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Effects of dietary pepsin-treated soybean protein isolate
on rat liver function and bile adids concentration
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Table I. Composition of Diet
component amount (%)
protein* 20
sucrose 63

cellulose powder
soybean oil
mineral mixture**

=~ Ol

vitamin mixture**

* protein used: soybean protein isolate, hyd-
rolyzed soybean protein isolate by pepsin,
**: product of Oriental Yeast Industry Co.

L, BARE, APl X OVNGEZEY LR L/ A
=y VERE, 1 HBEAEZETS 2RSS, A, o
WX VEILL 72,

2 W

miFiE, emzEEs @°C) <1 &HKE#%, 3000
pm, 1I5HREOARET 2 2 Lick VbR

Mi%EEESE L LTiX, Glutamate-Oxaloacetate Trans-
aminase (GOT), Glutamate-Pyruvate Transaminase
(GPT), Alkaline Phosphatase (ALP),
Aminopeptidase (LAP), Lactate Dehydrogenase
(LDH) #31Y, &4 OFEFEMEL ARSI KK RG]
EXxy bERACTHE L, BERIEHE R, ®inH
OFH Tk Ba AT, BIE E T iEE W
(—80°C) ##7F L7z

ARt EE O ERNT, SCEREZ S RRIC L Taptikic
- 218720 (Scheme 1),

MIEPERE T X 2 B0 ERNT, i & AR (IPH-
DL: 0.17M B-F4T 7V a—n&Et 0.2M 7
VR b Y U AREETE pH 2.2) ITTISMEARE, H
SLT 2 ERAYTEE KLA-5 BT THT » 720

2R R AR

1 J v b oRERE IO NEOERE

SPI fr, ~7°v vk SPI £& (Hyd-SPI #) 5k
OHREFRIg AT S N7 v bokEf# % Fig.
1 1% ¥, SPI Alzckb~, Hyd-SPI £TiE7 v ko

Leucine

250
c 200
=
.80
g 150
>
o]
R 100

50F

0 10 20 30
Feeding Period (day)

Fig. 1. Growth Curves of Rats Fed Various Pro-

tein Diets

] (] : soybean protein diet, l}—M :
pepsin-treated soybean protein diet, O——
QO : commercial diet.
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Scheme 1. Determination of Bile Acids in Tissue

Tissue (liver or small intestine)

added physiological salt solution (0.85% NaCl)

homogenized for 1 min with ultra disperser

lyophilized

refluxed for 30 min with 100 ml of 95 % ethanol containing 0.1 % NH,0H
filtered

|
residue
— refluxed for 30 min with the same solvent

— filtered
- 1
exltract residue
— washed with 50 ml of the solvent
— filtered
- [
ext%act residue

evaporated to dryness

dissolved in 3.0-7.0 ml of 0.1 N NaOH

adjusted pH to 11

applied on a Amberlyst A-26 anion exchange column

washed to neutrality with water (about 35 ml)

washed with 20 m! of 95 % ethanol

washed with 20 ml of mixture of ethanol and ethylene chloride (1:1, v/v)
washed with 80 % ethanol

eluted with 150 ml of 0.2 M (NH,),CO;3 in 80 % ethanol

evaporated to dryness

dissolved in 20 ml of 1 N NaOH

hydrolyzed for 4 hours in an autoclav at 15 psi.
acidified to pH 1 with 6 N HC1

extracted 3 times with equal volume of diethyl ether

ether extracts

washed with small portion of H,O until neutral pH

| !
ether phase water phase

bile

— reextracted with about 20 ml of ether
ethcler extract

evaporated to dryness

acids

dissolved in absolute ethanol
evaporated to dryness
added 5 ml of concn. HySO4

immedigtzly heated at 65+0.1 °C for 1 hour with stirring during the first 10 min of heating
perio

cooled in running tap water
measured the intensity of the fluorescence at 485 nm excited at 436 nm
quantified of bile acids compared with the standard curve of cholic acid
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Table II. Body Weight Gain and Food Intake in Rats Fed Various Protein Diets
. . initial body weight final body weight weight gain food intake
dietary protein (2) (£) (2) (g/day)
commercial 56.4 + 1.9 272.9 £ 9.5 215.0 + 9.3 19.6 = 0.65
soybean protein 55.5 £ 1.8 211.4 £ 8.3 155.8 = 6.8 14.1 £ 0.56
hydrolyzed soybean protein 55.1 £ 1.9 186.8 + 3.83 131.7 £ 3.6 13.1 £ 0.38

Values are mean =+ standard error.

Table III.

