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Effects of Daeboeum-hwan Aqueous Extracts on Streptozotocin-induced Rat Diabetes
and Related Complications

Woo-suk Choi, Kyeong-min Yoon, Yeon-kyeong Lee, Seok-bong Kang
Dept. of Oriental Internal Medicine, College of Oriental Medicine, Dae-Gu Haany University

ABSTRACT

Objectives : The object of this study was to investigate the effects of Daeboeum-hwan (DBEH) aqueous extracts on
Streptozotocin (STZ)-induced rat diabetes and related complications.

Methods : SD rats were divided into 6 groups (n=8): 50 mM citrate buffer and vehicle (distilled water 5 mé/kg)
administered group (Intact control), STZ treatment (60 mg/kg, single intraperitoneally administered) and vehicle administered
group (STZ control), STZ treatment and silymarin 100 mg/kg administered group (Reference), and STZ treatment and DBEH
extracts 50, 100 and 200 mg/kg administered groups. DBEH extracts were orally administered once a day for 28 days from 3
weeks after STZ treatment. The results were compared with silymarin 100 mg/kg.

Results : Decreases in the body weights, increase of kidney and liver weights, blood glucose, BUN, creatinine, AST, ALT,
LDL, triglyceride and total cholesterol levels with decreases of HDL levels, increases of pancreatic MDA contents and
decreases of GSH contents were detected in STZ control as compared with intact control. These diabetes and related
complications were inhibited by treatment with 100 and 200 mg/kg of DBEH extracts.

Conclusion : DBEH extracts showed favorable effects on STZ-induced diabetes and related complications mediated by
their antioxidant effects as similar to silymarin. Because the lowest dosage (50 mg/kg) of DBEH treated group did not show
any favorable effects as compared with STZ control, the effective dosages of DBEH is considered as about 100 mg/kg, while
DBEH extracts at 200 mg/kg showed similar effects as compared with 100 mg/kg of silymarin. It, therefore, is expected that
DBEH will show favorable effects on diabetes and various diabetic complications.

Key words : Daeboeum-hwar DBEH), diabetes, diabetic complication, streptozotocin (STZ), silymarin

M2 Zol}, Q1&d EAATAIN &) HEIA
w3} gaz ddte] wAHE 1YY 4 2 o
o FuEE At Pt BABOE A%HE

fogd guue I e 27 4% U,

guue dud Pul AU EE 4y 3

CaAAAE ARE dTA FAT A 16584

gl 24 trane Ay BB nPA AT, ke v
TEL: 053-770-2102  FAX: 053-770-2055 4 & AEY 59 54 A S H 7

E-mail: kangsb@dhu.ac.kr

858



w4 RIS A% AEE 2 9wEA 2
el BT $9F S A2 ATy
& T 9N FAEHSS dedan
9 NE soz gasion WIFHES L A&
Z7kske #A0lr J1Ed 14HQ Azgore
WS Y E3E wA Rike 90} wob A4
28 Aol A48 aFHw g,
grojetol N B2 IRl Wil s

9 WlE
BA BARE S ot s BAZ B 5 9
o kS A S HESE WET B
AAsE HHE AL 5 90

KNS FHBOLE - R %o vos 2w
OF Bk WEHA s %ol ol WEkER
b BEo] Yehke BE JERS ke )
EAQ HiRMEA Hakke ¥ ﬂu@o Jifo o,

HA7HA Gl dis) FekS o83 AFF
ATZE A, Eald, 2A8E° BT
B Ak, R s
% W AR mRAL :94 Tt K%
50 ORI MIEES, RS 59 Hinkflol e
217k Aot ol HzA KAl g B

=
L B}\ }\}\

ojo B Ao Xe Kifilrie d=y 2 I
Zo] i3t a3E FHE] 95k, streptozotocin

L EE PRSI
4 el wsks A9 3
i3} 52 AR oI A%E

e

9zl o] oA Sprague*Dawely rat (6 weeks
old upon receipt, SLC, Japan)E 797t £313+4
< AA AR /‘}30}31031 ‘rﬁ}ﬂr;‘* 2 A3
A 717 s 2% (20-25TC) = (30-35%)7}F

229 ASAA rarg polycarbonate A3 AL
o sute}d 4=83te] AR, W 7] (light
dark cycle)E 12413F 712 2483190 H, Al
(Samyang, Korea)®} &4+ A5 T33HHh
B AR AM-E BE AFFE-S "Guide for the
Care and Use of Laboratory Animals"'o] Z3}o]
A= skt

2) AgekA

2 A AREE FAle AN (BASHAL O
T, Korea)ol A v dst A& Av]Astol A s AL
g Tl dAste] Agatlon, & Ay ARE-
B oK 13 ko] AL <Table 1> 2tk

Table 1. Composition of Dagboeurn-hwan Used in This Study

Herbs Scientific name Korean name Amounts(g)
Phellodendri Cortex Phellodendron amurense Rupr Hwangbaek 160
Anemarrhenae Rhizoma Anemarrhena asphodeloides Bunge Jimo 160

Rehmanniae Radix Preparata Relmannia glutinosa (Gaertner) Liboschitz
Geoclemys reevesii Gray

Testudinis Plastrum

Sukjihwang 240
Gwipan 240

Total

4 types 800

All individual herbs were purchases fromlocal voucher (Hyo-sung Pharmacy. Co. (Daegu, Korea)) after confirm the

morphology under microscopy.
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A#eA 0| Streptozotocin@ 2 FTE ARS

[e]

< rotary vacuum evaporator (N-N type; LAB
Camp, Dajeon, Korea)Z 719t &5l AZ2A9
FEES A& t}S programmable freeze dryer
(PVTFDI0A; ilShin Lab., Seoul, Korea)E AH8-3}
of B4 AZXANA, F 2012 g (& 9 1258%)9)

A2 & F255 Ao AP ARl +
HIgk Kl B 252 200y W] By

T Ao Al eH, B AN A v
o] ZF 40 mg/mle] SR wlwE & &3
= At

2) Y= i

e 2 el WIS FEs] fsy

Sathishsekar$}  Subramanian®] W%e]  wle},
streptozotocin (Sigma, MO, USA) 60 mg’kg= 50
mM citrate buffere] £3|AA, AHFE AF kg
5 me FEE 23 GY needleo] 2 3 ml F
A2 B3 BRI on, AU RFAE
STZ Al 50 mM citrate buffer?t 543+ W0
2R3

