J. Fd Hyg. Safety 9(3), 105-109(1994)

Effects of Ginseng Saponin on the Lysosomal Enzyme
Activities in Streptozotocin-induced Diabetic Mice
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ABSTRACT — Lysosomal enzymes might play a most important role in the pathogenesis
of diabetic microangiopathy. Some glycosidases, which participate in the catabolism of glycop-
rotein, are significantly decreased in diabetic mice. In search of new potential lysosomal
enzyme inducers, we examined the effects of crude red-ginseng saponin fraction on N-acetyl-
B-D-glucosaminidase, B-D-galactosidase and a-D-mannosidase activities in the liver and kidney
of normal and streptozotocin induced diabetic mice. It was found that i.p. administration
of ginseng saponin produced the induction of lysosomal enzymes in the kidney more intensi-
vely than in the liver. The obtained results suggest the possibility that ginseng saponin
might prevent the diabetic microangiopathy.

INTRODUCTION

Microangiopathy has become one of the most im-
portant problems of diabetes mellitus. Although the
pathogenesis of diabetic microangiopathy is not co-
mpletely known, evidence to date indicates that al-
tered metabolism of glycoproteins is involved in
the occurrence of the diabetic vascular lesions, cha-
racterized by a thickening of the basement memb-
rane and the deposition of PAS-positive mate-
rials,'? chronic hyperglycemia stimulates glycosyla-
tion. Glycosylation produces capillary basement me-
mbrane thickening (CBMT) and glomerular depo-
sits of glycoproteins primarily in retina and kidney.

Glycosidases in lysosomes have been suggested
to participate in the catabolism of glycoprotein®, so
decrease in their activities in the kidney could be
an important factor in development of microangio-
pathy in diabetes. CBMT is caused by retarded ca-
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tabolism of glycoprotein which follows decrease of
lysosomal enzyme activities and/or increased mem-
brane biosynthesis. Actually it was reported that
a hydroxylysine-linked a-glucosyl-B-galactose disac-
charide unit was significantly increased in renal
glomerular basement membrane isolated from dia-
betic human patients?. Such an increase could arise
from enhanced synthesis and/or decreased degra-
dation of the disaccharide unit. A diabetes-depen-
dent decrease in renal lysosomal enzyme activities
has been reported in various animal models with
chemically induced™ and spontaneous®!® diabetes.
Since diabetic human patients'*'® and animals®®'®
also contain excessive plasma levels of lysosomal
enzymes, it appears that the reciprocal changes in
the levels of these enzymes in the plasma and kid-
ney of diabetic subjects may arise from an abnormal
release of these enzymes into the extracellular mi-
lieu. However, the mechanism of hyperglycemia-in-
duced down-regulation of these renal enzymes re-
mains unknown.

Under the consideration that the normalization



106 C K Moon, H. S Kim and K S Kim

of altered lysosomal enzyme activities in diabetic
state might have an important role to prevent the
diabetic microangiopathy, we started to search the
substances affecting lysosomal enzyme activities.

Panax ginseng has been reported to have the
improving effects on the defected glucose metabo-
lism in diabetes. But any report has not yet been
published on the effects of ginseng components on
lysosomal enzymes which might have an important
role in diabetic microangiopathogenesis. This fact
motivates us to investigate the effects of ginseng
saponin on lysosomal enzymes.

MATERIALS AND METHODS

Crude ginseng saponin (saponin 1)

Crude ginseng saponin is obtained from 6 year-
old red-ginseng root according to the procedure as
shown in Fig. 1.

Purified ginseng saponin (saponin 2)
Neutral Al;O; (ca. 10 g) was deactivated with dis-
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Fig. 1. Extraction and fractionation of crude saponin
from Korean red ginseng.

tilled water and packed in 2X30 cm column. After
elution with 20 times column volume of methanol,
about 12 g of saponin dissolved in methanol was
loaded. After the elution with 50 column volume
methanol, the eluate was concentrated by rotary
evaporator in vacua. To remove the still remained
fluorescent materials, charcoal was added to the
concentrated solution and the mixture was refluxed
for 3 hrs. And the solution was filtered and concen-
trated.

Reagents

p-nitrophenyl-N-acetyl-B-D-glucosaminide, p-nit-
rophenyl-a-D-mannopyranoside, and p-nitrophenyl-
B-D-galactopyranoside were purchased from Sigma
Chemical Company. Other chemicals used in this
experiment were guaranteed grade.

