = 0.0007), respectively, as compared with the
SC group. Fig. 6C shows that levels of serum glucose with the ET and
ET + ISP groups respectively were significantly higher by 17.5% and
19.5% (P = 0.0003, P b 0.0001) than the SC group. CPK level with SC,
SC + ISP and ET groups respectively was significantly higher by 56.1%
(P = 0.002), 43.8% (P = 0.047) and 52.5% (P = 0.0064) than the ET +
ISP group. ISP supplementation could significantly reduce serum levels
of ammonia (P = 0.0169) and CPK (P = 0.0052) via the main effect of
ISP supplementation. The main effect of ET alone was decreased
Fig. 5. Effect of ISP supplementation and 6-wk ET on exhaustive swimming test. Data are
expressed as mean ± SEM for n = 8 mice in each group. Different letters (a, b) indicate
significant difference at P b 0.05. Main-effect P-values and interaction between ISP and
ET by two-way ANOVA are indicated.
serum levels of lactate (P b 0.0001) and ammonia (P = 0.0078) and
increased glucose levels (P b 0.0001).

3.4. Effect of ISP supplementation and ET on biochemical assessments

Biochemical results at the end of the experiment could provide
clinical information about the health status of test animals. Levels of
biochemical indices including ALT, Albumin, TP, CPK, UA, TC, and
glucose, did not differ among groups (P N 0.05, Table 3). The AST level
was significantly lower by 17.8% (P = 0.043) in the ET than SC group,
with no significant difference between SC + ISP and ET alone groups.
Serum BUN levels of SC + ISP and ET + ISP groups were significantly
higher by 20.5% (P = 0.0143) and 19.1% (P = 0.024) respectively, as
compared with the SC group. Level of creatinine in the SC + ISP,
and ET + ISP groups were 23.2% (P = 0.0078) and 26.2% (P = 0.0031)
respectively, significantly lower than that of the SC group. Serum levels
of TG in the SC+ ISP, ET and ET+ ISP groups were 18.0% (P=0.0142),
17.8% (P=0.013) and 17.2% (P=0.0175), significantly lower than that
of the SC group. Overall, the main effect of ISP supplementation de-
creased serum levels of AST (P b 0.001) and creatinine (P = 0.0026)
and increased level of BUN (P b 0.001).We found significant interaction
between ISP supplementation and ET for levels of AST (P = 0.0405).

3.5. Effect of ET and ISP Supplementation on Tissue Glycogen Determination

Glycogen content in the liver and skeletal muscles of mice are shown
in Fig. 7. Liver glycogen level did not differ among the four groups as seen
in Fig. 7A. Fig. 7B shows thatmuscle glycogen of the ET+ ISP groupwere
1.88-, 1.80- and 2.21-fold (P b 0.0001) higher than those of the SC, SC +
ISP and ET groups. There was no significant difference between the SC,
SC + ISP and ET groups. The muscle glycogen index demonstrated
significant ISP supplementationmain effect (P b 0.0001), ET main effect
(P = 0.0048) and interaction effect (P = 0.0001).

3.6. Effect of ET and ISP supplementation on histology

As seen in Fig. 8, the four groups did not differ in the histological
observations of the liver, kidney, heart, lung, muscle and UFP. The
arrangement of sinusoid and hepatic cords in liver showed no changes
with ISP or exercise training intervention (Fig. 8A). The structure of
renal tubules and glomerulus did not differ among treatments
(Fig. 8B). Hypertrophy and hyperplasia were not observed in heart
cardiomyocytes (Fig. 8C) or rhabdomyocytes of gastrocnemius muscle
(Fig. 8E). All animal showed typical tissue architectures of lung alveoli
by H&E staining (Fig. 8D). In addition, adipose tissue morphology and
fat cell size did not differ between groups (Fig. 8F). Histological exami-
nation of organs showed no apparent damage in any mice.



Fig. 6. Effect of ISP supplementationand6-wkETon serum(A) lactate; (B) ammonia; (C) glucose; and (D) creatinekinase (CPK) levels after acute exercise challenge.Data are expressedasmean±
SEM for n = 8mice in each group. Different letters (a, b) indicate significant difference at P b 0.05. Main-effect P-values and interaction between ISP and ET by two-way ANOVA are indicated.

Table 3
Biochemical analysis at the end of treatment.