ZF %rig F 80nkglE STZL H
HoH, ymA 16vtge BddzTo=
Ak STZ v g AAds 59 219 &
I (AAUEE 807120 mg/dl, STZ FoF :
3107362 mg/d0)# AT (R ¢ 2197245 g,

1

1y

L HO
%—‘-‘-e

[e]
.
e

ek ol

11727193 g)o] Y8 i wkpo
APEEw NAYFe] A A5
) AT 9 3 o8 T

APEEo 73 gnlgH g1Eoz TR
STZ ™Al 50 mM citrate bufferE —roﬁﬂ AA

Zi (Intact Control), STZ % B FHFE F
a3k STZ 2 (STZ Control), STZ 2 silymarin
(Sigma, MO, USA) 100 mg/kg2 F43} silymarin
FoJF (Silymarin 100), STZ 2 Kififeh & 52
E 50 mg’kg F49+ (DBEH 50), STZ 2 Afifikz
o E FEFE 100 ngkg FoT (DBEH 100),
STZ ¥ Kifilzh & F5F 200 ngks FoT
(DBEH 20008 63o2 FHE3lo AFsitt
(Table 2).

INIES —’F%% 9 silymarin 27t Bt S/
T &3AA FE AF kg T 5 me] §FoE
STZ 5 219 F37H, W 1914 28 %
ZW (sonde)7} F2HE 3 ml FAIE ©
A AT Tttt Be APs=2 STZ Fo4Y,
RO AR B HE B 47 18X7 B
A2s AAstden (o] 7IE S4e A
EA 1A}, picric acid= 7HAS 4]

{0

o
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i=]
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Table 2. Experimental Design Used in Single Dose Toxicity Test

Groups (n=98)

STZ/Test article/Dose (mg/kg/day)

Intact control

50 mM citrate buffer and DW treated (5 m{/kg)

Control STZ control STZ 60 mg/kg and DW treated
Reference Silymarin STZ and Silymarin 100 mg/kg treated
DBEH 50 STZ and DBEH 50 mg/kg treated
DBEH DBEH 100 STZ and DBEH 100 mg/kg treated
DBEH 200 STZ and DBEH 200 mg/kg treated
STZ : streptozotocin

DW : distilled water
DBEH : Daeboeum-hwan aqueous extracts

DBEH, silymarin or vehicle were dosed at 5m{/kg volume, once a day for 28 days from 3 weeks after

STZ treatment
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EQUATION [1]. Body Weight Gains (g)

Diabetes and complication induction periods

= Body weight gains of 3 weeks of STZ
pretreated periods (At STZ treatment ~ 21 days
after STZ treatment)

After test article treated periods

= Body weight gains of 4 weeks of test article
treatment (Start day of test article treatment ~
at sacrifice, the end of 28 days of test article
treatments)

Throughout the whole experimental periods

= Body weight gains of 7 weeks of experiments
(At STZ treatment ~
days of test article treatments)

5) /\]x} Za’kg] =3

A5 S 2E 4U5E A5
Z

at sacrifice, the end of 28

%u HIEQ A FHE 0}710 FAR2IE
01%0}04 AEteith
EQUATION [2]. Relative Kidney Weights (%)
= (Absolute kidney weight / Body weight at
sacrifice)x 100

A% 3490 RE AYFEY S HE3]
BT T A9 FHE S8 A0 B
2 sgor], AFel wslel Sue o)A wake

EQUATION [3]. Relative Liver Weights (%)

= (Absolute liver weight / Body weight at
sacrifice)x 100

7) 8% glucose THF] =74
STZ 7ol 21d ¥ 3 HF Lol BE 43
TEE I8ARF old A2 F FgUF (orbital

plexus)ol A NaF glucose vacuum tube (Becton
Dickinson, USA)l ¢F 0.3 mie] 84S AAFS o
+ 3000 pme 2 A4EFstd S #Estd
. o]%F AFIAEAHIA (Toshiba 200 FR,
Japan ) & ol83te] EF glucose FFE A4 =
Aatgth $EEA 2 gxoE 5o A A
X}Ol ol o3 EF glucose &2 AolE HAa3}s}
7] S13f &t719] FA41E ol &dt] $REH Fof
A39] 8% glucose ?ﬂ%M HslEs S48 At

EQUATION [4]. Changes of Plasma Glucose
Levels (mg/d0)

Changes (After test article administration) =
Plasma glucose levels at sacrifice—Plasma glucose
levels at 21 days after STZ treatment, before test
article administration.

8) = blood urea nitrogen (BUN) dtzke] =

STZ Fof 219 & 2 HF AL e 43
TES I8ARL o]} A4 F tepmE I oy
@ (vena cava)llA ZZb & 05 2 6 m(e] E
AHstAow, Ao 1A A= AT o
3000 rpme.2 H4lieste] A FEetsth
o]% AFPMEAGA| (Toshiba 200 FR, Japan)
o % BUN ¥#s 247 S48tk
2 g xoE Fo] Mo A Aol 9

o tlo o o o
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EQUATION
Levels (mg/d0)

Changes (After test article administration) =
Serum BUN levels at sacrifice—Serum BUN levels
at 21 days after STZ treatment, before test article
administration.

9)

STZ T4 219 &

zoo

[5]. Changes of Serum BUN

Y= creatinine I &4
2 A Sl B

=
- 2
BT ol BH % debguEn Fohy

o=2=
oA Zzk oF 05 2 6 me FAS AFHFHL
o AL 1417 A wA)EE T2 3000 rpme

2 29 wg —Erﬂ's}%lﬁ}. NF A5

NE =] (Toshiba 200 FR, Japan)E o]&3}e]
¥Z creatinine fﬂ%}g 77 2R3 90 EREA
% tlzokE ol A AA Aold IF BF

creatinine 2] Z}O]E Haglatr] 93 3719
TA6lE oldste FHEA Fo A% FF
creatinine 3F#F<] tﬂfﬂf FS SHSA

EQUATION [6]. Changes of Serum Creatinine
Levels (mg/d0)

Changes (After test article administration) =
Serum creatinine levels at sacrifice—Serum creatinine
levels at 21 days after STZ treatment, before test
article administration.

