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ABSTRACT

Objectives : The object of this study was to observe the effects of Gamioryung-san (GOS). which consists of 22 types of
herbs, on streptozotocin (STZ)-induced diabetic nephropathy rats.

Methods : Three different dosages of GOS were orally administered once a day for 28 days from 3 weeks after STZ
treatment. Six groups, each of 8 rats per group were used. Changes on the body weights, blood glucose levels, serum BUN and
creatinine levels, urine volumes, and UAER were observed with changes on the kidney malondialdehyde contents and glutathione,
dismutase and catalase contents. In addition, histopathology of kidney, pancreas, thymus and spleen were observed. The results
were compared with antioxidant silymarin 100 mg/kg, of which the effects on STZ -induced diabetes and related complications
are already confirmed.

Results = As a result of treatment of GOS 800, 400 or 200 mg/kg for 28 days, STZ-induced decreases of body weights,
hyperglycemia, atrophic changes of pancreatic islets with decreases of insulin-immunoreactive cells and decreases of glucagon
-immunoreactive cells were inhibited dose-dependently. Increases in kidney weight, serum BUN and creatinine levels, urine
volumes, UAER, vasodilated atrophic glomerulus and abnormal tubules were inhibited dose-dependently. Also increases of
kidney MDA contents and decreases of GSH contents, SOD and CAT activities, decreases of thymus and spleen weights, and
atrophic changes at histopathological observation were also inhibited. The effects of GOS 400 mg/kg showed similar effects to
silymarin 100 mg/kg.

Conclusions : These results suggest that 400 mg/kg of GOS retarded the STZ-induced diabetic nephropathies as similarly
to silymarin 100 mg/kg, through modulations of oxidative stress and immune systems.

Key words :© Gamioryung-san (Jiawerwuling-san). diabetes, diabetic nephropathy, Streptozotocin
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Table 1. Formulas of Rodent Pellet Diets (Superfeed

Co., Korea).

Casein 200

L-Cystein 3

Cornstarch 150

Sucrose 500

. . v Cellulose 50
Ingredient (g/kg diet) Soybean Oil 50
Lard 0

Mineral mixture 35

Vitamin mixture 10

Cholinebitartrate 2

Energy (kcal/g) 0.21
Protein (% kcal/kg) 13.3
Carbohydrate (% kcal/kg) 474
Fat (% kcal/kg) 8.0
Fiber (% kcal/kg) 3.0
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Table 2. Composition of Garmiorvung-san.
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Herbs Scientific name Korean Prod_uce Amounts

name Region (g)
Astragali Radix Astragalus membranaceus Bunge [#F] Chungbuk 10
Polyporus Polyporus umbellatus Fries (56451 China 8
Alismatis Rhizoma Alisma orientale Juzepczuk (%]  Chungnam 8
Atractylodes rhizome white Atractylodes macrocevhala Koidzumi [AJit] China 6
Hoelen White Poria cocos Wolf [AfR% China 6
Artemisiae Scopariae Herba Artemisia scoparia Waldstein et Kitamura — [Bp] Chungbuk 5
Tokoro Rhizoma Dioscorea tokora Makino [HisiE] China 5
Nelumbinis Semen Nelumbo nucifera Gaertn [GE-FA) China 5
Alpinia oxyphyllae Fructus Alpinia oxyphylla Mlquel (&8 China 4
Plantaginis Semen Plantago asiatica L [BER ] China 4
Dioscoreae Rhizoma Dioscorea japonica Thunberg [IU#]  Gyeongbuk 4
Amomi Fructus Amomum villosum Loureiro [M~] China 4
Mantidis Ootheca Paratenodera sinensis De Saussure [ ] China 4
Remotiflori Radix Adenophora remotiflorus Miquel [#)E] Chungbuk 4
Myristicae Semen Myristica fragrans Houttuyn [AE%]  Indonesia 4
Glycyrrhizae Radix Glyeyrrhiza uralensis Fischer [H®] China 3
Chebulae Fructus Terminalia chebula Retzius (F-F] China 3
Fossilia Ossis Mastodi - [#EH] China 3
Schisandrae Fructus Schisandra chinensis Baill [fik+] Gyeongbuk 2
Mume Fructus Prunus mune Sieb. et Zucc LEAE] China 2
Ginseng Radix Panax ginseng C. A. Meyer [A%]  Chungnam 2
Cinnamomi Cortex Cinnamomum cassia Blume [AkE] Vietnam 2
Total 22 types 98
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2

Table 3. Changes on the Body Weight Gains after STZ and Test Article Administration.

Body weights at

Body weight gains during

Groups 21 days after o Diabgtes During
STZ treatment ST7 treatment Sacrifice inducing treatment
periods periods
Intact 136.25+4.17  188.38£10.11  234.88+14.78 52.23%7.55 49.88+11.34
Controls STZ 136.00¢7.21  131.25£8.83*  125.13+5.67*  -4.759.36* 1.75%7.59*
Silymarin 100 136.50£5.71  130.63+6.89* 148.3810.47*"  -5.88+9.17*  23.50£12.82*"
800 136.50+7.03  131.88+£12.23* 160.25+14.26™"  -4.64+6.67*  34.00+9.44*"
GOS treated as 400 136.38€5.93  131.13+8.04*  146.25£9.42*"  -5.25#537*  21.63£11.62**
200 136.75+5.12  132.00£6.72* 140.88£9.39*"  -4.75+4.95*  15.63+9.88**

Note that the body weights in STZ control were significantly (2<0.01) decreased from 3 weeks after STZ treatment, at
start of test article administration. However, these body weight decreases were significantly (2X0.01 or X0.05) inhibited
by treatment of silymarin and GOS 800, 400 and 200 mg/kg as compared with STZ controls, respectively.

