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Antidiabetic, Antioxidative and Renoprotective Effects of
Rehmanniae Radix preparata Extract in
Streptozotocin-induced Diabetic Rats

Hye-Jeong Kim', In-Sook Yoon” and Young-Chul Kim""'

' Department of Public Health, Keimyung University, Daegu 704-701, Korea.
Department of Clinical Pathology, Daegu Health College, Daegu 702-722, Korea

This study investigated the effect of Relimanniae Radix preparata extract on the antioxidant enzymes of kidney and
renal function in streptozotocin-induced diabetic rats. Male Sprague-Dawley rats were divided into three groups including
normal control (NC), diabetic control (DC), and diabetic treatment with Refimanniae Radix preparata (DRR). Over a
4-week study period, Rehmanniae Radix preparata aqueous extract was administered orally at 1124 mg/kg BW/day.
The serum glucose level in the DRR group was significantly lower (P<0.05) than the DC group. The serum blood urea
nitrogen in diabetic groups was significantly higher (P<0.001) than the NC group. The urinary total protein level in the
DRR group was significantly lower (P<0.05) than the DC group. The renal xanthine oxidase activity in the DRR group
was significantly lower (P<0.01) than the DC group. The renal catalase activity in the DC group was significantly lower
(P<0.05) compared to the NC group and that was significantly higher (P<0.05) in the DRR group than the DC group. In
conclusion, these results indicated that Rehmanniae Radix preparata can prevent or retard the development of diabetic
nephropathy via its beneficial effects for correcting the hyperglycemia and favorable effects on antioxidant enzyme system.
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1. AleE & 717

3ol glucose, BUN, creatinine, urinary creatininew
commercial kit (EIKEN, Japan)E ©]-83t] Konelab 20XT
Analysis System (Thermo, Finland)2.2 Z743}%1 30 insulin
F%=E ELISA kit (Mercodai, USA)YE ©]8-3}9] microplate
reader (Molecular devices, USA)E 43130 = 5 total
protein<= commercial kit (Auto kit Micro TP, Wako Pure
Chemicals, Japan)Z ©]-8-5}>1 ADVIA 1650 Analysis System
(BAYER, USA)2. 2 ZA3}3c}

A& 7]7]= UV spectrophotometer (UV-1601, Shimazu,

Japan), refrigerated centrifuge (Beckman Coulter, Beckman,
USA), glass teflon homogenizer (T25 basic, Ultra Turrax, Japan),
&7 SUPERGLUCOCARD™ 11 (ARKRAY, Japan)E A}
gatsick

2. NB9 & 3 &¢

A8 tatol A f71E AelE =23 500 g2 T
o 32} FFT 6 15 7Fete) x3E JF AL FEV
(COSMOS-660, A 71A1%F, ) 100T S} 2= A
2417 308 EF &I AFFEES IFEEE
7)ol wo}l 10T 2=olA 1.5 (& FF3la 12 FAE
SN 93] z%ﬂokﬁ W Baste] Ay ALgst

A}, Fe THAAZRZ A% A7 33.7%ch =2
Bo] AT Boji= 9 &4E AlS-3le] 10 mlkg BW/day
(1,124 mgkg BW/day)Z 5 6% 457k Tojalgla tiz
ch.
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@3%%—3‘ 6% Sprague-Dawley 34 SPF AE=E

Delolze Fa A (£ 2T,
@Pq}%g 50£5%)9ll M 18 ALRE Ho 157U HEA]
71 3 3 gol o)) AAT (Normal Control; NC), &
Wt ZE Tt (Diabetic Control; DC), B si*| 3 (Diabetic
Rehmarmiae Radix preparata; DRR)S.Z 0] ZF & 7

k)X 4227 ALS-Ele] At Al 2 B AFE
AEe F 13, FF F 18 ok 9:00~10:004]91 574
sk

JEd & FeHA AR AEEES UET] ¢
34 streptozotocin (STZ, Sigma Co., USA)E 0.4 M citrate
buffer (pH 4.5) 8-l &3NA1#H 70 mg/kg (0.5 ml/100 g
BW)o g 57 U FAkeolnh B i E1e STZ 7
A} 72417 $- Zu el A] Ajdsted PdEe] 300 mg/

dl olgeld el fud o BFHU
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1421 7F 9 AAINZ] 3 ether U} a0l E-Xof B o] 4]
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1) Xanthine Oxidase (XO)