10) 8% aspartate transferase (AST) &9

34

STZ 5o 219 ¥ 2 HF sl4Ye) ZE 49
FES I8ARE o) A F AT FUA
ol Zbzt ok 05 2 6 me] FAE AFIAL

U%, el 1A17E
°W‘:'r’45‘}°4 %‘%3 T8kt Olf‘r Z}%f’é

A% WA

ff__,_:]%— AST 6‘]‘3]:_— 71—7]— 2;801_93‘1:}_ TE.UX] 1;%
zots Fo A A Aold] ogk dF AST

B Aol2 A28 A9 319 AT
olgstel FRED Fof AT BF AST ool
dslae 24590

EQUATION [7].
Levels (IU/L)

Changes (After test article administration) =
Serum AST levels at sacrifice—Serum AST levels
at 21 days after STZ treatment, before test article
administration.

1) g

Changes of Serum AST

alanine transferase (ALT) <]

STZ o 219 & 4 HF AL e
TES 18ARE o) A F bW Fo)
o Zzt oF 05 2 6 mel FAe HHsAL
oA 1A1ZF A= WS -2 3000 rpme
gt A& EEdth ol Asd
}2] (Toshiba 200 FR, Japan)E ©]-&3}4
ALT s 474 338tk $EE4 3
A9 A ztolo] ok EF ALT
4*5}0}71 S 8719 FA8l=
Fo] A% A ALT 3o

TR\
oxl o o

-
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o>
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X
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EQUATION [8].
Levels (IU/L)

Changes (After test article administration) =
Serum ALT levels at sacrifice—Serum ALT levels
at 21 days after STZ treatment, before test article
administration.

12) 8% high density lipoprotein (HDL) &
o &4

STZ %o 219 & % HF ALl B 4
1847 o3 A4 F A RISy
wolq 27t oF 05 @ 6 nee) WAe AT
o, &M 1A A= BAg v 3,000 rpm
2 diliestd @3s BEsith ol Asd

B O oo &opet 42 WU O H

b oo ot PN off Ao
oy o fo 19

o & ., Mo

Changes of Serum ALT

=
e

3]
=

[e]
TES 4

A2 (Toshiba 200 FR, Japan)E o] &3}
3% HDL &S 27t 34339t $RE4 ¢
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EQUATION [9]. Changes of Serum HDL
Levels (mg/d0)

Changes (After test article administration) =
Serum HDL levels at sacrifice—Serum HDL levels
at 21 days after STZ treatment, before test article
administration.

13) % low density lipoprotein (LDL) 3]

WAg o 3,000 rpm e
DRERER ﬁg%—g— weag, ol% A5e
A#32) (Toshiba 200 FR, Japan)E ©]&a}o]
LDL #%¢ 247 23390 3184 2
Fo Aef A Aol <3 dF LDL
o2 HAigsl7] Ysl 5719 w4101
? ”éEﬂ;ﬂﬂJ 8% LDL &%

EQUATION [10]. Changes of Serum LDL
Levels (mg/d0)

Changes (After test article administration) =
Serum LDL levels at sacrifice—Serum LDL levels
at 21 days after STZ treatment, before test article
administration.

14) 8% triglyceride 33| =4

STZ Fof 219 & 4 HZF gAY e 23
TES 18R o]} M & tepu T oA
oA 7z oF 05 2 6 me] dAE H3AL
o, Lo 1A A% W3 T2 3000 pme
2 dAEestd 84S sttt oF 2A5d
HAEXAR] (Toshiba 200 FR, Japan)E o] &3}
85 triglyceride &S 747 S8 —?E%
24 g txoFEFo A A Aol %

294 - 270 - 0/o1Y - 248

triglyceride 3] ztol& HAa3}sl7] 9fs) 81719
FANIE ogsle] FREA Fof AT 83
triglyceride 9+Fe] Hatds Skt

EQUATION [11]. Changes of Serum Triglyceride
Levels (mg/de)

Changes (After test article administration) =
Serum triglyceride levels at sacrifice— Serum
triglyceride levels at 21 days after STZ treatment,
before test article administration.

15) 8% total cholesterol ¢H3Fe] =4

STZ %1 219 ¥ 2 A% Y] RE 9Y
FES BT o1 B4 F QoY Fohy
wol ] 22t oF 05 % 6 i) e AR
, oA 1R A A T 3,000 rpm S
2 diEeste 838 BYsit ol Asd
AR (Toshiba 200 FR, Japan)S 0]9—?3‘}04
83 total cholesterol ¥#&2 717 43190 &
HEd 9 gixoks Fof Ao A Aol ot
Y= total cholesterol ko] zpo|E & 435}
Aal sH19) FANAE olgstel FuE Fo
A% 8% total cholesterol e WH3les =
A3k

EQUATION [12]. Changes of Serum Total
Cholesterol Levels (mg/d?)

Changes (After test article administration) =
Serum Total cholesterol levels at sacrifice —Serum
Total cholesterol levels at 21 days after STZ
treatment, before test article administration.

16) A3 W malondialdehyde (MDA) 2 glutathione
(GSH 3}?*«] =4

=)

2, o

i ‘ﬂzq st FH AWRAS AASFAL o]
1—Kmmwu3u]%%%wEJn9VdsmefddOE
M/L KCl 2 1.9 mM/L ethylenediaminetetraacetic
acid7} -9 £ A homogenizedtl, &N
w&3ted MDA ¥ GSHE ZA3tach
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AU 9 d e Lowry 9 WHTo
standard2 ©]-&3}¢]

3l

o=

bovine serum albumin
Batson, AdR4st (lipid peroxidation)
Draper$} Hadley 9] **¥™o.2 2-thiobarbituric
acidE ©]838ld MDA (nmole)/g protein ©$|Z
S48tk

T st 5%S Adsky] 98 Everst
Podhradsky <] ¥H% 9.2 microplate readere] 2%
A7) enzymatic recycling procedureE ©]-&38}
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749 one way ANOVA testE A
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Tooft dY do o Mz L