Characteristic SC SC + ISP ET ET + ISP P Values

Main effect of ISP Main effect of ET Interaction (ISP× ET)

AST (U/L) 111.4 ± 7.26b 94.9 ± 8.43ab 98.9 ± 6.59ab 91.5 ± 2.92a b0.001 0.072 0.0405
ALT (U/L) 57.3 ± 3.15a 52.8 ± 4.95a 53.5 ± 4.11a 52.0 ± 4.03a 0.4713 0.5883 0.7178
Albumin (g/dL) 2.85 ± 0.02a 2.81 ± 0.03a 2.84 ± 0.06a 2.86 ± 0.05a 0.8783 0.6464 0.4461
TP (g/dL) 5.04 ± 0.08a 5.00 ± 0.05a 5.03 ± 0.08a 5.00 ± 0.46a 0.6459 0.9266 0.9266
BUN (mg/dL) 22.3 ± 1.79a 28.1 ± 1.41b 18.8 ± 1.26a 27.6 ± 1.72b b0.001 0.2074 0.3404
Creatinine (mg/dL) 0.33 ± 0.03b 0.26 ± 0.01a 0.30 ± 0.01ab 0.25 ± 0.02a 0.0026 0.2125 0.4581
CPK (U/L) 326 ± 44.0a 228 ± 21.0a 234 ± 40.9a 266 ± 44.4a 0.3928 0.4933 0.1054
UA (mg/dL) 0.54 ± 0.08a 0.45 ± 0.02a 0.45 ± 0.02a 0.45 ± 0.02a 0.3314 0.3314 0.3314
TC (mg/dL) 127 ± 3.27a 130 ± 5.7a 140 ± 5.96a 129 ± 7.00a 0.5347 0.2749 0.2567
TG (mg/dL) 243 ± 11.82a 199 ± 10.55b 200 ± 13.53b 202 ± 10.62b 0.0807 0.0895 0.0624
Glucose (mg/dL) 144 ± 3.48a 144 ± 4.65a 145 ± 2.58a 142 ± 2.70a 0.6545 0.9001 0.6805

Data are expressed asmean±SEM for n=8mice in each group. Different letters (a, b) indicate significant difference at P b 0.05.Main-effect P values and interaction between ISP and ET by
two-way ANOVA are indicated. Muscle mass include both gastrocnemius and soleus muscles in the back part of the lower legs. AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; TP, total protein; BUN, blood urea nitrogen; CK, creatine phosphate kinase; UA, uric acid; TC, total cholesterol; TG, triacylglycerol.
The statistically significant (P b 0.05) for the bold in this table.

Fig. 7. Effect of ISP supplementation and 6-wk ET on glycogen content in (A) liver and (B) muscle. Data are expressed as mean ± SEM for n = 8 mice in each group. Different letters
(a, b) indicate significant difference at P b 0.05. Main-effect P-values and interaction between ISP and ET by two-way ANOVA are indicated.
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Fig. 8. Effect of ISP supplementation and 6-wk ET onmorphology of (A) liver (B) kidney (C) heart (D) lung (E) skeletal muscle and (G) UFP inmice. Specimens were photographed using
light microscopy. H&E stain, magnification: 100× or 200×; scale bar, 40 or 80 μm.
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3.7. Effect of ET and ISP supplementation on BAT metabolism

Fig. 9 shows the pathological changes by ISP and exercise training
intervention in BAT. The SC group had larger and more numerous lipid
droplets in BAT than the other three groups. The lipid areas of BAT for
SC, SC + ISP, ET and ET + ISP groups were 43.6 ± 0.4%, 21.3 ± 1.07%,
22.6 ± 1.26% and 21.9 ± 1.61%, respectively (Fig. 9B). Compared with
the SC, SC + ISP, ET and ET + ISP groups showed decrease in lipid
areas of BAT by 51.2%, 48.2%, and 49.8%, respectively. Measurement
of the triglyceride content in BAT showed a significant reduction in
the SC + ISP, ET and ET + ISP groups compared to the SC group by
52.4% (P = 0.0001), 51.2% (P b 0.0001) and 48.6% (P = 0.0002),
respectively. For the lipid area and triglyceride content in BAT,
significantly ISP supplementation main effect (P = 0.0417, P =
0.0049), ET main effect (P = 0.0007, P = 0.007) and interaction effect
(P = 0.0005, P = 0.0021) were observed.



Fig. 9. Effect of ISP supplementation and 6-wk ET on the (A)morphology in BAT (B) Lipid droplet-positive area of BAT (C) BAT triglycerides (TG) content. Data are expressed asmean±SEM for
n=8mice in each group. Different letters (a, b) indicate significant difference at P b 0.05.Main-effect P-values and interaction between ISP and ET by two-wayANOVAare indicated. Specimens
were photographed using light microscopy. H&E stain, magnification: 100×; scale bar, 80 μm.
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4. Discussion

We found that after 6 weeks of supplementation, the mice in all
the groups showed a decrease in body weight compared to baseline
(Fig. 2B). Even though the mice in the SC group were inactive and
sedentary, they still had a slight decrease in body weight over the
6 weeks. This is in agreement with previous studies showing that
pregnant mice gain an average of 3–4 g in body weight, and the
weight is lost postpartum over time [17]. The early weight loss
occurs in the first few weeks and seems to be related to the loss of
the placenta and amniotic fluid, as well as contraction of maternal
blood volume and other body components [18]. We observed that
6-wk ET and ISP supplementation was able to significantly lower
the body weight of the mice, compared with the sedentary (SC)
mice (Fig. 2B). ET in combination with ISP appears to accelerate the
speed of weight loss.