Values are expressed mean * standard deviation of eight rats (gram).

STZ : streptozotocin
GOS : Gamioryung-san aqueous extracts
*X0.01 as compared with intact control by LSD test

+2€0.01 and #2€0.05 as compared with STZ control by LSD test
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. Body weight changes after STZ and test

article administration.

Note that the body weights in STZ control were
significantly (X0.01: arrowhead) decreased from
3 weeks after STZ treatment, at start of test
article administration. However, these body weight
decreases were significantly (2001 or X0.05: arrow)
inhibited by treatment of silymarin and GOS
800, 400 and 200 mg/kg from 14, 21 or 27 days
after start of test article treatment as compared
with STZ controls, respectively.

Values are expressed mean * standard deviation
of eight rats (gram).

STZ : streptozotocin

GOS : Gamioryung-san aqueous extracts

At STZ, at STZ treatment day

STZ 21, at 21 days after STZ treatment day
0 means, at start of test article administration
All animals at STZ treatment day, sacrifice and
Day 0 were overnight fasted.
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Changes on the kidney weights after STZ
and test article administration.

Note that the absolute and relative kidney weights
were significantly increased in STZ control as
compared with intact control. However, these
kidney weight increases were significantly inhibited
by treatment of silymarin, GOS 800, 400 and 200
mg/kg as compared with STZ control, respectively.
Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

ST7Z : streptozotocin

*X0.01 as compared with intact control by
MW test

+2X0.01 and *¥2€0.05 as compared with STZ
control by MW test
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Fig. 3. Changes on the thymus weights after STZ
and test article administration.

Note that the absolute and relative thymus weights
were significantly decreased in STZ control as
compared with intact control. However, these
thymus weight decreases were significantly inhibited
by treatment of silymarin, GOS 800, 400 and 200
mg/kg as compared with STZ control, respectively.
Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

*X0.01 as compared with intact control by
LSD test

+1X0.01 as compared with STZ control by LSD
test

#X0.01 and §2€0.05 as compared with intact
control by MW test

1X0.01 and 92€0.05 as compared with STZ
control by MW test

4 |:||J(I- "EI:0| H:|§}
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Fig. 4. Changes on the spleen weights after STZ
and test article administration.

Note that the absolute and relative spleen weights
were significantly decreased in STZ control as
compared with intact control. However, these
spleen weight decreases were significantly inhibited
by treatment of silymarin, GOS 800, 400 and 200
mg/kg as compared with STZ control, respectively.
Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

*X0.01 and *X0.05 as compared with intact
control by LSD test

X001 and §2€0.05 as compared with STZ
control by LSD test
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Table 4. Changes on the Blood Glucose Levels after STZ and Test Article Administration.
Blood glucose levels

Groups At 3 weeks after STZ At sacrifice, end of 28 days of Changes after test article
treatment (A) test article treatment (B) treatment (B-A)
Intact 113.50+8.35 117.756.90 4.25+3.54

Controls STZ 380.25+25.29* 685.38+108.81* 305.13£110.10*
Silymarin 384.50+29.47* 520.13+66.34™* 135.63£78.00*

00S 800 382.75+27.62* 434.13i55.40’f‘* 51.38i57.65*l"t
treated as 400 382.00+25.99* 522.00+54.54%# 140.00i37.71f*
200 377.88+30.77* 552.38£63.75*¢ 174.50£79.71*%

Note that the blood glucose levels were significantly increased in STZ control as compared with intact control. However,
these blood glucose levels increases were significantly inhibited by treatment of silymarin, GOS 800, 400 and 200 mg/kg
as compared with STZ control, respectively.

Values are expressed mean * standard deviation of eight rats (mg/dl).

STZ : streptozotocin

GOS : Gamioryung-san aqueous extracts

*X0.01 and *1X0.05 as compared with intact control by MW test

#X0.01 and §2€0.05 as compared with STZ control by MW test

Table 5. Changes on the Serum BUN Levels after STZ and Test Article Administration.
Serum BUN levels

Groups At 3 weeks after STZ At sacrifice, end of 28 days of Changes after test article
treatment (A) test article treatment (B) treatment (B-A)
Intact 21.00£3.59 28.00£5.76 7.00£5.86
Controls STZ 43.38+5.24* 100.50+12.92¢ 57.13+14.04*
Silymarin 43.25+2.82* 75.63%7.65% 32.38+9.40**
oS 800 44.13+4.91* 65.75i12.75*§ 21.63111.30?"*
treated as 400 43.25+3.82* 76.00£10.89% 32.75i9.59’:‘T
200 44.00+5.01* 75.50+8.04% 41.50+4.69**

Note that the serum BUN levels were significantly increased in STZ control as compared with intact control. However,
these serum BUN levels increases were significantly inhibited by treatment of silymarin, GOS 800, 400 and 200 mg/kg as
compared with STZ control, respectively.

Values are expressed mean * standard deviation of eight rats (mg/dl).