X09% BT xanthine2 7] E ARE3te] 307l A
2002 7F HREAIA A" 84S 292 oA FHEE

A8} Stripe} Della (1969)9] ¥Rl Fslo] =25}
o @4E 99 a4 Foll ERE 9 | mgo]
O Wh-g-5led 7]A Q] xanthine 2. 2H-E A E uric
acid®] %& nmolez FEAFFAT

2) Superoxide dismutase (SOD)

SOD®] @A X hematoxylin AHEAMELY] o)) HE
Z $23= Martin 5 (1987)2 ol wet 0.1 mM
EDTAZ} &8 50 mM 13F &5 (pH 7.5)° 10 uM
hematoxylin & &AN-S 7)) 25TolA] wkSA1AH AFAEH
hemateing 560 nmolA] E43te] §49 BAHATE ALY
g}cﬁ;}. %“é‘: 1;}_',]‘— §_/\ouo ux] 0o HEQ ol %_9]

BT Yo T

32 .!lN'

A

hematoxylin AFgAM3E
ate] B 1mge] 13 Bt L%t& unit2 FA8H

3) Catalase (CAT)

CAT /4 =% hydrogen peroxideZ 7|22 3t 3¢
He 45RE 9 240 nmoll A FFEE 93 BAEY
A (E=0.04 mM'em™)E o] §-5to] A4S AFa
Aebi (1974)2] ol FoldiTh BAE B9l b 24
ol e @A 1 mgo] 18 FRF ¥hgdte] A

+ hydrogen peroxide®] %€ nmole® XA}

4) Glutathione S—transferase (GST)

GST9] &% Habig 5 (1974)9] Whyle] we} 4
81t} 1-chloro-2,4-dinitrobenzene?} glutathioneS 7] 2 2
3ke] 25ColA 10837 H-3AIA AB/3€ 24-dinitrobenzene-

glutathione conjugate 45 340 nmollA] ZA3}ATh &4
= a9 54 ke Sl 3e @A 1 mgo] 18
ro
=

¢ arg3ke] AAAIZ conjugate?] S nmoleE LIERY

Agxz o RS L & (1951)9] #e
w2} bovine serum albuming ZTFFOE ALl 5
33

7. X2 24A

SPSSWIN (v12.0) BA|Z2 1S o] 83t NC#, DC
. DRRIE 7he] 24 x}egl HIE Yato] ttestZ
it EAIA el 005018k shei

6ull Fol3kAl (P<
HH frel8kAl (P<0.001)
of Hl& folstA
2 DRRT-¥ DCTF 7t
] NC#°] 7}
Zxﬂ HA DCiLO] %‘iﬁ}—t— A4g BGlov DRR
T2 NCol| ¥l3) F7HEL Hou 71 FAE B
glom Dol BlE 230% FolEkA (P<0.05) A U
Bt Ao E& Wk NCTol| H]8] DCte] SojsH)
(P<0.001) w¥3ter} DColl Bl DRRTZ 230% -
SHAl A YERRETE (P<0.05) (Table 1).

2. €Y 2 ¥3 glucose, insulin, BUN, creatinine &

5 L5 v& W3l Fig 19 Eoh @9Xe A
A7 F NCTll H3ke] DC % DRRT2 5~64)

4
AAetA wkor, 43 45 & DCTo| H|ste] DRRT

| Wk} (P<0.05).

A F glucose == T A 27 A9
H)ste] frelstAl 7t s+l o™ DC-oll Hlske] DRRT
2 20% Aol Sl Wt} (P<0.05) (Fig. 2). Insulin 5%

NCioll Hlate] DCiTol 88% w2lakAl (P<0.001) 2%
o pCel Hste] DRRTS 30% Ekou A%
2 frolshA] ¥4th BUN 55 NCTol H]3te] DO
°] 135% F93HAl (P<0.001) ¥%o™ DCtol| Histe]
DRRS ThA ZHASk= 73S HATh Creatinine 5%
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Table 1. Water intake, food intake, body weight gain and food efficiency ratio of normal and diabetic rats fed with Rekmannia Radix

preparata extract for 4 weeks

Groups®
Items
NC DC DRR
Water intake (ml/day) 49.40%3.85° 294.29+20.64" 260.71+16.63""
Food intake (g/day) 27.40£2.30 51.00+3.65 50.7141.60%
Body weight gain (g/day) 3.15£0.29 -0.34+0.29% 0451052
Food efficiency ratio” (%) 11.56+1.49 -0.67+0.61% 0.89+1.04™