Experimental animals

Male ICR mice (20~25 g) supplied from the Ex-
perimental Animal Breeding Center of Seoul Natio-
nal University were used as experimental animals.
Laboratory chow of Sam-Yang Industries, LTD was
used.

Induction of experimental diabetes mellitus

Male ICR mice (20~25 g) bred in same condition
were adapted in neighboring environment for about
1 week. 24 hrs fasted mice were injected intraperi-
toneally with 200 mg/kg body weight of streptozo-
tocin in approximately 0.2 m/ of sodium citrate buf-
fer (10 mM, pH 4.5). 48 hrs after the treatment
of streptozotocin the blood was obtained from orbi-
tal sinus and blood glucose levels were determined
using Reflotest-Glucose Boehringer. Animals with
fasting blood glucose levels of about 350 mg/d/
were used as diabetic mice. Summerized experime-
ntal conditions are shown in Table 1.

Preparation of enzyme source

The livers and kidneys were quickly excised, wa-
shed with ice-cold normal saline solution and wei-
ghed after the animals had been killed by cervical
dislocation. All subsequent procedures were done
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Table 1. Experimental condition

(anic’r::l“‘;o.) Gr. 16) Gr. 265) Gr. 3(5) Gr. 4(5)
FBGL* 90~110 350~360 340~350 340~-360
FBGL** 90~110 350~360 340~350 340~360
Agent saline saline s.aponifx ! s.aponix'l 2
in saline in saline
Dose 10 mi/kg 10 mi/kg 150 mg/10mi/kg
Route intraperitoneally
Treatment 10 days

FBGL*: Fasting blood glucose level before treatment (mg/dl),
FBGL**: Fasting blood glucose level after treatment (mg/dl).
Gr. 1: Control group, Gr. 2: Diabetic control group, Gr. 3:
Diabetic saponin 1 treated group, Gr. 4: Diabetic saponin
2 treated group.

at 4C unless otherwise mentioned. Two kidneys
of mice or about 1 g of liver were finely cut off
and homogenized in 9 volumes of 0.01 M sodium
phosphate buffer, pH 6.0 a Potter-Elvehjem homo-
genizer. The homogenate was centrifuged at 1,000
Xg for 10 min and the supernatant was frozen at
—70C and assayed within one week.

Assay of enzyme activities

Activities of N-acetyl-B-D-glucosaminidase, a-D-
mannosidase and B-D-galactosidase were assayed
using the following p-nitrophenyl derivatives as su-
bstrates; p-nitrophenyl-N-acetyl-B-D-glucosaminide,
p-nitrophenyl-a-D-mannopyranoside, p-nitrophenyl-
B-D-galactopyranoside.

p-Nitropheny! glycosides were dissolved in 0.125
M sodium acetate buffer (pH 5.0) to make 6 mM.

Substrate (0.25 m/) was added to 0.25 m! of app-
ropriately diluted enzyme solution. The mixture
was incubated for 30 min at 37C in stoppered glass
tubes and reactions were stopped by adding 0.5
ml of 0.5 M glycine-sodium hydroxide buffer (pH
10.45). After centrifugation of reaction mixture at
4,000 rpm for 15 min, the produced p-nitrophenol
was measured spectrophotometrically at 410 nm

and the activity was calculated from a standard
curve prepared simultaneously in each assay.

Preparation of standard curve

p-Nitrophenol solutions of various concentrations
were prepared using sodium acetate buffer. Gly-
cine-sodium hydroxide buffer (pH 1045, 0.5 M, 0.5
m/) was added to 0.5 m/ p-nitrophenol solution of
each concentration and the absorbance of phenolate
was measured at 410 nm spectrophotometrically.
From the obtained data the standard curve was
prepared. (y=0.007553x ~0.02586).

Protein assay

Directly before use, alkaline sodium carbonate
solution and potassium sodium tartrate-cupric sul-
fate solution were mixed at the volume ratio of
50 to 1. This mixture (5 m/) was added to each
glass tubes contained 1 m/ of the diluted enzyme
solution. After leaving them as it is for 24 min,
0.5 ml of Foline reagent was added to 0.5 m/ p-
nitrophenol solutions of each concentrations and it
was allowed to react for 30 min.