STZ : streptozotocin

BUN : blood urea nitrogen

GOS : Gamioryung-san aqueous extracts

*p<0.01 as compared with intact control by LSD test

+X0.01 as compared with STZ control by LSD test

$X0.01 as compared with intact control by MW test

§2€0.01 and 112€0.05 as compared with STZ control by MW test

7. &% creatinine glzke| Hst =x X005 FHF 3L dF creatinined s
Silymarin, AnskHZ5E 800, 400 2 200 Fof ol 4 o] AE HZ creatinined = W=k 7Havt

A ZA7E ST7 dzol vl 94 E=(X0.01 2= 9o (Table 6).
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Table 6. Changes on the Serum Creatinine Levels after STZ and Test Article Administration.

Serum creatinine levels

Groups At 3 weeks after STZ At sacrifice, end of 28 days of Changes after test article
treatment (A) test article treatment (B) treatment (B-A)

Intact 0.65+0.12 0.79£0.14 0.14£0.05

Controls STZ 0.93+0.14* 1.86%0.23* 0.94£0.24!
Silymarin 0.94£0.12* 1.4140.32* 0.48+0.26/*

00S 800 0.91i0.12>f< 1.14+0.221* 0.23+0.21**
treated as 400 O.94i0.18>:< 1.43i0.35**. 0.49+0.391
200 0.91£0.15* 1.5140.25* 0.60£0.317+*

Note that the serum creatinine levels were significantly increased in STZ control as compared with intact control.
However, these serum creatinine levels increases were significantly inhibited by treatment of silymarin, GOS 800, 400 and

200 mg/kg as compared with STZ control, respectively.

Values are expressed mean * standard deviation of eight rats (mg/dl).

STZ : streptozotocin
GOS : Gamioryung-san aqueous extracts

*X0.01 and *1X0.05 as compared with intact control by LSD test
#2€0.01 and §X0.05 as compared with STZ control by LSD test
2X0.01 and 72€0.05 as compared with intact control by MW test
*X0.01 and ++2€0.05 as compared with STZ control by MW test

8. REO| B3}

Silymarin, AnskHZ5E 800, 400 2 200 Fof el
A Z4zy STZ izl vls 594 =0X0.00)
23] 74t HA=E Y (Fig. 5).
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Silymarin, AIBRFLESAER 800, 400 = 200 F-of 7ol
A 247y STZ izl vls $94 =0X0.01)
2% odxn Ba)go 74rt #2E Y (Fig. 5).
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Fig. 5. Changes on the urine volume and urinary

albumin excretion rates after STZ and
test article administration.

Note that the marked and significant increases
of urine volume and urinary albumin excretion
rates were demonstrated in STZ control as
compared with intact control. However, these
urine volume and urinary albumin excretion
rates increases were significantly inhibited by
treatment of silymarin, GOS 800, 400 and 200
mg/kg as compared with STZ control, respectively.
Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

ST7Z : streptozotocin

*X0.01 as compared with intact control by
LSD test

T2X0.01 as compared with STZ control by LSD test

10, &A1& LY ghekst o] systeme] 3t
Silymarin, AM¥RFAZE 800, 400 2 200 Fof 7o
A A7 STZ Wzl Hls F24 le(X0.01
== K0.05) A% W MDAZER] 74, GSH
SOD % CAT &49] 3717t #&=AH(Table 7).
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Table 7. Changes on the Kidney Antioxidant Defense Systems after STZ and Test Article Administration.
Kidney antioxidant defense systems

Groups Malondialdehyde  Glutathione  Superoxide dismutase Catalase
(nM/g protein) (uM/g protein) (U/mg protein)  (U/mg protein)
Intact 95.75£15.90 133.00+33.39 184.75+26.94 368.25+80.30
Controls STZ 206.13+12.18* 34.50£10.58! 112.63+18.85* 214.88+24.42)

Sylmarin 100 me/ke  140.8828.41%  50.63+1218%%  141.00:1500%  270.88+20.03%*

800 me/ke 12163226207 7675520507 1551351172 20650220327

cI05 400 me/ke 14488+27.68%  5G.63+167817  130.38¢19.12%  267.88+21.001%*
200 me/ke  159.00:1640%  4813:1106  I35.25+1267% 25013435741

Note that kidney MDA contents were significantly increased while kidney GSH contents, SOT and CAT activities are
decreased in STZ control as compared with intact control. However, these increases of MDA contents, decreases of GSH
contents, SOD and CAT activities were significantly inhibited by treatment of silymarin, GOS 800, 400 and 200 mg/kg
as compared with STZ control, respectively.

Values are expressed mean * standard deviation of eight rats (mg/dl).

STZ : streptozotocin

GOS : Gamioryung-san aqueous extracts

*K0.01 and ¥2X0.05 as compared with intact control by LSD test

#0.01 and §X0.05 as compared with STZ control by LSD test

12€0.01 and 92X0.05 as compared with intact control by MW test

0,01 and ++20.05 as compared with STZ control by MW test

1. # & =AY Ha} intact control (A,B), STZ control (C,D),
Silymarin, kT 258k 800, 400 = 200 Fod Foll A] silymarin 100 (E,F), GOS 800 (G,H), 400

742+ ST7 Dﬂi%oﬂ H]EH _ﬁ_g,la] gl%(p«)m) 3 (|,J) and 200 (K,L) mg/kg treated rats.

A9 4 "l DA 277} A e Fig. 6-8). Note that marked atrophic changes on the

pancreatic islets were detected in STZ control
with decreases of pancreatic islet numbers in
pancreatic parenchyma as compared with intact
control. However, these atrophic changes of
pancreas were significantly inhibited by treatment
of silymarin, GOS 800, 400 and 200 mg/kg as
compared with STZ control, respectively.

GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

PI : pancreatic islet

All H&E stain, Scale bars = 160 pm.

i g

Fig. 6. Histopathological profiles of pancreas in
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Fig.

Pancreatic islet diameters (um)

Fig.

Pancreatic islet number (/100mm?)
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Intact sT1Z

T
Silymarin 800 400 200

Controls GOS treated group (mg/ks)

Changes on the pancreatic islet numbers
after STZ and test article administration.

Note that the marked and significant decreases
of pancreatic islet numbers were demonstrated
in STZ control as compared with intact control.
However, these pancreatic islet number decreases
were significantly inhibited by treatment of silymarin,
GOS 800, 400 and 200 mg/kg as compared with
STZ control, respectively.

Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

*K0.01 and T2X0.05 as compared with intact
control by MW test

#2001 as compared with STZ control by MW test

1

Al

Intact ST1Z

Silymarin 800 400 200

Controls GOS treated group (mg/kg)

. Changes on the pancreatic islet diameters

after STZ and test article administration.

Note that the marked and significant decreases
of mean pancreatic islet diameters were demonstrated
in STZ control as compared with intact control.
However, these pancreatic islet diameter decreases
were significantly inhibited by treatment of silymarin,
GOS 800, 400 and 200 mg/kg as compared with

12. Insulin

0/e1g - Z4E

STZ control, respectively.

Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

*X0.01 as compared with intact control by
LSD test

+1X0.01 as compared with STZ control by LSD test

HhSA| 2| 5}

Silymarin, JIBkFZ5EL 800, 400 2 200 Fof ol A
27 STZ Azl vls] 214 31=(X0.01) insulin

EELCRED

&
w W

Sl

(K)

Fig. 9.

4 Z77F #2=SIH(Fig. 9. 10).

s
_ o by 728
ol & ‘g’}' 3 '
E Tt
i - ® e
STl E £ 79, @

” L5 (L)

Histopathological profiles of insulin-immunoreactive
cells in the pancreas of intact control (AB),
STZ control (C,D), silymarin 100 (E,F), GOS
800 (G,H), 400 (1,J) and 200 (K,L) mg/ke
treated rats.

Note that marked degranulation with decreases
of insulin-immunoreactive cells in the pancreatic
islets were detected in STZ control as compared
with vehicle control. However, these decreases of
insulin producing cells were significantly inhibited
by treatment of silymarin, GOS 800, 400 and 200
mg/kg as compared with STZ control, respectively.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

All ABC methods, Scale bars =

160 pm.
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800 [ Glucagon

400 +

200 -

Positive cells among 1000 pancreatic islet cells

Intact STZ Silymarin 800 400 200

Controls GOS treated group (ms/kg)

Fig. 10. Changes on the numbers of mean insulin-
and glucagon-immunoreactive cells in the
pancreatic islets after STZ and test article
administration.

Note that significant decreases of insulin-
immunoreactive cells with decreases of glucagon
-immunoreactive cells were demonstrated in
STZ control as compared with intact control.
However, these immunohistochemical changes
were significantly inhibited by treatment of
silymarin, GOS 800, 400 and 200 mg/kg as
compared with STZ control, respectively.
Values are expressedmean + standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

*X0.01 as compared with intact control by
MW test

2€0.01 and #X0.05 as compared with STZ
control by MW test

13. Glucagon HABLSA|ZS| B3t

Silymarin, AIBkILATER 800, 400 = 200 F-o ol
A 27y STZ izl vls] F994 = (X0.01)
glucagon HARFSA 2] 4 ZHart HAHG S
(Fig. 10, 11).

378

&
£
@R A e @
. o
[ ;"g_-

o

Fig. 11. Histopathological profiles of glucagon-
immunoreactive cells in the pancreas of
intact control (A.B), STZ control (C,D),
silymarin 100 (E,F), GOS 800 (G,H), 400
(1)) and 200 (K,L) mg/kg treated rats.

Note that marked disarrangements and increases
of glucagon-immunoreactive cells in the pancreatic
islets were detected in STZ control as compared
with vehicle control. However, these increases
of glucagon producing cells were significantly
inhibited by treatment of silymarin, GOS 800,
400 and 200 mg/kg as compared with STZ
control, respectively.

GOS : Gamioryung-san aqueous extracts
STZ : streptozotocin

All ABC methods, Scale bars = 160 pm.

14, &A1& AR H3}

Silymarin, AN¥kFAZEL 800, 400 2 200 F-of 7l
A Z4zb STZ d 27l vl §94 A=(X0.01)
njebd AREA] 73 QA R0 4 A uEA
o] Ztart HAH A (Fig. 12, 13).



Fig. 12. Histopathological profiles of kidney in the
intact control (A), STZ control(B), silymarin
100(C), GOS 800(D), 400(E) and 200(F)
mg/ke treated rats.

Note that marked vasodilated atrophic changes
of glomerulus and vacuolation (lipid droplet
depositions) or severe atrophic changes of tubules
were observed in the STZ control as compared
with intact control. However, these histopathological
changes of kidney were dramatically inhibited
by treatment of silymarin, GOS 800, 400 and
200 mg/kg as compared with STZ control,
respectively.

GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

GL * glomerulus

PT : proximal convoluted tubule

DT : distal convoluted tubule

All H&E stain, Scale bars = 160 pm.