High-protein meals (30% of energy from protein) with soy-based
protein sources showed increased appetite control and weight loss
among obese men in a randomized crossover trial [19]. In this study,
wedid notfind adifference in food intake between the 4 groups, showing
that the appetite was not affected. A previous study reported that higher
protein intake could improve postpartum body weight loss and reduce
body fat percentage [20]. In our study, the attenuated body weight in
the mice may be due to a decrease in fatty tissue (Table 2) and uterine
fat area (Fig. 3). Physical activity should bemaintained during pregnancy
and postpartum in order to achieve a healthy weight and prevent nega-
tive health outcomes [21]. Another study suggests that although physical
activity interventions promote postpartum weight loss, the most effec-
tive intervention strategies encompass both physical exercise and dietary
interventions [22]. It is well accepted that intake of protein and exercise
training are key to building muscle mass [23]. Compared to many other
protein sources, ISP is a low-fat source of high-quality protein that can
help build lean muscle mass. Intake of adequate protein quality is a
necessary anabolic driver to maintain muscle mass in the absence of
high volumes of training [24]. In this study, a combination of daily supple-
mentationwith ISP and strength ET is effective in promotingmusclemass
growth and reducing body fat and weight.
Forelimb grip strength is a routine physical examination test. Our
previous study found that muscle strength positively correlated with
forelimb grip strength [25]. In this study, we observe greater grip
strength with the ET + ISP group than other groups. Consistent with
our previous study, whey protein and exercise training could improve
muscle strength [26]. Lower physical activity levels in postpartum
womenmay contribute to lowermuscle strength,weakness and fatigue.
On the other hand, stronger women are less fatigued and demonstrate
better functional mobility [27]. Soy protein is a high-quality, plant-
based protein providing indispensable amino acids necessary for
protein synthesis in the body. Ingestion of soy protein after resistance
exercise is an important strategy to prevent muscle loss or improve
muscle mass and strength. Our experimental results indicate that com-
bining ISP supplementationwith strength training could increasemuscle
mass (Table 2) and benefit grip strength (Fig. 4) during postpartum.

The loaded-swimmingmodel is a reliablemeasure of anti-fatigue ef-
fects used in the field of sports nutrition research [28]. After 6 weeks of
exercise and ISP intervention, the swimming capacity of themice showed
varying amounts of improvement. The improvement was significantly
greater for the ET + ISP group than SC group (Fig. 5). Interestingly,
aerobic capacity and strength is known to decrease physiologically in
the early postpartum period [29]. Evidence suggests that the VO2 max

increases significantly in postpartum women participating in exercise
programs, with concomitant improvement in cardio-respiratory func-
tion [30]. Several studies have indicated that soy protein antioxidants
could curtail exercise training induced free radical damage to the
muscle, either by restricting antioxidant depletion or by enhancing
antioxidant capacity [31,32]. ISP supplementation after ET can enhance
the recovery process during long-term exercise training. Additionally,
ISP might have an anti-fatigue effect and could improve physical
exercise capacity.

Several biochemical parameters have been used to evaluate the
extent of exercise-induced fatigue and injury after exercise, such as
lactate, ammonia, glucose and CPK [33]. During exercise, energy
demand expedites muscular glucose utilization and blood glucose,
which are important fuels for increased ATP production within
contracting skeletal muscle during exercise. When the ATP supply fails
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to meet the consumption of ATP during exercise, the generation of ATP
shifts from aerobic processes to anaerobic glycolysis or glycogenolysis,
resulting in fatigue [34].

Under the conditions of physical training, serum lactate is a biomarker
of muscle fatigue [35]. Serum ammonia closely follows the lactate
response during exercise [36]. During exercise, ammonia is produced
and accumulates in skeletal muscle when AMP is deaminated to IMP by
AMP deaminase (AMPD) during resynthesis of ATP. Ammonia is very
toxic and has harmful influences on the body, including activation of
phosphofructokinase (PFK), the rate-limiting enzyme in glycolysis, and
inhibition of pyruvate oxidation to acetyl-CoA [37]. There is one report
showing that sufu, a traditional Chinese fermented soybean food, could
also modulate serum lactic acid levels after 10 min of swimming. The
enhancement of endurance capacity is attributed to the activity of
isoflavones in the sufu [38]. In this study, strength ET in combination
with daily ISP supplementation for 6 weeks, could significantly modulate
the lactate and ammonia levels after the exercise test.

