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Effect of Flavonoids from Scutellariae Radix on Cataract Formation and

Polyol Accumulation in Rat Lens

Kuk Hyun Shin, Yun Jung Chae, Myung Sook Chung and Iee Ju Lee*
Natural Products Research Institute, Seoul National University, Seoul 110-460
and *College of Pharmacy, Duk Sung Women's University, Seoul 132-032, Korea

Abstract—The ether, ethylacetate and #z-butanol soluble fractions from the roots

of Scutellaria baicalensis showed a significant inhibition of lens aldose reductase (AR)

activity iz wvitro. During systematic fractionation of the active fractions, 7 flavonoids
were isolated and compared their inhibitory activities against rat ‘AR wusing o~

glyceraldehyde as a substrate, among which baicalin (VII) was found to exhibit the

most potent inhibitory activity. Baicalin (VII) and wogonin-7-O-glucuronide (VI),
with repeated treatments (30 mg/kg/day, i.p.) throughout the experimental periods

caused a significant suppression of cataract formation induced by galactose (40 g/kg/day)
as well as the decrcase of galactitol accumulation in the rat lens. The flavonoids also

exhibited a significant inibition of sorbitol accumulation in the lenses of diabetic rats

induced by streptozotocin (STZ).

Keywords—Scutellariae « Scutellaria baicalensis » flavonoids « baicalin « wogonin

7-O-glucuronide « aldose reductase » galactose cataract » streptozotocin diabetes « polyol

accumulation
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fAth. NADPH, bpr-glyceraldehyde, galactitol,
PMSF £& Sigma Chem. Co. =)
L T Ar&sld owl pyridine, acetic
anhydride, dimethylsulfoxide 52 Merck 7] =
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Column chromatography-% silica gel-&- Kiesel
gel 60(70~230 mesh, Merck Art. 7734) &, TLC
22 Kieselgel 60 Fo54 %, vacuum liquid chrom-
atography-&-& silica gel G(Merck Art. 7720) &
Agsgeh ARG AFAGS, T2
£ 3942 Aedan,

H-NMR 2 13C-NMRL Varian FT-80 A 2
Bruker 200 MHz spectrometer&, MS*= Hewlett-
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GC+ He-
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= Hitachi U 32105 Gilford system 2600
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D). Z, ether 3 (44.3g)< silica gel column
(Merck Art. 7734)¢] Ao} benzeneo 2 §-%3}
gor £%5 ¢£o2 compound I ¥ UE &
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S AAse] compound I 2 IVE £XA o8
s vh. =8, ethylacetate B3 (30.28)&

CHCl; : MeOH 2. gradient elutiong& A8 A
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CHCl; : MeOH=100 : 3ol 4] &&=+ =34%

A& VLCE® preparative elution®ls methanol
2 A A A3t compound V(94
254 c}l, a-Butanol £33 (310g)&
columne] 7 51 CHCl; : MeOH= gradient elution
4 AAg Az CHCly: MeOH=100 : 280 A
compound VIE-, 100 : 454 4 compound VI-&
E R Rl R '
Compound I(ZA A AZAA, mp 200~201°C),
compound II(FAAAAA, mp 207~209°C),
compound (YA 24, mp 263~265°C),
compound V(34 FAAA, mp 180~181°C),
compound VI (=] 344 T%?‘é-‘?‘—%, mp 218~222°
C, yield 5.1g) 2 compound VII(=] 34 53
P, mp 222~223°C, yield 32.2g) &
spectral data @ physicochemical data®}l F&l7]
A 9} vl w3l 27} oroxylin A(I)'®, wogonin
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AeF 474, mp 171~
FeAg 9
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5 artifactq) €& 4ok
Compound v(Wogonin glucurcnide ester)
mp 171~172°C, yellow powder, Mg-HCl
test : yellow ; UV, Am.(MeOH) nm (log ¢) 274
(4.42) 3 dmax (MeOH--AICL) 290(4.43), 320
(4.20) 5 2nax (MeOH + NaOMe) 282 (4.71);
Amax (MeOH+NaOAc) 276(4.41) 3 MS, m/z
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(rel. int., 96) 474(M*, 2.4), 284(M+-C,/H;,0,
64.1), 269(100), 255(25.3), 241{(45.3), 139
(57.9) 3 IR, wvnax (KB, 3410(0H),
1740 (ester), 1660 (conjugated carbonyl), 1615,
1590(C=C) ; 'H-NMR (g0 MHz, DMSO-d;) 8:
3.86(3H, s, Ar-OCHy), 6.68(1H, s, Cs1),
7.01(1H, s, Co-H), 5.31(1H, brs, anomeric
proton of glucuronic acid), 7.40~7.60(8H, m,
Cy~Cs -H), 7.90~8.152 H, m, Cp, Cs—H),
12.50 (1 H, s, Cs-OH, D,0 exchangeable) ; 2C-
NMR (50 MHz, DMSO-4,) 4: 72.2(C-2), 130.8
(C-3), 182.6(C-4), 156.2(C-5), 98.8(C-6),
156.2(C-7), 129.6(C-8), 156.2(C-9), 105.4
(C-10), 105.5(C-17, 129.6(C-2"), 126.6(C-3'),
132.6(C-4"), 126.6(C-5), 129.6(C-6"), 99.7
(C-1, 73.1(C-2'), 75.3(C-3"), 71.5(C~4""),
75.8 (C-5'"), 169.4 (C-6'""), 52.0 (-COCH,),
61.7 (C4~OCHy).