% NC: Normal control, DC: Diabetic control, DRR: Diabetic Rehmannia Radix preparata. ®Food efficiency ratio=(body weight gain/
food intake) < 100. © Values are mean £ SD of 7 rats. The value with a sharp-note is significantly different from NC group by t-test
(" P<0.001). The value with an asterisk is significantly different from DC group by t-test (*; P<0.05, **; P<0.01).
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Fig. 1. Change in blood glucose of diabetic rats fed with
Rehmannia Radix preparata extract for 4 weeks. Values are mean
& SD of 7 rats. The value with an asterisk is significantly different
from DC group by t-test (*; P<0.05). @, NC: l, DC; A, DRR.

= 7t 2 ol EoE Aol o)A @UT} (Table 2).
3. =% 9 = = {otal protein, creatinine clearance

2413k 32 e NCE 3t} DCV—_LO] oF 134}

98} (P<0.001) =22 DRR¥} DC* 1% e}
X NCol

2 zpolE HolA ZUTh k= F total protein

8l DCE-& 150% -2 3kAl (P<0.01) ko DC
o]l H]8le] DRRITS 24% FoshAl ST} (P<0.05).
Creatinine clearance™ NC-ol ¥]&}o] DCTo] 15% 23k
ow DColl H|8Fe] DRRTS 17% £t BA5 o
2 9314 AT} (Table 3).

4. &7| 2

3} AAke] AiE FAlE NCotoll H]3le] DCol
1.5~28) F-9)8HAl (P<0.001) E9to ™ DC+ ¥ DRRT
olls Frelgt o7t it vl (P<0.001)3 417
(P<0.01)2] Al ¥ NColl Blste] DCTo] o8t
A Ekem ol FAA RIS Frefgh 2ol @l
Qeut 48 peol NCol wla) frelshAl Hakeh
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Fig. 2. Change in serum glucose of normal and diabetic rats fed
with Rehmannia Radix preparata extract for 4 weeks. Values are
mean = SD of 7 rats. The value with a sharp-note is significantly
different from NC group by t-test (**; P<0.001). The value with an
asterisk is significantly different from DC group by t-test (: p<
0.05). W, 0 week; [, 4 weeks.

Table 2. Change in serum glucose, insulin, BUN, creatinine of
normal and diabetic rats fed with Relmannia Radix preparata
extract for 4 weeks

Groups
Weeks
NC DC DRR
Glucose 167.00+7.04 668.40+41.29" 538.00+103.78%"
Insulin ~ 156.41+80.80 18.14+124™ 23494793
BUN 17.9842.20  42.2548.14%  40.51+11.69"
Creatinine  0.58+0.08 0.55+0.08 0.53+0.05

Unit: mg/dl, BUN: Blood Urea Nitrogen. Values are mean +SD
of 7 rats. The value with a sharp-note is significantly different from
NC group by t-test (*; P<0.01, *; P<0.001). The value with an
asterisk is significantly different from DC group by t-test (; P<0.05).

(P<0.05) (Table 4).
5. NEEHO| Qeflala HALEA BHE HE

22



Table 3. Urine volume, urine protein and creatinine clearance of normal and diabetic rats fed with Rehmannia Radix preparata exiract for

4 weeks
o - N Groups
Items
NC DC DRR
Urine volume (ml/’kg/day) 64.13+12.76 815.52475.17% 859.30+90.83%
Urine total protein (mg/day) 16.04+3.88 40.35+5.38% 30.54%3.72%
»Creatinine clearance® (ml/min) 3.00+0.80 2.54+0.75 2.98+0.30

¥ Creatinine clearance: (urine creatinine/serum creatinine) > (total volume/24h< 60 min). Values are mean * SD of 7 rats. The value with
a sharp-note is significantly different from NC group by t-test (*; P<0.01, *¥; P<0.001). The value with an asterisk is significantly different

from DC group by t-test (; P<0.05).