The protein content was determined by measu-
ring the absorbance at 750 nm. Blank was prepared
by the same experimental procedure described as
above except distilled water instead of the diluted
enzyme solution. Bovine serum albumin solutions
of various concentrations were used to draw up
standard curve. From the standard curve, the pro-
tein content in the enzyme solution was determi-
ned. (y=0.00339x—0.0104)

Statistical analysis

Values of each group were expressed as the
means and its standard error. T-value were calcula-
ted by Student’s t-test. p-value were determined
in an exchange table. It was judged that p-value
of less than 0.05 is significant.

RESULTS AND DISCUSSION

Changes of lysosomal enzymes activities in dia-
betic state were investigated by Fushimi and Tasu,
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Table 2. Effect of saponin from Red-Ginseng on some lysosomal enzyme activities in the liver and kidney of mice

Group Group 1 Group 2 Group 3 Group 4
(Control) (Diabetic control) (Diabetic saponin 1 (Diabetic saponin 2
treated) treated)
Organ
Enzyme Specific activity nmol/min/mg protein (Percentage of control)
N-acetyl-8-D- Liver | 26.870%1.322(100.00) 23.100+ 0.996(85.97)* 31.628+ 0.950(117.71)** | 26.868+ 0.645( 99.99)
glucosaminidase | Kidney | 39.876+ 1.568(100.00) 30.131+ 0.990(75.56)* 76.965+ 8.887(193.0D)** | 61.879+ 3.083(155.18)**
B-D-galactosidase |Liver 1.052+ 0.203(100.00)  1.007+ 0.176(95.70) 1.268+ 0.099(120.59)** 1056+ 0.064(100.44)
Kidney| 3.920+0.161(100.00) 3.330% 0.416(84.95)*  8.033* 1.657(204.94)** 5.755+ 0.844(146.81)**

a-D-mannosidase |Liver

3113+ 0.178(100.00)  2.935+ 0.055(94.27)*  3.132+ 0.152(100.59)
Kidney | 4454+ 0.576(100.00) 3.012+ 0.627(67.62)* 8.002+ 1.682(179.66)**

2.993+ 0.106( 96.14)
6.426+ 0.429(144.27)**

*P<0.05, **P<0.01.

in which the markedly decreased enzyme activities
were observed in the cases of N-acetyl-glucosami-
nidase, a-mannosidase and B-D-glactosidase.

Lysosomal enzymes catalyze the metabolism of
glycoproteins and these enzymes might be most
important in the pathogenesis of diabetic microa-
ngiopathy, a condition in which glycoproteins accu-
mulate. The deposition of glycoproteins in the
vasular system and the kidney of diabetic subject
could conceivably be a consequence of glycosidases-
deficiency.

Therefore, it is meaningful to search the agents
to stimulate the activities of those enzymes. In this
study, we started to investigate the effects of gin-
seng saponin on the lysosomal enzyme activities.
There are some reports on the effects of ginseng
on the experimental diabetes.

White and red ginseng-extract showed the hypo-
glycemic effect in alloxan or streptozotocin induced
diabetic animals. But any experimental trial has not
yet been done to investigate the effects of ginseng
saponin on the lysosomal enzymes which might
have important role in diabetic microangiopathoge-
nesis.

From this reason we examined the effects of gin-
seng saponin on the lysosomal enzyme activities.
Streptozotocin induced-diabetic mice were treated
with ginseng saponin (i.p.) for 10 days. Assayed re-
sults on the effects of ginseng saponin on lysosomal

enzyme activities are summarized in Table 2.

In the liver; In streptozotocin-induced diabetic
mice, N-acetyl-B-D-glucosaminidase and o-D-man-
nosidase activities were significantly decreased by
14% and 6% respectively. But B-D-galactosidase ac-
tivity was not changed compared to that of normal
control group. This result accorded with those of
Fushimi and Tarui'”. In the diabetic animals trea-
ted with saponin 1(group 3) N-acetyl-B-D-glucosa-
minidase and B-D-Galactosidase activities were inc-
reased by 18% and 21% respcetively. But a-D-man-
nosidase activity was not affected by the treatment
of saponin 1. In the case of saponin 2 treatment
(group 4) no significant changes were observed in
the activities of lysosomal enzymes examined in
this experiment.