Aldose reductase 42| EF-—a 87} rat
9 lens AR @& vlX = 24 FFL AR
o Wgel WE AAREHD, F, rae &4
= 2 homogenization ¥ 3, 105,000g0]4 =
dAEdste @& F5NE ExdoR o=
ARARA 10mM NADPH

cm™Y)

pr~glyceraldehyde,

CH 0
Compound Rg R7 Rs Rg' Ra'
1 OCH; H H )
X H H OCH;,
111 OCH; H OCH; OH

IV OCH; CH, CCH; OH OCH;,
v H GluA OCH;,4
methylester
Vi H GluA OCH,
VII OH GluA H
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0.16 mM, inhibitor® E§3te] wkS-e] 1 mis}
SA & F, AAHHF 557 340 nme] A FF
59 Zagg SR 2T aAAY M2
B AR Axggrh ol# s AE AA
Bz eAR FARTY AE AL TAGY
o F3E9 @5hE 0.100-20.005 absorbance
unit/minsl H =% 2AdqAt. B4 @AY
A& Lowryy & Ahg-3te] AA 5.
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Al 40 g/kg/day¥] 19 24, $.F 23] Yol
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spectrum®] W 3ho] il A= WG A Fof
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Streptozotoein (STZ) 0] 28t Eir 2| R
2 ABEH—A 3 1508 o] 49 rato] v] A=
STZ9] citrate buffer(pH 4.5) €9} 65 mg/kg¥
& EBdglz 4847 Fo| gdARozHE A
d3te] &% glucose S &4 (glucose oxidase
method) 3tz 300 mg/dL o] 42l Auke A3
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ZnSO,% homogenization 8F &, g 0,
Ba(OH).;2 ZHAA 2 10,0000 4] 20827 &
AR R 2 ASAE A% BYEE, A
g o+ RS pyridines) £ £
A4y oz acetylationdlzl %, CHCLE 2%
o dAgsz F F, GC columnd] F938t4]
chromatogram¢ ﬂ.?_ w2 galactitol @ sorbitol
IR NH 4L 2FEdFA oz 4749
polyol &g At&stgel. olw WFuF &4
24 a-methylmannopyranoside & A}-2-3}4 t}.

SEER e
In vitrot M AR 240 njx|&= &1}
w9 AR 84 AA4EE 437 $ 8
ZF {149 B8 EEe] AR S 94A &
¥ &4 vz A, Scheme o] A& ulot

7Z+o] ether, n-butanol, ethylacetate, H,0 -+
e ICy7t 77 2.6 pg/ml, 7.4pg/ml, 2.6
pg/ml, 18 pg/mlz Al AR A=) 84 0] n)FAd

Scutellariae Radix (8 kg)
95 % MeOH
MeOH ext,

suspended with H,0
Ether
? I
| r .
Ether ext. (44,3 )™ H;O cxt.

(3.60 ;m‘/ml)b’

EtOAc

EtOAc ext. (30.2g)
(2. 515 pg/ml)

H?_O ext.

#-BuOH

) Compound ¥V $

{

#-BuOH ext. (310g)
. 4~ng/ml)

H,O (425 ¢)
(18 ug/ml)

} Compound VI & VII '

Scheme I. Fractionation of Scutellariae Radix
a) Yield of extract,

b) ICy values against rat lens aldose reductase.

Figures in rparentheses indicate a final
concentraticn in reaction mixture.
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Table I, Inhibitory potencies of flavonoids' from
Scutellariaec Radix against rat lens aldose

reductase |
Compound ICso (M)
I 52
1 48
111 —
v 500
' 39
VI 40
viI i3.6

ICs values were calculated from data plotted on
semi-log paper.
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Galactose |y UL RG] Dixls= S0

A % 50~60 g2 rato]] baicalin(VID) ¥

7-O-glucuronide (VI) & 30 mg/kg/dayy E-7hd|
FAFets 79 ¥ galactosed] FofE 7] A st
104747 FAA e sHret Fze] Jro o
g g4 FolE A A, HazTd
galactose F-ol7] Al 5 8 ute] WA FAJo] A
Z=o] 10duke] AYEFE EFolA AT

Table II, Effects of flavonoids on galactose~induced
cataract in rat

wogonin

Dose Inciglence
Group (mg[ kg/day, cataract
ip.) (2)»
Non-treated — 100(18)™
Baicalin (VII) 30 75(10)
Wogonin 7-O- 30 50(18)

glucuronide (VI)

Rats were administered with test compounds and
vehicle from 7 days prior to onset of galactose
treatments (40 g/kg/day) throughout the experi-
mental periods. The cataract formation was judged
by the appearance of vacuoles at the lens periphery
using a slit lamp.

a) The percentage of incidence of cataract
formation on the 10th day of galactose
treatments.

b) Number of eyes observed.