Fg ANstel T Fo4S S v
A 7§‘°r°ﬂE HI R4 A5 Krus kal*Walhs
est® WA fodol AFE Aol

Mann-Whitney U-Wilcoxon Rank Sum WE A A]
ato] 78 oS ASAT EE BAAE
+ SPSS for Windows (Release 14.0K, SPSS Inc.,
USA)E o|&3te] H7katdom, p-value7t 0.05 ©]
a8 AF TAA 7o8s d8sHh

t\:t:;l. STZoﬂ 46], 1:]-1_ u] 1:]—\_ ?}Hﬂz‘/l om
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T79] percent changeE 31712 F4[13]S o|&
st S, FqEd9 as HFs 3t
7] Y3t = T STZ 2T percent
changeE 31719 F4[14]5 ol&sly 77 =43}
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EQUATION [13]. Percentage Changes
Compared with Intact Control (%)

= ((Data of STZ control—Data of intact
control)/Data of intact control) x100

EQUATION [14].
Compared Streptozotocin Control (%)

[‘

|

as

Percentage Changes as

864

=((Data of administered groups—Data of STZ
control)/Data of STZ control)x100

n. & o}

1. HSe| st
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200 mg’kg FATFANME STZ tiZ2Tol vls) 72
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CHTable 3).
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& ZEo| 3
Azt Hle] STZ tzFdAe +94
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NF A FE)E STZ g 2AE A4
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-1620%<] ¥sE e

A A FEAE STZ 2FAAE 4
Z3d HE 177.16%2 WHaE Jehpgon,
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Too|AE STZ tizTol Hla] ztz -2459,
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=% HgE YeRtTable 5).

HAY FHAE STZ dzFdAe 43Uz

6
A
(=)
o
=
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=
X‘E
:“-: N

o xo
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294 - 270 - 0/o1Y - 248

ol Hlel 5266%¢] WstE UEH S silymarin,
Kt B 325 50, 100 2 200 mg/kg Tl
A= STZ tizoll Bl 2+2} -14.37, -6.02, -10.09
2 -1557%9] WglE YER.

AT FHAE STZ d2Fddes AUz
7ol Hlal 145.16%9] WstE YER O™ silymarin,
Kiffet 25 50, 100 2 200 mg/kg 5o 7ol A
STZ Wzl Bls) zhzh -23.83, -8.26, -17.76
-2542%9] WslE UEith

sa

—— Intact control

—O— Streptozotocin control

—w— Silymarin 100mg/kg treated group

—v— Daeboeum-Hwan 50mg/kg treated group

—&— Daeboeum-Hwan 100mg/kg treated group
300 4 —O— Daeboeum-Hwan 200mg/kg treated group

280 -

260 -

240 A

220 A

Body weights (g)

200 -

180 -

160 -

140 -

At éTZ 6 ; 1‘4 2‘1 2‘7 sacr‘lﬁce
Days after test article administeration
Fig. 1. Body Weight Changes After STZ and Test
Article Administration.

Note that the body weights in STZ control were
significantly (p<0.01) decreased from 3 weeks
after STZ treatment, at start of test article
administration. These body weight decreases were
significantly (p<0.01 or p<0.05) inhibited by
treatment of silymarin, DBEH 100 and 200 mg/
kg from 21 days after start of test article treatment
as compared with STZ controls, respectively.
No meaningful changes were detected in DBEH
50 mg/kg treated group as compared with STZ
control; Day 0 means at start of test article
administration; All animals at STZ treatment
day, sacrifice and Day 0 were overnight fasted.

869



A HO| StreptozotocinZ R E AES Yid 3 Sz 3y

Sof olx= g

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

Body weight gains during

(g)

Diabetes and related complications induce

Loz periods, before start of test article treatment After test article Totgl experimental
(3 weeks) treatments (4 weeks) periods (7 weeks)
Controls
Intact 5850+5.32 23.25£8.718 81.75x11.60
STZ 10.38+3.96% -19.00+5.07+* -8.63+5.97*
Silymarin
100 mg/kg 10.50+1.69+ -3.75£11.78+" 6.75+11.65+"
DBEH
50 mg/kg 10.88+2.47+ -20.637.71% -9.756.76%
100 mg/kg 10.00+3.07 -0.13+8 25 0.88+7 51"
200 mg/'kg 10.63+3 .46+ -3.25£7.92" 7.38+6.76+"

Values are expressed Mean + SD of eight rats
% p<0.01 compared with Intact control
# p<0.01 and ## p<0.05 compared with STZ control.

866

Table 4. Changes on the Kidney Weights After STZ and Test Article Administration

Kidney weights

Cirgios Absolute (g) Relative of body weights (%)
Controls Intact ‘ 0.693£0.022 0.272+0.009
Streptozotocin 1.201+0.085% 0.753+0.068+
Silymarin 100 mg/kg 1.017+0.099+" 0.568+0.071:*
50 mg/kg 1.206+0.084 0.737+0.059+
DBEH 100 mg/kg 1.074+0.077+ 0.615+0.043+*
200 mg/kg 1.0060.101 0.557+0.052:"

Values are expressed Mean + SD of eight rats

* p<0.01 compared with intact control
# p<0.01 compared with STZ control.

Table 5. Changes on the Liver Weights After STZ and Test Article Administration

Liver weights

(Cromips Absolute (g) Relative of body weights (%)
Controls Intact . 5.134+0.850 2.006+0.292
Streptozotocin 7.838+0.727% 4.919+0.556%
Silymarin 100 mg/kg 6.712+0.571+* 3.747+0.421%*
50 mg/kg 7.367+0.937% 4512+0.673*
DBEH 100 mg/kg 7.048+0.335+% 4,045+0.330+*
200 mg/kg 6.618+0.649+* 3.669+0.404*

Values are expressed Mean + SD of eight rats

* p<0.01 compared with intact control

# p<0.01 and # p<0.05 compared with STZ control



4. @ glucose EH2ko| B3}

Azl Hls) STZ ol H e FEFo
A% 8ZF glucose T 9 WHstFo] BT {94
Qe (p<001) F7HE ‘JrE}”“jr Silymarin, AffiEz