I Abnormal glomerulus
100 - [ Abnormal tubules

80 -

60 4

w ¥ Sy

40 4

20 A

Abnormal regions among 100 glomerulus or tubules

Intact STZ Silymarin 800 400 200

Controls GOS treated group (mg/kg)

Fig. 13. Changes on the numbers of abnormal
glomerulus and tubules in the kidney
parenchyma after STZ and test article
administration.

Note that significant increases of abnormal

0/e1g - Z4E

glomerulus (vasodilated atrophy) and tubules
(atrophy or vacuolation) were demonstrated
in STZ control as compared with intact
control. However, these abnormal glomerulus
and tubule increases were significantly inhibited
by treatment of silymarin, GOS 800, 400 and
200 mg/kg as compared with STZ control,
respectively.

Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body
weights.

GOS : Gamioryung-san aqueous extracts
STZ : streptozotocin

*X0.01 as compared with intact control by
LSD test

t10.01 as compared with STZ control by
LSD test

#€0.01 as compared with intact control by
MW test

§X0.01 as compared with STZ control by
MW test

15. 7ol Flwe|ss Wl

Silymarin, Atk FLAFER 800, 400 2 200 F-of 7ol
A A S17 el W o4 (001
= X005) e 94 2 429 AAe FA %

717b A= e (Fig. 14, 15).

16. H|&o| ZAIHe|5tA Hig}

Silymarin, ANtk 2 AL 800, 400 2 200 Fof 2ol
A 22 STZ izl Blsl f94 3E=(K0.01
= K005 B FA, WA S 4oyl oA
A G AR Z7b7}h A2H Y Fig. 16-18).
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F|g 14. Histopathological proﬂles of thymus in intact

Thymus thicknesses (um)

Fig.

380

control (A,B), STZ control (C,D), silymarin
100 (E,F), GOS 800 (G,H), 400 (IJ) and
200 (K,L) mg/ke treated rats.

Note that marked atrophic changes on the thymic
cortex were detected in STZ control as compared
with intact control. However, these atrophic changes
of thymic cortex were dramatically inhibited by
treatment of silymarin, GOS 800, 400 and 200
mg/kg as compared with STZ control, respectively.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

Co : cortex

Me : medulla

All H&E stain, Scale bars = 160 pm.

I Total thicknesses
[0 Cortex thicknesses

Intact. §TZ Silymarin 800 400 200

Controls GOS treated group (mg/kg)

. Changes on the thymus total and cortex

thicknesses after STZ and test article
administration.

Fig. 16. Histopathological profiles of spleen in intact

Note that significant decreases of thymus total
and cortex thicknesses were demonstrated in
STZ control as compared with intact control.
However, these thymus total and cortex thicknesses
decreases were significantly inhibited by treatment
of silymarin, GOS 800, 400 and 200 mg/kg as
compared with STZ control, respectively.
Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body weights.
GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

*K0.01 and tX0.05 as compared with intact
control by LSD test

$X0.01 and §X0.05 as compared with STZ
control by LSD test

control (A,B), STZ control (C,D), silymarin
100 (E,F), GOS 800 (G,H), 400 (I.J) and
200 (K,L) mg/kg treated rats.

Note that marked atrophic changes of splenic
white pulps were observed in STZ control as
compared with vehicle control. However, these
atrophic changes of splenic white pulp were
dramatically inhibited by treatment of silymarin,
GOS 800, 400 and 200 mg/kg as compared with
STZ control, respectively.

GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

Wh : white pulp

Re : red pulp

Ca : central arteriole

All H&E stain, Scale bars = 160 pm.



I Total thicknesses (mm)
30 4 1 White pulp numbers (/mm?

25 4

20 -

Spleen histomorphometry
o

Intact §TZ Silymarin 800 400 200
Controls GOS treated group (mg/kg)

Fig. 17. Changes on the spleen total thicknesses
and white pulp numbers after STZ and
test article administration.

Note that significant decreases of spleen thicknesses
and white pulp numbers were demonstrated in
STZ control as compared with intact control.
However, these spleen thickness and white pulp
decreases were significantly inhibited by treatment
of silymarin, GOS 800, 400 and 200 mg/kg as
compared with STZ control, respectively.
Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body
weights.

GOS : Gamioryung-san aqueous extracts
STZ : streptozotocin

*K0.01 as compared with intact control by
LSD test

TX0.01 and #2£0.05 as compared with STZ
control by LSD test

1800
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Intact STZ Silymarin 800 400 200
Controls GOS treated group (mg/kg)

Fig. 18. Changes on the splenic white pulp thicknesses

o/g1d - 248

after STZ and test article administration.

Note that the marked and significant decreases
of mean splenic white pulp thicknesses were
demonstrated in STZ control as compared with
intact control. However, these splenic white pulp
thickness decreases were significantly inhibited
by treatment of silymarin, GOS 800, 400 and 200
mg/kg as compared with STZ control, respectively.
Values are expressed mean * standard deviation
of eight rats.

Silymarin was dosed as 100 mg/kg of body
weights.

