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Abstract

This study investigated the beneficial effects of crude saponins from soybean cake on body weight and glucose
tolerance in high-fat (37% calories from fat) diet fed C57BL/6 mice. The mice were supplemented with three
doses of saponins (0.5%, 1.0%, and 1.5%, wt/wt) and 1.0% Garcinia cambogia (wt/wt), positive control for 9
weeks. The body weight, visceral fat weight and epididymal adipocyte area were significantly reduced in the
saponin supplemented groups in a dose dependent manner compared to the high—-fat group. Saponins did not
significantly affect food intake; however, cambogia significantly lowered food intake compared to the high—fat
fed control group. The crude saponins from soybean cake supplement significantly lowered plasma leptin,
triglyceride and total cholesterol levels, whereas they significantly elevated the fecal excretion of triglyceide
in a dose dependent manner compared to the high—fat group. Cambogia did not affect the fecal excretion of
lipid in the diet-induced obese mice. Supplementation of 1.5% saponin reduced the hepatic triglyceride content
compared to the high-fat group. High-fat induced glucose intolerance with the elevation of blood glucose levels
compared to the normal group; however, the saponins supplement significantly improved postprandial glucose
levels. After 9 weeks of being fed a high—fat diet, the mice presented with significantly increased activities
of hepatic fatty acid synthase and fatty acid B-oxidation; however, saponins and cambogia normalized these
activities. These results indicate that saponins from soybean cake exhibit a potential anti-obesity effect and
may prevent glucose intolerance by reducing body weight and plasma lipids, increasing fecal lipid excretion
and regulating hepatic lipid metabolism in high-fat fed mice.
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Table 1. Composition of the experimental diet

Holy HE wiwnhgro] AFI Ugsel VAL 9% 41

(g/100 g diet)

Ingredients Groups
NC HF HF-0.5S HF-1.0S HF-1.5S HF-1.0G

Casein 20.0 20.0 20.0 20.0 20.0 20.0
Corn starch 50.0 34.0 335 33.0 325 33.0
Sucrose 15.0 15.0 15.0 15.0 15.0 15.0
Cellulose 5.0 5.0 5.0 5.0 5.0 5.0
Corn oil 5.0 3.0 3.0 3.0 3.0 3.0
Beef tallow - 18.0 18.0 18.0 18.0 18.0
AIN-mineral mixture” 35 35 35 35 35 35
AIN-vitamin mixture” 1.0 1.0 1.0 1.0 1.0 1.0
pL~Methionine 0.3 0.3 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2 0.2 0.2
Soybean cake saponin - — 0.5 1.0 1.5 —
Garcinia cambogia — — — — — 1.0
kcal/100 g diet 416.0 503.0 518.0 515.0 509.0 500.0
Calories from fat (%) 11.0 37.0 37.0 37.0 37.0 37.0

YMineral mixture according to AIN-76. ?Vitamin mixture according to AIN-76.
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Table 2. Effect of crude saponins from soybean cake on body weight in mice fed a high-fat diet (g)
NC HF HF-0.5S HF-1.0S HF-1.5S HF-1.0G

0 week 18.39+0.28" 18.49+0.21 18.37+0.21 18.35+0.22 18.35+0.15 18.38+0.19
1 week 19.50+0.25 19.86+0.43 19.54+0.29 18.74+0.42 19.19+0.17 19.45+0.27
2 weeks 21.11+£0.21 , 21.31+£0.40 20.67+0.30 20.48+0.39 20.87+£0.21 20.97+0.33
3 weeks 22.13+0.22" 23.06+0.38" 22.15+0.44° 21.89+0.40" 22.05+0.18" 22.25+0.32°
4 weeks 23.57+0.31% 25.45+0.48" 23.62£0.50" 23.39+0.48" 23.32+£0.11% 23.55+£0.39"
5 weeks 24.61£0.32° 27.66+0.38" 24.91 £0.54° 23.86+£0.48" 23.98+0.20° 24.59+0.47"
6 weeks 25.63+0.46° 28.73+0.72" 25.99+0.59* 25.21+0.78" 25.66+0.51* 25.87+0.61°
7 weeks 26.29+0.56° 29.91+0.68" 27.21+0.83" 26.45+0.87" 26.49+0.65" 27.00+0.59"
8 weeks 27.63+£0.60" 31.45+0.74° 28.84+£0.72° 28.06£0.70" 27.36£0.73" 27.70£0.72*
9 weeks 28.57+0.62° 32.46+0.70° 29.50+0.76" 28.93+0.71* 27.52+0.53" 28.04+0.65"

"Mean+SE (n=8).

YMeans in the row not sharing a common letter are significantly different between groups (p<0.05).

Table 3. Effect of crude saponins from soybean cake on food intake, energy intake and visceral fat weight in mice fed a

high—fat diet

Food intake Energy intake

WATY weight (mg/g)

(g/day) (kcal/day) Epididymal Perirenal Total”
NC 4.09+0.107 17.05+0.44° 32724256 18.11+1.64" 50.83+4.06
HF 3.80£0.05" 19.34+0.22° 48.64+2.96" 22.40+1.18 71.04+3.77
HF-05S 3.80+0.16™ 19.69+0.85" 47.05+4.59™ 19.96+1.77™ 67.03+6.13"
HF-1.0S 3.97+0.10™ 20.46+0.53" 44,58 +2.08" 18.82+1.18"™ 63.41+3.06™
HF-15S 3.71£0.10™ 18.89+0.51" 37.04+4.99" 14.14+2.73° 51.18+7.70
HF-1.0G 3.42+0.11¢ 17.11£0.59° 40.63+2.44™ 16.83+£1.07" 57.46+3.44"

YWhite adipose tissues. “Epididymal WAT + Perirenal WAT.