A FEE 100 2 200 ngkg FATANME 44
STZ 7o) vl FEFo & 5 glucose &
3 Fol A5 HEe] fo4d gle (p<0.01) F4
7} AA = A Table 6).

a8y KL FFE 50 mwke T
STZ Zz73 FAFe €% glucose $HFo] W3S
Uetgon BE o FoTdA dEFo d ¥
% glucose &S STZ Z27Y FASH 25
At
R ES A HZE glucose FHFS STZ hZEF9
= AUz vl 23040%2] WEE YER

EL4A . 2240/ . 0/01H - ZHAE

1 silymarin, AffizA F22 50, 100 2 200 mg
/kg FAFINE STZ vz vls) 2hzh -2.48
0.30, -0.19 2 0.08%< H3}= Yehl A

FEEA & HF glucose FHS STZ tZ279
Me BTzl s 28294%92] W3S Uehy
o silymarin, KfflEh F2E 50, 100 2 200
ng'kg FololME STZ tixatd ws zZz
-1356, 047, -866 2 -12.18%9] wW3l= vebi

bERo A 47749 EF glucose Tl W
g STZ UzTdAye Aoz s
1606.25%<] WH3}E YElWoH, silymarin, Affilz
H FEE 50, 100 E 200 mg/kg T = STZ
27l Hls) 47 -67.58, 1.28, -50.00 2 -71.98%
o Wgs Jehych

Table 6. Changes on the Blood Glucose Levels After STZ and Test Article Administration

Blood glucose levels (mg/d{)

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

Controls

Intact 100.75+12.17 104.75+11.67 4.00£5.88

STZ 332.88+13.88+ 401.13+13.09% 68.25+15.67*
Silymarin

100 mg/kg 324.63+8 48+ 346.75£9 51" 22.13+12 DA’
DBEH

50 mg/kg 333.88+10.49+ 403.00£13.01* 69.13+15.10+

100 mg/kg 332.25%10.85% 366.38+17.15+" 34.13+18.89*

200 mg/kg 333.13+16.77% 352.25+19.65+" 19.13+15.90%"

Values are expressed Mean + SD of eight rats
* p<0.01 and ** p<0.05 compared with intact control
# p<0.01 compared with STZ control

5. &% BUN &ato| H3}

ARz vle) STZ hERFAME FEF
A% g% BUN ¥ ¥ w®sglEo]l f94 Al
(p<0.0D) F7Fatet. Silymarin@ KHfifzh F&=
100 2 200 mg'kg FATFANME 4 STZ iz

A= (p<o.0D) &
BUN 61—301:9,] 27} QA= A Table 7)
50
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e

HR2

Z7 Al BEE A
3% BUN g STZ )27l A
Jati 2ol vls) 20243%9] W3S Yehg o
9, silymarin, Kffilzi FEE 50, 100 2 200 mg/
kg Folgolde STZ izl ws] 22+ 019,

rr

021, -021 ¥ -070%<] W3S Yehdc).
GFEFA $ ¥F BUN e STZ tl27-A]

= Az vs) 269.66% HEE Yehie
W silymarin, A& 50, 100 2 200 mg/

==x

TE=E

kg Foltol e STZ ol vl Zhz -14.99,
-181, 1050 2 -1616%9] wW3l= bt
BT AF 457ke] 35 BUN el W3l
e STZ zxFdMe A gz e
1533.73%9] ¥sts Uepi o, silymarin, Affil:

M FEE 50, 100 2 200 me/ke Tl ol ME STZ
iz wa 7 678, 885, 4631 ¥

6099%2] W32 e,

Table 7. Changes on the Serum BUN Levels After STZ and Test Article Administration

Serum blood urea nitrogen levels (mg/d¢)

Groups At 3 weeks after STZ At sacrifice, end of 28 days Changes after test article
treatment (A) of test article treatment (B) treatment (B-A)
Controls
Intact 1951+1.25 20.55+1.55 1.04£1.09
STZ 59.01£3.71x 75.96£4.10% 16.9546.08+
Silymarin
100 mg/kg 59.13+2.55+* 64.58+2.07+* 545+252+"
DBEH
50 mg/kg 59.14+3 .20+ 74.59+5.58x 15.45+7.93+
100 mg/kg 58.89+3.72x 67.99+4.345* 9.10+2.90%"
200 mg/kg 58.60+2.81* 63,6943 59" 5.0923.58*
Values are expressed Mean + SD of eight rats
* p<0.01 compared with intact control
# p<0.01 compared with STZ control
6. ©Z creatinine &2k | s} 2= A
Azl Bl S EHE"E qre FEFY FEEo] A ¥F creatinine S STZ ZET
% ¥F creatinine f& 2 wglo] §94 9l A RAZTY He] 2784%] WS e

G
.01)

—~

p<0.01) S7+= ‘45}”“4 Silymarin, AffilzH
100 2 200 mg/kg Toﬁ%oﬂ/\t z¥zy STZ
o BHlgf EFA F F94 e (p<0.01
p<0.05) ¥% creatinine 39 7471 <A
1CHTable 8).
2y ﬂ%ﬁl

L = R ) U [ -
32 [‘11‘ BN e
r-‘,.] m‘l‘j

=1

5 50 mgkg FoATL

Z creatinine ¢-3F9] W3}
UrF/}LH M~31 BE FATAAM %E F
2 STZ &3 frAlstA &

=
L

A

e e

% creatinine %
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o, silymarin, Kfizi F28 50, 100 2 200
ng/kg Tl e STZ vzl Hls) 22 050,
017, -050 % 067%2] W3l Yepi
OFEEo] & &= creatinine IHFS STZ Bz
dMe Azt vs 7662%< WalEs e
o0 silymarin, Kffifzi F52 50, 100 2 200
ngke FATolME STZ dizwd Hls 72
-18.09, 0.35, -13.83 & -19.62%9¢] W32 yehdch

ETo HZ 4F7E] EF creatinine &Y



Halge STZ dzTolMe AUzl He)
1975.00%¢] WeE Yepon, silymarin, Kffikz
W FZE 50, 100 2 200 mg/kg T E STZ