GOS : Gamioryung-san aqueous extracts

STZ : streptozotocin

*K0.01 as compared with intact control by
LSD test

t2€0.01 as compared with STZ control by LSD
test
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rate) 8] S7+HE AAIBAY A 5 gleof g
U guwa A2 drmpe] P4 7|4 oy
7HA A& wEA oA dod, 93 HFARE
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AFFAYW 220 A Fo] AREHI 9loH, A
3} ~EY A =8 GERIR] YA DA
Helst= Roz A Yo

B AlgoMEs 7 IFE R ‘v’]“ﬂ streptozotocin
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A FuE A STZE A3 A 2E 5t
73}t SAlo] free radical® FAdsle] oxidative
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A AE 93] k=l alloxanel ¥ls) ¥]wAH A
o] ofsll, QleRFYI e FF Ao AHEslSt

D.]_Jl?i STZ OH]. J‘LL];Ié Etj_—_‘l% E‘ﬂ_xﬁ ].Z]‘ Eﬁ] )\]-
T

Lo g d3 AdEE 22z 49A 9
ouf, vkt Bud 8l gay IHF AEE 4
g X 8A Al o4 Y. o] FEEAA
gutdog Pof Fre| wstel 22 o s}ets]
s} A4 243 wsh A3 W oinsulin ¥
glucagon AAHHE 2] W 3lel] 7] 23}e] Sy &3}

£ 7é ﬁﬂ om, Akl gejshy W3, BUN
[e] E—H
q—%

2 Al W W2tz AM-E silymarin(milk
thistle extracts)= 3737 F2EIAM Fe= flavonoid
7483 akE 292 X glew, AE
SAsE AlA 9 *ﬂiTLﬁﬂ ‘Hﬁﬂ %_’mﬂ Tﬂ%i A
5 o = v?‘ 70]-
Akt 2Hg-0 2 type 1 5‘3 type 2 @=H

WEe M EdHeR o) Ex X853

d

w2

Mook ot HU
o
fo
=
fo
lo
o
"R
=
41
23
;-L
=
=]
S
5

r
2ok
ol

zA8 " WIe ‘ﬂﬂ]?ﬂb} g glucose«] 3
albumins % Ao E 3 AeolE WA X3k
I 84 albumins =+ A G4 Azl vl
7raEe] glo] 3 Ado] WAt Aoz eyt
g4, kiES oxballujdeRe A7 24 5H
73 Atell A %J‘ZZ} A%E d9ot A glucoses
7}, albuminZ4, BUN, creatinineZ7}ol+= ]38t
H37E Ho ] oboret”, Eif FZ2Ee ¥y
creatinine 2| & 234 ZFA&A17|v g4 BUN
# %% glucoseoll &= e v]A|A| 33}—‘3 O
By Hoe B meeEe 993 94
% creatinine | AR FH ot L% glucose]
Agpt AT Az W FAEAA dEF H S
E ke n A A G SEES IS KE,
#fE= ¥4 creatinines#¢] 74, %% albumin
WAZ7E A 37t lgl ot dditiel = o
g& FA 2393 84 BUN 49 FAkstE A
A& JAsE AFE A o oA
%}1‘”‘:}28 Al 550 grepBgAuke 82 creatinine
stk 28 A 7H2A171d BUNSHo = SHst
cﬁ'—% o) 27 ekokek, v 509 gzl anre] of
L Fodo A= A creatinine?t BUN, &%
albumln WAHE FosA FRAFHoY uF
glucose] “:‘E}‘/} NATAzA W FAERA A,
GSHEA el &= 23t W37t HelA] aksket

2 Aol "}%‘& kB RS HE, EIE,
Mot & 9 Ak TR WiETHE, EFE L

T, fLEdkiRele £50] Sl ®Hit [~

q

o



5ol Slv #AA KBS &%l e &EL
it el Z5e] 3l

F7REMRER LSS HRif, 4
+ 1LgE RBEKR 2 HEREESE R0, e
uﬁ%"«l 50 9l hkA, BEEESS BEE
st 2ol el kS ulsisln’. o] A
w2 A ateye AAW e A kel A B kiZ
° 2 WZEE A MELF, Kl FE 5 5
of ALEgeH FuuA AFd =
7b 79 =

B AgelM STZ Fool s A3 AF9
A, 8] Zokeh FAlel Al AL 4
%3 insulin QAP ES] ZHA 3 glucagon AJAHA]
29 7P "z A3atA o2 e, o]
EI_’%MT% FABHA Ao M E] el ot
ol e o9} A AR FH S
Bl 2ujg g% BUN % creatinine 33
7kel @A, AAe] AR S ZAbell A A
o WAo] ojHe s
70‘ W MDA &z
2 CAT 49

o
st &

o =
TES B

X

L olN 0‘1}1 "-"r
(e ©

oft
o,
N
i
NS
2
O

>
>

oty

et

2

lo g
ni >>L 2

7711 4%‘}403 oA
AR Fa 9 gawA] A5 fdel Feds)
L Aoz gkl

ghA Ik FLAER 800 2 400 Fed el A hnnk
REE Fo] 14LFHE, MskAAE 200 Fo Lol A
ol 27d FHE] STZ 2ol vl8] F-2JA3l
AFT SAF S 2= T
Aga A 2= AF #AAE STZ %
Type I Ty 2 olg} AAH Fol o3
WE = o] A}H el WEtE, weEkM 2 Ay A
AR MRTLAEL Fofol o3t Fof &3 oE
Z A2 A2l R AAE STZ Tz
d oaad @ oolgl #HE FH o] gt §

e rle

it

2

fof Jo X
w2 o Ho

5

5 o)xkH Wizt 7]““"4 A “'Hxﬂbé} 5 %ic‘r £
A3l Az sk iz 400 mg/kg 100 mg/kge
silymarinFol 23 A AlF A4 A 234