YMean+SE (n=8).
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Fig. 1. Effect of crude saponins from soybean cake on body
weight gain in mice fed a high-fat diet. Mean+SE (n=8).
Means not sharing a common letter are significantly different be—
tween groups (p<0.05).
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Fig. 2. Effect of crude saponins from soybean cake on lipid
droplet area of epididymal adipocytes in mice fed a high-fat
diet. Mean+ SE (n=8). Means not sharing a common letter are
significantly different between groups (p<0.05).

o2 dHA AN(32), FnBFA Axe] WHS =3
I AP 2T AA E HA o] AFaditol HlEhe]
2 Bgrou) gl Axdel Folszel oEA
A E @A o] AolRth AR FHL ofe) tjxb
= 2% 247 dyX goruz tFuk A
AW 4 g APAEL Fof A= AL 2]
}

Aoz Ao U F Ude AL A}

(IR

RUCHOH @ o door® fr
s

/k]o]}\-] o B]U]—U]-O_/_R__,] %3 o]' E@JE/]_ @_
@& Fig. 30 YeR At a2 o] Fof
7 8o Ae e Aodtel wlske] of 2u) A= Fro) 3
07 Ftou gFu AlEd Fo2 fejH oz vyt

AFd WFsdd mAEs IF 43

i

HF-0.58 HF-1.0S HF-1.5S HF-1.0G

Plasma leptin level (ng/mL)

Fig. 3. Effect of crude saponins from soybean cake on plasma
leptin concentration in mice fed a high—fat diet. Mean+SE
(n=8). Means not sharing a common letter are significantly differ—
ent between groups (p<0.05).

2 @99 AW FEE AW FAYF BAgo) o)
(3D, Wb o Y e A
ag) WA e HEoeA 3

Jes A g

r_vl 27:,
N
oo _i‘
~ oL,
o, ol
o
o
= pr
X, to Ho
o
X,

Y ofM
1o
Ral
1]
=2
=]
Rl
Ir
02

il
£
2
‘101‘ l]0||

Table 4, 59} 2t}
= ]/\Eﬂi -o‘l-aol:g _TI_X]H]—EH}_

L2uf o} 144 fojHo =z &gt
ok a2y i ALE Y] RE Fo] SFEoAM ] F

)
e oy
%
ot
o
e
o
=
in)
o
fr

> ol
e
ofy
ox
X
i

=l
-li of

Table 4. Effect of crude saponins from soybean cake on
plasma lipid concentrations in mice fed a high-fat diet
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UMean=+SE (n=8).

YMeans in the column not sharing a common letter are sig—
nificantly different between groups (p<0.05).

Table 5. Effect of crude saponins from soybean cake on hepatic and fecal lipid contents in mice fed a high-fat diet

(mg/g)
Liver Feces
Triglyceride Cholesterol Triglyceride Cholesterol

NC 15.364+1.32V42 2.67+0.31° 54.00+£4.12 208.80+8.11°

HF 20.63+3.16 3.46+0.14° 12852+19.16" 198.17+18.21°
HF-05S 20.67+4.72% 3.02+0.18% 186.62+12.04¢ 228.53+19.28"
HF-1.0S 18.67+2.44™ 3.07£0.06™ 295.29+5.59° 194.90+21.90
HF-1.5S 13.76 £4.80° 3.20+0.18 352.14+17.03° 203.93+23.10
HF-1.0G 24.44+4.57 4724018 175.19+2.35™ 250.77+11.77"

UMean=+SE (n=8). ?Means in the column not sharing a common letter are significantly different between groups (p<0.053).
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Table 6. Effect of crude saponins from soybean cake on
hepatic FAS and B-oxidation activities in mice fed a high-

fat diet (nmol/min/mg protein)

FASY B-Oxidation
NC 0.50+0.077% 33.22+2.83"
HF 15740.13° 4201 +1.45°
HF-0.5S 0.91+0.07° 29.98+0.70%
HF-1.0S 0.85+0.11" 28.89+1.51°
HF-1.5S 0.71£0.04 29.73+2.53"
HF-1.0G 0.84+0.17 28.67+2.00°

YFAS, fatty acid synthase; B-oxidation, fatty acid B-oxidation.

“Mean+SE (n=8).

YMeans in the column not sharing a common letter are sig-
nificantly different between groups (p<0.05).
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Fig. 4. Correlation between FAS activity and B-oxidation
activity in liver.
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Table 7. Effect of crude saponins from soybean cake on glucose tolerance test in mice fed a high-fat diet (mg/dL)
0 min 30 min 60 min 120 min
NC 134.50+5.66"* 192.75+6.11° 196.00+6.61" 174.85+13.86°
HF 154.85+£2.79 250.28 +17.56" 230.00+15.13" 201.94+7.10
HF-0.58 152.62+6.80" 257.87+16.91" 223.00+15.87" 162.37+6.39"
HF-1.0S 148.00+£8.73% 220.25+10.74" 212.00+6.02® 173.62+7.55"
HF-15S 133.50+4.90° 191.87+8.23" 176.75+11.24™ 149.87+8.33"
HF-1.0G 130.37+3.45 195.87+13.79* 193.00+15.62% 147.00+9.26

"Mean+SE (n=8). ?Means in the column not sharing a common letter are significantly different between groups (p<0.05).
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Fig. 5. Effect of crude saponins from soybean cake on blood
glucose levels in mice fed a high-fat diet. Mean+SE (n=8).
Means not sharing a common letter are significantly different be—
tween groups (p<0.05).
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