EL4A . 2240/ . 0/01H - ZHAE

)zt vl ZHzh -62.65, 0.80, -45.78 2 -68.27%
o] H3lE Yepioh

Table 8. Changes on the Serum Creatinine Levels After STZ and Test Article Administration

Serum creatinine levels (mg/d0)

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

Controls

Intact 0.58+0.05 0.60+0.02 0.02+0.04

STZ 0.75+0.06x 1.0620.15% 0.31+0.14%*
Silymarin

100 mg/kg 0.75+0.09+ 0.87+0.09+ 0.12+0.05%"
DBEH

50 mg/kg 0.75+0.04%* 1.0620.21 0.31+0.21*

100 mg/kg 0.74+0.05% 0.910.08+ 0.17+0.09+*

200 mg/kg 0.75+0.04x* 0.85+0.10 0.10+0.12"

Values are expressed Mean + SD of eight rats
* p<0.01 compared with intact control
# p<0.01 and # p<0.05 compared with STZ control

gzl s STZ gzl dE5Fo
8% AST &% ‘;‘ wslEko] oA e
<0.01) 27+ Yt} Silymarin, Kiflei 3
ZE 100 B 200 mgke FATAME 247 STZ o
Zo] HlE] FEFA & {4 e (p<0.01 E
E p<0.05) 8% AST & 2 wigleke] 7147} 9
AEAe}k I LA FE2E 50 mgks FoT
< STZ U273 fAksE 3 AST 339 Wgs

Uehion, BE FodA FEFY A dF
AST & STZ =27y AR #2EUT
(Table 9).

kB Eol A HF AST TS STZ 2T A]

= Az vle) 280.25%) HatE Uehie
o, silymarin, AffaA 25 50, 100 2 200 mg/

kg FATNME= STZ tizTol wls) Z+zh 143,
-046, 024 2 -0.09%2] W3}= Yepict
OFEEN & ¥F AST g#e STZ thE2TolA
E Az Hs) 670.36%2] WS Yeh)9d
o1, silymarin, Kfiifzi F=E 50, 100 2 200
ngke FAToME STZ tixsd wa zZtz
-2740, -1.65, -19.92 ¥ -2696%2] 3= el

8% AST ¥e] Wl
STZ dlzwol e Azt Hls) 6312.73%
512 et oH silymarin, Kififai 52
50, 100 2 200 mg/kg FoAToAE STZ Wizt
vl 247t -52.37, -2.68, -37.33 2 -50.24%°] w3}
£ Uehith
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Table 9. Changes on the AST Levels After STZ and Test Article Administration

Serum AST levels (IU/L)

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)

Controls
Intact 108.25+16.41 115.13+13.54 6.88+5.84
STZ 411.63+27.87+* 886.88+140.41 475.25+140.23+
Silymarin
100 mg/kg 417.50£18.09+* 643.88+111.66+" 226.38+120.86+"
DBEH
50 mg/ke 409.75415.65% 872.25%89.68* 462.50+93.48+
100 mg/kg 412.63£15.41% 710.25£111.41% 297.63£103.84x*
200 mg/kg 411.25+14.71* 647.7562.57+" 236.50+69.51"

Values are expressed Mean + SD of eight rats
% p<0.01 compared with intact control

# p<0.01 and # p<0.05 compared with STZ control

Atk Silymarin, Kffet FE2E
g FAFNMe 47t STZ vE
of Hlg] FEFS T FoA JA p<001) BF
ALT &= 9 wistao] FhAastolnt sk Al i
FEE 50 ngkg FAFL STZ Uz A
8% ALT 3] Hsls L}E}a‘is’.\ﬂ TE AT
oA kEEY A HE ALT e STZ gz
3 Ak #ZEAHTable 10).

BT A ¥F ALT e STZ thxTolA
= 4 Jtﬂ&%oﬂ 13] 632.31%<] ¥sls Yetho
™, silymarin, Kfififzi F2E 50, 100 2 200 mg/
kg BowolME STZ thxao) wis) 22t -0.12,
072, 018 2 0.12%2] H3}= L}E}h‘it}.

kB & HE ALT 35S STZ 2T A]
T Azl vlel 1254.22%9] ¥sE e
o™, silymarin, Kffifzh FEE 50, 100 2 200
ngkg FATANME STZ thzd ws zz
-18.80, -0.56, -10.65 & -20.11%2] W3= e
o

870

8375.00%2] W3E YEP o™, silymarin, AffilE
HFZE 50, 100 2 200 mg/kg Tl e STZ
ol wla) Zzh -3729, -1.83, -21.36 H
-40.12%9] WstE YERTh

9. €& HDL ?:.%’“QI i}
o

>
=
PN
St
2
z
ot
N

. 2
N

at
é
ﬂ?
Jﬁ
%o —lm

o]
?‘é}%k g ‘ﬂﬁ}%] %ﬂ*é |
(p<0.01) Zast¥ek Silymarin, Affifzh F25
100 2 200 mg/kg Tl 2442k STZ rHZ;Loﬂ
Hlg) okEFo] & o4 QA (p<0.01) EF HDL
gk g wslke] Skt ¢ A =
5 50 mykg FAOTE STZ tix7ol e #93
W37 gtk BE FoTA dEFo A g5
HDL &2 STZ iz frAketget (Table 11)
kR o A 83 HDL %S STZ tZFo) A
= AAHET H8] -39.19%2] W3S Jee
o, silymarin, Kffifzh 25 50, 100 2 200 ng/
kg FolrdllAde STZ dizel Hls 2+ 0.70,
-1.05, 0.35 2 -0.35%<] #H3l= e



FPH - 2HD - 0/91Y - YN E

kB Eo] B ¥ HDL TS STZ 2 ToA o STZ dzddMe  AAUzRT v
= Az B8 -6824%9] WaE R ~42895%2] WeE Yep o, Silymarin, Aff
on Silymarin, AilEHL & F2E 50, 100 2 i & FEE 050, 100 2 200mg/kg Tt =

200mg’kg FoTAAME STZ Wiz B3] 22 STZ Wz wls) ZHzh 7840, 320, 5440 ¥

61.73, 062, 4259 9 62.35%2] #3lE Uit 81.60%2] ¥W3}= Yepl itk
SRR ME 4F7re] 8% HDL kel w3}