Table III. Effects of flavonoids on galactitol accu-
mulation in the course of galactose-
induced cataract formation in rat

Galactitol o

Dosc
Jo
Group ZB(RB[ (umolse/8 Tnbibition
Normal — 0.740.1 -
Control (Non- -— 38.2%2.8 -
treated)

Baicalin (VII) 30 21.7£5.2%  43.2
‘Wogonin — — —

7-O-glucuronide(VI) 30 24.7X0.4%F 35,3

Galactose treatments (40 g/kg/day) were conti-
nued for 14 days and on day 15, galactitol
concentrations in the rat lens were measured.

a) Data arc expressed as means=*S.E.

(See Table II).
Significantly different from the control:
*p<0. 01, **p<0. 001,
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29 o1}, baicalin(Vil) FoT&
wd FAAY Hxed FHEoA oF
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e PACEE ST

W3 335
o} 2T
25 %,
& A9 50 %
(Table 1I).
#Fdel 15947te] ratE A
s 243
o] 7z W3E FAE A, Table NIA EE
vpo} zre] P Z=T9 A FAA g9 galactitol
g}eko] 38,2 pmoleql ubw  baicaiin (VII) 2
wogonin 7-O-glucuronide (VI) Fo79 Z4-
ZzF 91,7 D 24.7 pmole® A 77 43 4 35%
o] galactitol 24 JAEFAE Zg} o #
& Az gy 49 29 el polyol
229 A7 WA FA dA G ARl 3l
&8 ¢Aka g

STZ $4t SHipi rat2] sorbitol

oxle &0t
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Baicalin (VII)# wogonin 7-O-glucuronide
(VD 7} STZ2 f3A7 9x94 rate] $£34
29] sorbitol FFo] vlAE EHAE FAT 2

& Table Vel EA 3G STZE Foldte
Prwe §u7 &, 38945 baicalin (VID
7 wogonin 7-O-glucuronide (VI) % 30 mg/kg/
day® 14¢ 1} Eh 4555tz 169 Bhe] rat
4*24/‘1?4 Adatz $AAE A&y FH
sorbitol dteke =48 A s, 9 2T sorbitol
gko] 12.2 pmoles/ggld] ]} baicalin (VID)
EZoF& 9.1 pumoles/g, wogonin 7-O-glucuro-
nide (VI) §o}F-& 7.8 pmoles/go 24 77
ZFo] w8l 25% 2 35.7 %9 sorbitol FA ¢
AaHE B

u?L‘ rki m(m

s, waxgo] GwEl WzF 2 baicalin
(VII) ¥4 78 EF glucose FEv 416~474
mg/dl £Foz A AT w&l ¥ EBA

&) 8ke] sorbitol A g A A FAEE ¢
k., e}, Wogonin 7-O-glucuronide (VI)
A% 15949 dF glucose FE7F FAH
gL ot rﬂ&%oﬂ vld) o 20%Y F&
£ 3o gdgzgsaznd A54E AT T
t}(Table V).
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Table IV, Effects of flavonoids on sorbitol accu-
mulation in the lens of diabetic rats
induced by STZ

Dose  Sorbitol o

%
Group (mdga/ykg/ (#11231?8/ € Inhibition
Control — 12,19+ —
(Non-treated) 0.73(6)%
Baicalin (VII) 30 9,134 25.0
1.23%(5)
Wogonin — — —
7-O-glucuronide (VI) 30 7. 844 35.7
0. 42*(7)

Diabetic rats induced by STZ were admini-
stered with test compounds ip. for 14 days
consecutively and on day 15, sorbitol concentrati-
ons in the lens were estimated.

a) Data are expressed as means + S.E.

b) Number of animals tested.

Significantly different from the control :

*p<0. 01.

Table V. Blood glucose levels of STZ-induced
diabetic rats

Dose Glucose® (mg/dl)

Groupv (mg/kg

day, i.p.) Initial Final

Normal-control — — 85. 1%
4.0

STZ-Control — 548,94 415. 8+
26.8 15.8

Baicalin (VII) 30 536, 1+ 474, 3+
10.5 23.8

Wogonin — — —

7-O-glucuronide (VI) 30 544, 4+ 308. 4+

20.9 22.9

a) Blood glucose concentrations were estimated on
day 0 (48 hrs after STZ treatment, Initial)
and on day 15 (Final).

b) Means +=S.E. (See Table IV),

flavonoid 4] ¥-¢] baicalin(ViI) 2 wogonin 7-O-
glucuronide (VI) 7} galactose® -S-wbw) s 23]
JA AL FAE JHAL & &= glon Ty
WA W fukql Rbe] dhitol sorbitole] <=3
A 42 AA T F8o] gk Aoz wo}
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Al g—o] -7 A AY 4
Tu] (FA 9 E 2 901-0502-033-2) o o1&t A 5te)
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19 2F2 AT € & 474 &4
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