Jepi g,

ol A A" pikf AR o
A R “‘* b AA EE A5 2l

o2 FdEw, kAR 400 mg/kge
100 mg/kgS silymarin oI AR d374s)
=235 el

AR MEE vd ST7 Bz vehd 33
BUN ¥ creatinine %< Z7}, n|wA A4 74
3 2 Axde] ZAA AuHA 277} RE &
‘”*«l DKL AE Bo] 2ol Al Bof fe ojz™o

2 JA =g % BUN ¥ creatinine &3, Al
A e 37k 9 2 W] oAl 7

ok
oX,
>

L%&oﬂ LH% 0_}=ve_,] 6‘7]..2_ zlx\jz% o7 B
272 AHEHe] 9P o] & BUNS

AN
S
) Pz eadr 4% UFE 54
o

_?L’ril

To<e T
= 2, 8% BUNY| A5 dibde=
Ao ZAE 9n|sta, creatinine HA =
Hjehil A A A4 AMER creatinine EF 271 A}
TA Ao st 22 A Ags orEn

T~

2

J:\o o>,
[o3

Lo

MR RE R FEES BudA AFS A8 &
FapA AAlske Aoz AEEH, ki 400

mg/kge 100 mg/kg silymarin®t AR sHA
Ao dgt 235 Jepfldh

383



mekd B0l StreptozotocinZ FHtE BF o MERMFEM BEC o/Xl= HE

A2 ) 3aksl wbe] systeme] WIS HH,
STZ 5ol = el 22 Y MDA &2Fe] Z7te)
ko] 744, SOD 9 CAT A9 747}

kAR & % Folol| 9

E';}—'T: free radlcalv* ﬁ‘qﬁh_ °]E A 3
radical 5 ZFxd w29 Hdqle] I’ we}
A 2 AYY A kLS E E F2EY STZ
T Fay 2 Gl A dd 371 At
3} &3] s zHEE AR AA4E 4 9ldh
3 kLA Er 400 mg/kgS 100 mg/kg silymarin
o AR dAksl FAE el

e EREERE R RN VERIE R
& e R ug Fl gash 249es
Q%] KT R Relo] o ol g9 927
o2 ofAls|gle g A ehb Wols)
o AT oA FYS FLT Fwd TUZ
bz AFHT glovl, MRy A9 Felo]
o) R4 AEF 2E PUZe HHE A
o2 gelA oo, 2 499l A ¥ o) JkE
e Beds B9 AAAd) e S
sl Mgy 3 ole Aoz ke, g
W3 A4S deh) 71 BE A5} £015

A
2
-
L
i
r_&

A Foh gk ek
258 400 me/kgS 100 mg/kg silymarin® $-AF
g HggA] 2945 Jesioh

o] AFo] Aol A fmRILLEL 400 mg/kg= 100
mg/kg®] silymarin Fd3 AR AEZ Ak
3 dgAs 9 HedzAds £ gny 2 gy

HA Al W 2T 23 veple Zles

384

DIRT A A A AT bk
2342 H71e7) sleted STZ 8 2
92 ol 43}e] A7 Brhsiele,

L Ik ASE Fov dxy 379 AF3a, A
Ao 7% A %
ZF A8k o

2. MR BAER St 2y 79 g3z 83
BUN, creatinine % ﬁ"f} 2 9= gn
£9 57}2 7tz oA 3t v

3. MRTLAER Fole 9y 3139 A4 W MDA
g 371 GSHEH 74, SOD ¥ CAT 24

7}4, glucagonH GuEA 9] 4 Z715 7+t
ER S SE
5. MRALAER Tl Bxud 3F AR mukA
AFFA 73 9 Al
S 247 JAsk
6. ﬂﬂ%ﬂ’*ﬁﬁ Fr‘ﬂb Tk “3 37 A Tk

= al e RS
Fglow, IRALASES dakE EgitA 9 Wy
2% 3 gy ¥ g A2 w$
23 945 JepiE oz #EFHH

Huzd
L ubAe, A daw A A2 yel e, Ht
W 3+ak 3] 2009:77(6) :670-7



2. A= efdst AAWIHG A AlAW 2
Mg FAZEIHAL 2011, p. 95, 310-2.

3. Fujii H, Kono K, Nakai K, Goto S, Komaba
H, Hamada Y, et al. Oxidative and nitrosative
stress and progression of diabetic nephropathy in
type 2 diabetes. Am J Nephrol 2010:31:342-5.

4. Briede J, Stivrina M, Stoldere D, Vigante B,
Duburs G. Effect of cerebrocrast on body and
organ weight, food and water intake, and urine
output of normal rats. Cel/ Biochem Funct
2008:26:908-15.

5. Ceriello A, Quatraro A, Giugliano D. New
insights on non-enzymatic glycosylation may
lead to therapeutic approaches for the prevention
of diabetic complications. Diabet Med 1992:9
:297-9.

6. Bolling BW, Chen CY, Blumberg JB. Tea and
health: preventive and therapeutic usefulness in
the elderly. Curr Opin Clin Nutr Metab Care
2009:12:42-8.

7. Vessal G, Akmali M, Najafi P, Moein MR,
Sagheb MM. Silymarin and milk thistle extract
may prevent the progression of diabetic nephropathy
in streptozotocin-induced diabetic rats. KHen Fai/
2010;32:733-9.

8. Kavutcu M, Canbolat O, Oztrk S, Olcay E.
Ulutepe S, Ekinci C, et al. Reduced enzymatic
antioxidant defense mechanism in kidney tissues
from gentamicin-treated guinea pigs: effects of
vitamins E and C. Nephron 1996:72:269-74.