Table 10. Changes on the ALT Levels After STZ and Test Article Administration
Serum ALT levels (IU/L)

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

Controls

Intact 28.63+5.66 31.13+4.02 2.50£3.46

STZ 209.63+15.44* 421.50+19.09+ 211.88+1847+
Silymarin

100 mg/kg 209.38+19.12x 342.25+31 49" 132.88+28.49+*
DBEH

50 mg/ke 211.13412.49x 419.13+25.31* 208.00+£34.83+

100 mg/kg 210.00£12.62x 376.63+14.56%% 166.63+21 51"

200 mg/kg 209.83+12.21 336.75+34.48+" 126.88+30.40+"

Values are expressed Mean + SD of eight rats
% p<0.01 compared with intact control
# p<0.01 compared with STZ control

Table 11. Changes on the HDL Levels After STZ and Test Article Administration

Serum HDL levels (mg/d0)

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)

Controls

Intact 59.0046.39 63.75+7.63 4755582

STZ 35.88+6.60% 20.25+2.55% -15.63+6.48+
Silymarin

100 mg/ke 36.13+£2.70% 32.754550+* -3.3846.89%*
DBEH

50 mg/kg 35.50+2.98% 20.38+1.67+ -15.13+2.10x

100 mg/kg 36.00£4.72% 28.88+2.10%" -7.13+3.27+*

200 mg/kg 35.754557% 32.88+3.98+* -2.88+4.32+*

Values are expressed Mean * S.D. of eight rats
% p<0.01 compared with intact control
# p<0.01 compared with STZ control
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01) Z7Fsk3eh. Silymarin, Kzt F255
100 2 200 mg’kg FATFANME 47 STZ thzd
o Hla]l okEFo T fFosiAl (p<00l EE
p<0.05) % LDL &% 2 wslgo] 7rastit
S A 325 50 mgke FATL STZ W
Zo] Hla) frolgk Wshyt gk ZE Fofatel
A BT A 8% LDL dFS STZ Hx+3
frARHAl A2 ATH Table 12).

GEEY A dF LDL g#e STZ ol A
= AR ve 117.02%9 H3lE Jehge
™, silymarin, Kt F2E 50, 100 2 200 mg/

kg ool E STZ ol vls) ztzt -0.98
1.96, 098 % 0.00%<] W3l et

FERol 3 ¥ DL ke STZ tZFolA
= AR Bl 277.55%9] W3k JEhdo
™, silymarin, Kl F2E 50, 100 2 200 mg/
kg BT E STZ o) Hla] Zhzh -2378
054, -17.84 2 -24.32%9] W3}E Yehdch

FERA A 457k EF LDL e weg
2 STZ dz2TtoAe izt Blsl 4050.00%
o W3lE Vel oy silymarin, KiflEh 255
50, 100 2 200 mg/kg FATFANME STZ thEol
)] Zh2} -51.81, -1.20, -40.96 2 -54.22%<] w3}
£ YUehith

Table 12. Changes on the LDL Levels After STZ and Test Article Administration

Serum LDL levels (mg/d0)

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)
Controls
Intact 5.88+1.81 6.13+1.81 0.25+1.28
STZ 12.75+1 .58+ 23.13+£3.80 10.38+4.41*
Silymarin
100 mg/kg 12.63+1.92x 1763250 500£3.12+%
DBEH
50 mg/kg 13.00+2.27% 23.25%3.33x 10.25+4.33+
100 mg/kg 12.88+2.10x 19.00+1.60+ 6.13£2.17+*
200 mg/'kg 12.75+2.66% 175042.56+" 477543 Pt
Values are expressed Mean + SD of eight rats
% p<0.01 and ** p<0.05 compared with intact control
# p<0.01 and ## p<0.05 compared with STZ control
1. &F triglyceride &l2ko| His} =i FEE 50 mgkg Folwe STZ iz
Aol w3 STZ el NE FEFE U f9I3 Hat gk RE Tojeeld o
A% 35 triglyceride & 2 ®slgFo] Fo4 9l 2o A = triglyceride % STZ WE+H &
Al (p<0.01) Z7}8F% e} Silymarin, Kfflzi % A¥eHAl B2 E AH(Table 13).
£ 100 % 200 mg/ke Tl e 424 STZ bz FEEo A FF triglyceride E#HE STZ W=

o Hlgl] FEFA T FosiA (p<0.0) F
triglyceride 3 2 W3}&Fo] 7HAstnh sk K
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T = A ET Bl 987.32%9 WIS U
Ehdon silymarin, Kffifah F=E 50, 100 2



200 mg/kg FololME STZ thxol wls) 2z}
062, 041, -0.08 & 045%<] ¥W3}= e
FEEN T Y (riglyceride TFHE STZ =
Folde Azl vl 1757.03%2] WaE
Uehdow | silymarin, AffilaH F5E 50, 100 2
200 mg/kg Foltol e STZ ol e 2tz
-2356, -3.0, -1750 2 -26.90%¢] H3}E Yehith

324 - 2H - 0/1Y - ZHE

To

FEFO HE 457 F triglyceride ¥3<]
walge STZ txoMe Atz Hle)
7623.33%2] W3S YehW o silymarin, Kiifik:
HFEE 50, 100 2 200 ng/kg Folol e STZ
th ol Bla) 2tz -48.99, -5.83, -35.82 ¥ -55.68%
o W32 Yehih

Table 13. Changes on the Triglyceride Levels After STZ and Test Article Administration

Serum triglyceride levels (mg/d{)

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)

Controls

Intact 28.257.89 32.00+8.11 3.75+5.37

STZ 304.64+21.19+ 594.25+49.67+ 289.63+52.61*
Silymarin

100 mg/kg 306.50+20.50x 454.25+48 11%* 147.75+52.11*
DBEH

50 mg/kg 303.38+26.82: 576.13+95.94x 272.75£100.65%

100 mg/kg 304.38+14.35% 490.25+39.05+* 185.88+43.24x*

200 mg/kg 306.00+18.64: 434.38+66.52:" 128.38+78.89+"

Values are expressed Mean + SD of eight rats
* p<0.01 compared with intact control
# p<0.01 compared with STZ control