In the kidney: Lysosomal enzyme activities were
changed in diabetic animals as found in already
reported papers®'?; In diabetic control mice {group
2) the activities of a-D-mannosidase and B-D-galac-
tosidase were significantly decreased as shown in
Table 2 by 24%, 15% and 32%. But these three
enzymes were markedly stimulated by the i.p. inje-
ction of saponin 1(group 3) in the ratio of 93% (N-
acetyl-B-D-glucosaminidase), 105% (B-D-galactosi-
dase) and 80% (a-D-mannosidase). Most activating
effect was observed in the case of B-D-galactosi-
dase.

In saponin 2 treated diabetic group (group 4) sig-
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nificant changes of lysosmal enzyme activities were
also observed. Activities of N-acetyl-B-glucosamini-
dase, B-D-glucosaminidase, B-D-galactosidase and a-
D-mannosidase were found to be increased by 55%,
47% and 44% compared to those of control group.
Crude ginseng saponin posesses more potent sti-
mulating effect on the lysosomal enzyme activities
than the purified ginseng saponin. This fact sugge-

sts that the active principle for this effect is not
only the saponin but also some other substances
in the lipid soluble fraction of ginseng extract. The
obtained results also indicate that ginseng extract
might have a possibility to prevent the diabetic mi-
croangiopathy even in the worsely controlled diabe-
tic condition.

2R

914} saponino] diabetic microangiopathyE <& 5 le BAo] e7te] oFel A
o] azto g B3] i Aefolx L BAe] A= 7]t 4] glycoprotein®] o]s}
2t 8.2 oJA)§F2 2 % microangiopathy S ZA1A] 7]+ 4 lysosomal & A2l N-acetyl-B-D-gluco-
saminidase, a-D-mannosidase®} B-D-galactosidase #Aloll v}z 214} saponin®] °d 8% strep-
tozotocin % Zk FTES dAoR HEZ A off AT AL FE LS JENES &
Q3lgch ol Pk £E9 ¥y} £FolE F@g 242 2 microangiopathy ] oW 7542

A) A,

REFERENCES

1. T. Friedenwald and B. Becker: Am. J. Opthal, 33,
1187 (1950).

2. R. G. Spiro: Ann. N. Y. Acad. Sct, 82, 366 (1956).

3. S. Mahadevan, C. J. Dillard and A. L. Tappel: Arch.
Biochem. Biophys., 129, 525 (1969).

4. P. J. Beisswenger and R. G. Spiro: Sci, 168, 596
(1970).

5. H. Fushimi and S. Tarui: J. Biochem., 76, 225 (1974).

6. H. Fushimi and S. Tarui: /. Biochem., 79, 265 (1976).

7. A. Y. Chang, C. S. Perry and B. M. Wyse: Comp.
Biochem. Physiol, 63B, 341 (1979).

8. D. R. P. Tulsiani, HO. Buschiazzo, B. Tolbert and
O. Touster: Arch. Biochem. Biophys., 181, 216 (1977).

9. A. Y. Chang: Biochim. Biophys. Acta, 522, 491 (1978).

10. A. Y. Chang: Biochim. Biophys. Acta., 522, 503 (1978).

11. F. Belfiore, E. Napoli and L. LoVecchio: Diabetes,
21, 1168 (1972).

12. H. Fushimi and S. Tarui: Clin. Chim. Acta, 71, 1
(1976).

13. P. Y. W. Poon, T. L. Dornan, R. B. Ellis and R. C.
Turner: Clin. Endocrino., 11, 625 (1979).

14. P. H. Whiting, I. S. Ross and L. Borthwick: Clin.
Chim. Acta, 92, 459 (1979).

15. E. Pitkanen, M. Kyllastinen, T. Koivula and P. Hor-
mila: Diabetologia, 18, 275 (1980).

16. A. Y. Chang and C. S. Perry, Diabetologia, 15, 423
(1978).

17. H. Fushimi, M. Shibata and S. Tarui: J. Biochem., 87,
941 (1980).

18. C. T. Liu, H.C. Chi and C. Y. Sung: Yao Hsiao Hsiao
Pao, 7, 213 (1957).

19. H. D. Lei and C. K. Wang: Chinese |. Internal Med,,
5, 861 (1957).

20. I. H. Hub and D. Y. Kim: Yakhak Hoeji 27(3), 215
(1983).

Journal of Food Hygiene and Safety, Vol 9. No. 3