Liver and Small Intestine Weight in Rats Fed Various Protein

Diets for 31 Days

dietary protein

liver weight
(g/100 g body weight)

small intestine weight
(g/100 g body weight)

commercial

3.95 £ 0.18 4.33 £+ 0.34
soybean protein 4.41 £ 0.25 4.55 £ 0.48
hydrolyzed soybean protein 4.94 £ 0.19 4.61 = 0.15
initial 3.87 £ 0.13 6.23 £ 0.34

Values are mean =+ standard error.
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Fig. 2. Changes of Serum Glutamate-Oxaloacetate
Transaminase Activity in Rats Fed Various
Protein Diets
[O0——17 : soybean protein diet, ll——M :
pepsin-treated soybean protein®diet, O——
O : commercial diet.
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Fig. 3. Changes of Serum Glutamate-Pyruvate
Transaminase Activity in Rats Fed Various
Protein Diets.
[J——] : soybean protein diet, ll—MN :
pepsin-treated soybean protein diet, O——
QO : commercial diet.
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Fig. 4. Changes of Serum Lactate Dehydrogenase
Activity in Rats Fed Varoius Protein Diets.
[(0—1 : soybean protein diet, ll——N :
pepsin-treated soybean protein diet, O——
O : commercial diet.
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Fig. 5. Changes of Leucine Aminopeptidase Acti-

vity in Rats Fed Various Protein Diets.
[J— : soybean protein diet, ll—— :
pepsin-treated soybean protein diet, O——
O : commercial diet.
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Changes of Alkaline Phosphatase Activity
in Rats Fed Various Protein Diets.
[J—-7 : soybean protein diet, Ill—M :
pepsin-treated soybean protein diet, O——
O : commercial diet.
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Table IV. Bile Acids Concentration in Tissues in Rats Fed Various Protein Diets for 31 Days

dietary protein

in liver
(mg/g tissue)

in small intestine
(mg/g tissue)

commercial 0.131 + 0.008 1.48 £ 0.214
soybean protein 0.449 £ 0.018 1.37 £ 0.119
hydrolyzed soybean protein 0.270 £ 0.015 0.96 = 0.035
initial 0.241 + 0.057 0.91 £ 0.119

Values are mean + standard error,



32 TSR SE MR R

i, 1M CHOL Eshiafll CHOL s h3z
LErEETBL, mﬁCHMJﬁﬁézméﬁéﬁﬂ
T AVEVBSIMTELRET X /B S 7 — TR B LiE
T LOREERETRRTELOTH D, £z, HBI
ED7T X /R CHOL REHEELBIELTVS
AHEE LB SN TV 32, (7, MiEHO7 I /2
KRR b FE A BB OREME RS 2 & bR L
T2E2bH5%, 2hbHDT T, AERIZEVWTM
BT X V@Y — DR ZE ST,

Fig. 713, fAERBHIIIHEOLABEAROM
F7\/V?A&mbfwéo$£%%%me,ﬁﬁ
TARBOEEY ST T3 LEL LRSI T
IEBELTE, brA=yr, FAZIVE FrY
UEBTOND, Thbb, Zhb07 I EBOMmE
RCOEBEL, Mg CHOL JES L KB L T\ iz,
iz, Prd=r@EThBNPEEThoTz. Ei2, 7Y
¥ BRI, EREINEZE L CHRERA O FANE
motokﬂtAEE¢ EH A DR 2 D EE

FYVLVRFELTV 3D TH DD, MERTOWE
%ﬂfﬁﬁféfvvvﬁgﬁ,ﬁﬁthﬁg¢ﬁ®
BE L o Tz,

Nagata 527%, v iz CHOL RNAg%* 5% T
miE CHOL JREE & Bty X /B % — v L O
BERatL, ey, exFIL, AFF=1, T
NF = VBB EED T T b v = v OEE R

Amino Acid Concn.in Serum (umol/dl)

KHRBTSZPGAVM ILYF
Amino Acid

Fig. 7. Serum Aminograms of Rats Fed Various
Protein Diets for 31 Days.
[O—-1 : soybean protein diet, ll—M :
pepsin-treated soybean protein diet, O——
O : commercial diet.
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Abstract

It is well-known that vegetable protein (usually
soybean protein) has hypocholesterolemic effect
compared with animal protein (usually casein).
In our previous papers, we indicated that pepsin-
treated soybean protein isolate was more hypochole-
It

is important to examine the functions of liver and

sterolemic than intact soybean protein isolate.

small intestine in order to make clear the mecha-
nism of hypocholesterolemic effect by dietary soy-
bean protein considering from the point of view
of cholesterol metabolism and catabolism.

In this paper, effects of dietary protein on liver

function and bile acids concentration in liver and

small intestine were examined. Rats were fed
with soybean protein isolate diet, pepsin-treated
soybean protein diet or commercial diet. Serum
enzyme acitivities were measured to evaluate the
liver function of rats fed various protein diets.
Enzymes measured were glutamate-oxaloacetate
fransaminase, glutamate-pyruvate transaminase, la-
ctate dehydrogenase, leucine aminopeptidase and
alkaline phosphatase. In the case of rats fed those
diets, the destruction of liver cell and the disease

of biliary flow were not observed. Serum cholesterol
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level was proportion to the bile acids concentration
in liver, but not in small intestine. Obtained results
suggest the necessity of further examinations of

liver function in order to clarify the regulation

mechanism of serum cholesterol level by dietary
protein. It is indicated from serum aminogram that
threonine is closelv related to cholesterol mec-

hanism.