12. &% total cholesterol &zl His}
AUz vls) STZ 2FoME FEFY
% total cholesterol 3 2 ®slgFo] f9
A (p<0.01) F7FFA T Silymarin, AfififEL
100 3 200 mg'kg FATANM= 247 STZ
o Hlsf kEFA F K949 A (p<0.01
<0.05) 8% total cholesterol &= 2 WH3}aF
stk A KffiEi FEE 50 ngks F
STZ Wiz vls) fog Wbzt glich
of oA FEFo] d % total cholesterol
STZ a7} ARl 2= ATHTable 14).
Tol A 8% total cholesterol $#& STZ
x= Aozl Hlsl 75.96%<] ¥sE
YR O™, silymarin, KHfEzA 2= 50, 100 2

e

2

o2 oo
e By oo ot
o Fof

o
N
e

oo
o i Pl
- rlo

lo

oot

o
o

=
BN
M

200 mg/kg FololAE STZ oz wls) Z2
-0.31, -0.10, 1.04 2 -0.83%¢] W3S Yeith

BTN & Y= total cholesterol $HFS STZ
ol e AUz Be) 135.03% H3}
= Yey o silymarin, KA F2E 50, 100
2 200 mg’kg FAATNME STZ T vis| 7z
7} -21.24, 089, -1565 ¥ -22.13%<] W8S YEl
=3

SFEEo] AL 4379 = total cholesterol
wo] waleke STZ txToMe AAdzTd
vl 1373.08%¢] WMstE YEFHOH, silymarin, K
e F25 50, 100 2 200 ngkg FoToM=
STZ izt Blsl 27+ -7363, 339, 5744 %
-75.46%°] WstE YERTh
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Table 14. Changes on the Total Cholesterol Levels After STZ and Test Article Administration

Serum total cholesterol levels (mg/d0)

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)

Controls

Intact 68.13+11.38 71.38+12.84 3.25£3.81

STZ 119.88+15.23+ 167.75+24.29+% 47.88+20.74%
Silymarin

100 mg/kg 119.50+9.30+ 132.13+13.03+ 12.63+11.27
DBEH

50 mg/ke 119.75+10.82x 169.25+14.85+* 49.50+20.64*

100 mg/kg 121.13+8 85+ 141.509.46%* 20.38+16.04s:*

200 mg/kg 118.88+9.37x 130.63+8.81+" 11.75£11.76°

Values are expressed Mean + SD of eight rats
% p<0.01 and ** p<0.05 compared with intact control
# p<0.01 and # p<0.05 compared with STZ control

13. 2= L} MDA &tzko| w5}

ARz HE] STZ thzaAdEs A3 W
MDA #o] o4 A (p<0.01) F7Hskt
Silymarin, AffiE A FEE 100 2 200 mg/kg F
TAME Z+2 STZ 230 vls) FEFo & H
3 (p<0.01) FAW MDA Hako] 743t
SHA A F2E 50 mgkg FHT2 STZ iz
ol vla) st Maks YehlA] R kFig. 2).

A4 MDA 35S STZ tzolxE A4
Zaro] Il 10861%9 ¥sE YERHCm, silymarin,
Kieh F25 50, 100 2 200 mg/kg FolatollA
© STZ tiztol| w3 Z7; 2330, -4.18, -17.91
! -2483%9] W3S YERITHTable 15).

s

14, | & L GSH &rato| i3}

gzl vis) STZ vzl Xe A% W GSH
ghko] G4 Al (p<0.01) 743FATt. Silymarin,
K 325 100 2 200 ngke FATNNE 2
7y STZ tiz&<tel| Hls) 5o 3 frefahA| (p<0.01
TE p<005) #AF W GSH &gl Z71sk%ick 3
K F25 50 kg T STZ dx%
Hlw3le] fro)3h WalE Holx| AgtthFig. 3).
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#4 ) GSH &S STZ gz Ade 4
Z7o Hls) -69.10%< W3S YElion, silymarin,
Kt F25 50, 100 2 200 mg/kg Fodtoll A
© STZ thzxtol| Hla) 2tz 50.69, -2.78, 22.22 %
52.78%%] ¥sE UERITH Table 15).

Table 15. Changes on the Pancreatic MDA and
GSH Contents After STZ and Test Article
Administration

Pancreatic contents

Groups MDA (nmole/s GSH (mole/g
protein) protein)

Controls

Intact 33.40+4.92 58.25+7.96

Streptozotocin  69.68+10.62+ 18.00+2.67+
Silymarin

100 mg/kg 53.44+837+*  27.13+3.64%"
DBEH

50 mg/kg 66.76+9.73* 1750£2.07+

100 mg/kg 57.20£455+%  22.00£1.51%%

200 mg/kg 52.38+7.00%"  2750+3.82x*

Values are expressed Mean * SD of eight rats
* p<0.01 compared with intact control
# p<0.01 and ## p<0.05 compared with STZ control
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Contents After STZ and Test Article
Administration.

Note that the pancreatic malondialdehyde (MDA)
contents was significantly (p<0.01) increased in
STZ control as compared with intact control. It
means, lipid peroxidation was increased by treatment
of STZ. However, these pancreatic MDA contents
increases were significantly (p<0.01) inhibited by
treatment of silymarin, Daeboeun-fvan 100 and
200 mg/kg, respectively. Quite similar pancreatic
MDA contents were detected in Daeboeum-hwan
50 mg/kg-treated group as compared with STZ
control; Silymarin was dosed as 100 mg/kg of body
weights, STZ, Streptozotocin; * p<0.01 compared
with intact control # p<0.01 compred with STZ
control.
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as compared with intact control. It means,
oxidative stress was induced by treatment of
STZ. However, these pancreatic GSH contents
decreases were significantly (p<0.01) inhibited by
treatment of silymarin, Daeboeum-hwan 100 and
200 mg/kg, respectively; Quite similar pancreatic
GSH contents were detected in Daeboeurmn-hwan
50 mg/kg-treated group as compared with STZ
control; Silymarin was dosed as 100 mg/kg of
body weights; STZ, Streptozotocin; * p<0.01
compared with intact control; # p<0.01 and
## p<0.05 compared with STZ control.
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