9. Lowry OH, Rosenbrough NJ, Farr AL, Randall
RJ: Protein measurement with the Folin phenol
reagent. J Bio/ Chem 1951:193:265-75.

10. Draper HH, Hadley M. Methods in Enzymology.
New York: Academic Press: 1990, p. 421.

11. Eyer P, Podhradsk D. Evaluation of the

micromethod for determination of glutathione

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

o/g1d - 248

using enzymatic cycling and Ellman’s reagent.
Anal Biochem 1986,153:57-6.

Beauchamp C, Fridovich I. Superoxide dismutase:
improved assays and an assay applicable to
acrylamide gels. Anal Biochem 1971:44:276-8.
Sternberger LA. The unlabeled antibody peroxidase
-antiperoxidase (PAP) method. In: Sternberger
LA, ed. Immunocytochemistry. New York: John
Wiley & Sons: 1979, p. 104-6.

Kim JD, Kang SM, Park MY, Jung TY, Choi
HY, Ku SK. Ameliorative anti-diabetic activity
of dangnyosoko, a Chinese herbal medicine, in
diabetic rats. Biosci Biotechnol Biochem 2007:
71:1527-3.

A5, AA, Fodh SAE FAHE R
B ERRS A, ghsha 2ekE)A] 1985:2
:61-9.

AR, REERE A& AEAR 2003 p.
514-7.

Osicka TM, Yu Y, Panagiotopoulos S, Clavant
SP, Kiriazis 7, Pike RN, et al. Prevention of
albuminuria by aminoguanidine or ramipril in
streptozotocin-induced diabetic rats is associated
with the normalization of glomerular protein
kinase C. Diabetes 2000;49:87-9.

Giugliano D, Ceriello A, Paolisso G. Oxidative
stress and diabetic vascular complications.
Diabetes Care 1996:19:257-6.

Quine SD, Raghu PS. Effects of (-)-epicatechin,
a flavonoid on lipid peroxidation and antioxidants
in streptozotocin-induced diabetic liver, kidney
and heart. Pharmacol Kep 2005:57:610-5.
Anjaneyulu M, Chopra K. Diltiazem attenuates
oxidative stress in diabetic rats. Hen Fai/
2005:27:335-4.

Wellington K, Jarvis B. Silymarin: a review of
its clinical properties in the management of

385



mekd B0l StreptozotocinZ FHtE BF o MERMFEM BEC o/Xl= HE

22.

23. A

24.

25.

26.

21.

28.

386

hepatic disorders. Bio Drugs 2001:15:465-89.

Huseini HF, Larijani B, Heshmat R, Fakhrzadeh
H, Radjabipour B, Toliat T, et al. The efficacy
of Silybum marianum (L.) Gaertn. (silymarin) in
the treatment of type II diabetes: a randomized,
double-blind, placebo-controlled,
Phytother Res 2006:20:1036-9.

clinical trial.

DJ-LB:JH /~ qu Rat /\]7]% ‘%l ;_;d il }ﬂ
stof| m|X= oJgf o ghaba ek 3 A 2008:
29(3) :787-99.

TR, oldE AIE LA olFF Eéﬂ
4 rato] BERRNME B
gk

g 283 7] 2008:29( 4)

streptozotocin & =
o AL . o)
:1025-36.
A4k 744, g3l skiEo] Streptozotocin
oz {5 Rate] MEREME BiEC vIAE &
%, o gete)sts]a] 2008:29(4) :133-45.

249, 18%, AR BoL 325 AT
=037} Streptozotocinell )3 312 wyuwA
A&l w| A= oFek ekt zsts]A] 2006:21(3)
:75-81.

T3], 784, BHCHEGINEFE | Streptozotocin
oz fabE 3F 9 MEREME BHE A E
of k. wigkete]sha]A] 2006:27(1) :47-56.
Z8F, ASA. BRGNS, K, F1E

7} Streptozotocin®. & &=l A ¥R

29.

30.

3l

32.

33.

34.

BhEel |2 <dek o shahy #fshs] 2] 2005:
26(4) :767-75.

/\J%HJ F3Y, BEEAE Streptozotocm
o2 U HERR 3F e g9 F BERRE

TE Wrelol w)x|= o33k g F-shs]A] 2008:
25(3) :115-2.
Uz, 24, 29, WERIELS 5 o

[k ea7} Streptozotocinel] 28+ 31 2] R

TRt BEel wlAe odsk dRF3A] 2005
22(5) :1-10.
gupore) g wA A9 93] A, FbekElE A

<0 AlGARAL 2010, p. 126-30, 315-21. 519-22,
746-9, 751-5, 769-73, 790-6.

Pinzone Fox, ML, Sastry MK, Parenti DM,
Simon, GL. Plasma leptin concentration increases
early during highly active antiretroviral therapy
for acquired immunodeficiency syndrome, independent
of body weight. J Endocrinol Invest 2005:28
:1-3.

Montilla P, Barcos M, Munoz MC, Bujalance
I, Munoz-Castaneda JR, Tunez I. Red wine
prevents brain oxidative stress and nephropathy
in streptozotocin-induced diabetic rats. J/ Biochem
Mol Biol 2005:38:539-44.

Sodikoff CH. Laboratory profiles of small animal
diseases. A guide to laboratory diagnosis. 2nd
ed. St. Louise: Mosby: 1995, p. 1-36.