During exercise, energy demand expedites muscular glucose utiliza-
tion and consequently increases blood glucose disposal [39]. The ET and
ET+ ISP groups exhibited significantly higher levels of glucose than the
SC+ ISP group.We postulate that long-term exercise training increases
the glucose level, thereby increasing energy utilization. The CPK activity
in serum is routinely examined after exercise in sports medicine as a
biomarker of muscle damage [40]. Our study showed that the ET +
ISP group exhibited lower CPK level than the other three groups.
Another study also demonstrated that long-term ingestion of soy
protein maymodulate CPK activity after exhaustive swimming, helping
exhausted rats to rapidly recover athletic ability [41]. The combination
of ISP supplementation and ET, however, did not showan additive effect
on the CPK levels.

In this study, we showed that the ALT and TG levels in the ISP group
were lower than the other groups. In an experimental study with obese
rats, a diet with soy protein isolate favored a lower AST/ALT ratio. The
authors suggested that soy protein enriched with isoflavones had a
favorable effect on the inflammatory status of obesemice [42]. Previous
studies using fructose-induced insulin resistance rat suggest that soy
isoflavones, particularly genistein, are responsible for reducing serum
liver enzymes [43]. As shown in Table 1, the ISP supplement contains
isoflavones, especially genistein. Our results suggest that the effect on
liver enzymes could be due to genistein. Dietary soy protein has been
shown to reduce TG levels and excess body fat, playing important
roles in ameliorating metabolic diseases [44]. This is in agreement
with our results, that long-term training combinedwith ISP supplemen-
tation could reduce TG levels and control postpartum obesity.

Liver and skeletal muscle glycogen are important sources of energy
storage and supply for keymetabolic regulators of exercise [45]. Glycogen
is the predominant source of glycolysis for ATP production. The concen-
tration of glycogen is strongly associated with the degree of fatigue
development during endurance exercise [46].We found the highestmus-
cle glycogen in the ET + ISP group. Our results suggest that soy
protein combined with exercise training could serve as an energy source
to postpartummice in preventing the depletion of energy during exten-
sive exercise.

Histological data related to the pathological effects of long-term
intake of ISP is quite limited, especially with regards to bioactive
doses. We found no changes in arrangement of sinusoid and hepatic
cords with ISP treatment in mice and no hypertrophy or hyperplasia
in heart cardiomyocytes and rhabdomyocytes of gastrocnemius mus-
cles. We also found no difference in structure of renal tubules and glo-
merulus with ISP treatment or alterations in the alveolar, bronchial
and interstitial space. The adipose tissue morphology and fat cell size
did not differ between groups. Histological examination of organs
showed no apparent damage in any mice.

To evaluate the degree of lipolysis, we investigated the microscopic
appearance of BAT. Exercise training has been shown to affect the com-
position and concentration of phospholipids and triglycerides in the
lipidome of rodent BAT [47]. In addition, ISP also modestly promotes
the oxidation of TG, likely by enhancing TG uptake by BAT activation.
Skeletal muscle and BAT are functionally linked, with the interferon
regulatory factor 4 (IRF4) activation in BAT able to inhibit serum
myostatin and increase exercise capacity in muscle [48]. Increasing
BAT thermogenesis may serve as a novel approach to modulate energy
balance, which is primarily dependent on the uncoupling protein 1
(UCP1). Regulation of UCP1 activation could promote energy balance
and prevent obesity [49]. Interestingly, ET and ISP treatment have
similar effects in BAT. Our results are in agreement with another study
where isoflavones from soy, especially daidzein, was able to induce
expression of UCP1 in BAT of rats with concomitant decrease in body
weight and fat mass [50,51]. We suggest that ISP treatment could be a
new effective way to control body weight and visceral fat, leading to
improved metabolic phenotype and energy balance. To our knowledge,
there is no evidence of ISP supplementation increasing brown adipose
tissue metabolic rate or energy expenditure. This mechanism in
postpartum obese mice warrants additional studies and further
investigation.

5. Conclusions

In conclusion, our results suggest that ISP treatment can significantly
reduce bodyweight and regulate lipidmetabolismduring the postpartum
period. ISP affected biochemical assessments with long-term aerobic
swimming (considered an intensive training exercise) and enhanced
exercise performance.We also provide safety evidence from pathological
observations and assessments that consumption ISP is safe during the
postpartum period. It is possible that the addition of ISP to the diet may
provide a viable strategy for improving the health of postpartum
women, especially in combination with physical activity. Additional
studies on ISP supplementation and ET for older postpartum women are
recommended in the future.
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