Table 4. Organ weight of normal and diabetic rats fed with
Rehmannia Radix preparata extract for 4 weeks

Table 5. Effect of Rehmannia Radix preparata on kidney SOD,
CAT, XO, GST activities in STZ-induced diabetic rats

Groups
Organs -
NC DC DRR

;Wer 710796£1.1187  9267+0955%  9.883+1.400

2.999+0.228"  4.46310.341™ 4491103777
/Svprleeni 072240073 0424£0.108%  0.496%0.152°

0.201+0.015  0.201£0.027 0.223£0.051
Kidney 120620105  1310£0.131  13960.156"
(righty  0336+£0.033  0.631£0.052%  0.637£0.055™
Kidney 121020106  138740.121"  1424%0.140"
(left) 0.337£0.032  0.668+0.042""  0.65040.049"
'Hea'r’t 100410145 0.726+0.126%  0.76140.091%

0.304+0.036  0.347+0.031"  0.346:+0.021"

3 Absolute organ weight, Unit: g, P Relative organ weight, Unit:
g/100 g body weight. Values are mean £ SD of 7 rats. The value
with a sharp-note is significantly different from NC group by
t-test (*; P<0.05, #; P<0.01, **, P<0.001).

ol H]&ked DRRITS 33% -3l 2t} (P<0.01).
SOD &4 NCo| H|gte] DCol 200% 2l aHA
(P<0.001) H$tom DCit# DRRT ZHlle ol gh zjo]
7} §12ith CAT &A1& NCtoll Hlsted DCitol 27%
ol&}A| (P<0.05) Rt DCTol vl DRRT = 48%
frolahAl ETt (P<0.05). GST &2 NColl vjste]
DCTo] 28% o8k (P<0.05) %%t2™ DCT DRR
T bl et ezt §AiTh (Table 5).

]
My

A ste] 2 WA s Breln el v e
Stz o & 93k Ao Z7)stl whe) o1 of bt
Azl hat o] WFED Yort Ao of
2 2949 A@ge] AEEA Za Aok vt ¥
g FAE Ysle] k2o, SE8N, AU 5

E Groups

naymes NC DC DRR
XOoY 1.6410.35 2.0810.52 1.3940.177
sop” 2.18+1.34 6.5910.49"  6.48+%1.54"
CAT? 42140.59 3.0820.90° 4.55+1.40°
GST? 21484352  27.55+3.72%  27.90+1.89

@ Unit: nmole uric acid formed/mg protein/min.

B Unit: U (50% inhibition of autoxidation of hematoxylin)/mg
protein/min.

Unit: nmole H,0, reduced/mg protein/min.

9" Unit: nmole 2.4-dinitrobenzene-glutathione conjugate/mg protein/
min.

Values are mean & SD of 7 rats. The value with a sharp-note is

significantly different from NC group by t-test (* P<0.05, ™, p<

0.01, ™, P<0.001). The value with an asterisk is significantly

different from DC group by t-test (*; P <0.05, **; P<0.01).
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23 FodFol M F8tA A e (P<0.05). &
oA AolAdF o] BEol®E Estn A&l Al
a7t YepseT ] ol ol gk A thake H
gzjel W3}l miel Aoz Baw STzl o3 HF
o] Bcello] TyEo] Fujrte] BB E 2T TA
= AFo] A IAEFHA derhe TEIL (Lee et al,

O{N o

o

W

1994)7} o] & 3 sl Gzl Blel A%
Tolpol A frolstA Aolagn ATl TUHE B &
Aol P Q3 AF F4E Msle a7t S

& APt Ek
A sy &g el A+
zotocin (STZ) &2 Langerhans islet2] B-cellTHE
axoz dgsle] Qed APS 2UFoEN 2
%011 3 pcelld) ANEE AAIA 1PFE st
= Aoz 4 YT}t (Matkovics et al,, 1998). ©] A
A EF ¥xud vEF 4T 7Ur STZ® =9 2

o AME-E & strepto-

0:

0

3% creatinine= /\]-—_rLZﬂ 0134 3} creatinine HH“ =
Z creatinine clearance®} AA A AHAAE 712
o Al 9d 7HAe] Afdlel vjdEste] Folzitk. BUN
(Blood urea nitrogen)< @A thate] FH FHFkE 0]
o 7kl ot ol RE FAE ] AFoR ajdH =
2 glEe] Mol A wjdsEe fgste dew
creatinine™ BUNE A47]5 A EZ AFREHU} (Grover et
al, 2003). REBO T A& AA AT &44¥ E
Lol Wizhe o) Fe HelE zest A9d F3A
o] glolA FnA ANFe A& vl F7F AR
T} (Dalla Vestra et al., 2003). ©] oA Aol H]3}
o Zx79 8 & BUN FEE 135% (P<0.001), 24~ ¢
urine volumeS- ©F 138} (P<0.001), urine total protein->
150% (P<0.01) Zt7t fo3kA| F7kated Aol £A17)
98-S AAL8SITE BUN creatinines @ thZrol v
&te] %3 FolFolA thh #AE Bl FoT
2ol ATk 19 AW o2 uiEE total protein FS

Pzl Blste] A8 Folu oﬂH 24% ArejstA
7519 © 1 creatinine clearancet 254 E &k oLt
Fretheol Hste] 17% 71t S48 A 715
AANZA Aoz 7k

A7)e] ANA Fekn|wol| A 2t A1) A AT
of W&l Bzl ¢ o}ﬂl (P<0001) 7H5agu1 s

Fol3 Aol7k giiek
2 57 37 }— A s s 99 9
Moz QA ol 7k el A de] %7

Mo 2H 27 *ﬂ:‘n‘d‘%ﬂ% =
AAA AAo] vls]A Tt Bl (Dai et al., 1994)5 A
o ARpAl ouhgel Fvte A Ariek &H0) &
7Veb7] wjEolghs AT IE 3t (Gallaher etal, 1993).

S ARl A AbstA ~EY e QA AL 3
A 2ol oxygen free radical S AJ/dsle] Aol AelE F
o 53| Alfute] oy s} Anitel 2hgate] da
AbsHES Fglel AAEaL o= s Al 7T &
248 %)t} (Morel and Chisolm, 1989). XO= AYA| 22|
ZAehAA Azt 2 (oxygen free radical) A3/d
BAE A glon o] diel o BAdE oxygen
free radical & AE W & FAHEZ B4 =E superoxide
anion radical (0, )2 A Z4sle] 25 AQl Aoz 2§
st Ao = 24delA 3lv}h Superoxide anion radical SOD
o 9J&l hydrogen peroxide (H,0,)% A& o]RAL th
Al CAT 2 GPXoll 9JsiA] H02 HAF o] 753} Hu
(Deisseroth and Dounce, 1970), GST= -f-3fl4kA a5l &
ojsls Ao ZeiA vk AFEA 4] X0, SOD, GST
gido] Al s FrtiRrolA FA Hebd o
AFATE STZE F5% D7 oA oxygen free radical
o] AAdo] F7hsle] o2 <lg A HHAEE Y] FUIR
el o] 7HEElE AL o] & Welskr] s A W
Fefika SEA ahE 5“401 Folxl AoE M-
o £X3 FolgtellM Bzl Histe X0 &40
SrolatAl (P<0.01) A UrE‘r%}ii'H S A %ol oxygen
free radical 43S FFASS 757 gk CAT 24¢]
Aodatel] wste) Pl frelstA (P<0.05) 3t
28 AT A= P F 23 oxygen free radical?} %]
Fa3HE AAE sl soDY B/go] FoRAL AlEAT
S 7¥3tE o] faf oAl =g A7
3}7] 9lsl CAT Eavt AR A= i) A%

% ol

|
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FoATol A Gzl vlsle] CAT @4do] frolstA
(P<0.05) x7 YePgoBn Sx]3fo] aaafeit)zd A

e W3 o2 ) sEA ol Fal BHE) =
Al vehd Aeg Bopxith FEd 71 S A
= ARE A3l i F71E<l dde] daste)el Azt
=8

olge] APAANE Fal SAFL dgtel aHE B
of FHALE /HAT W olle} Y Q5 AF 7as
RIS 21e] aRbatAle) FA A JEke mHow
WS aAA Gud A 2 % BEE T
&40l A& Aoz 7lgEn)
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