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Anti-diabetic Activity of Constituents of Lycii Fructus
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Abstract — In the previous screening on antidiabetic effect of Lycii fructus by glucose transport method using
N,-STZ. diabeted rat model, each extracts showed the potent antidiabetic activity. We obtained three
compounds isolated from the water fraction, EtOAc fraction and n-BuOH fraction of Lycii fructus in the
present work and their structures were identified as 1-carboxy-N,N,N-trimethylmethanaminium hydroxide
inner salt, 2,4(1H,3H)-pyrimidinedione and 3,3'4',5,7-pentahydroxyflavone-3-rutinoside. Among the constituents
separated from Lycii fructus, 2,4(1H,3H)-pyrimidinedione, 3,3'.4',5,7-pentahydroxyflavone-3-rutinoside and

ascorbic acid were shown a remarkablce antidiabetic effect.

Keywords[_] 1-carboxy-N,N,N-trimethylmethanaminium hydroxide inner salt, 2,4(1H,3H)-pyrimidinedione, 3,
34,5, 7-pentahydroxyflavone-3-rutinoside, ascorbic acid, anti-diabetic effect, Lycii fructus
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Aoleh, meby B AAEd kA drEAEAR
wo] 2odx] 3 gl Aefe w R Mo} b 9t
5 Nsly] 98 B Q-5 askA Hgich
T7)AHEEA T B 2, 1089, Sl Al BTN 7}
A=) &9 Lycium chinense Miller24], Fg 8 £o]
1.2 m, FdEe]e Nyl 674, 2A7]E 104, 24
FA = AFokA| maz ANE I it A4 FAdE, oF gL
2 olx glom, ghell = Aok, 424, #jd, A, Fe
W, A5 E BT ol AREE L gl o] &% °1-‘E Al 52
A me AEA FEAeln, AR =AM
oln] _‘r_"{}, betaine, physalin, zeaxanthin, rutin S-© 24| 3%
X} ¥-(Sannai S, 1983; Schulz 5, 1977), A¥%k2], (Fujimori
=, 1977 Jlangsu New Medical College (ed), 1977, Mimu-
ra =, 1986; Yahara =, 1993; Silvearstein %, 1981;
Research Committee of Sensory Evaluation, 1973; Sannai
5, 1984), 7, (Pouchert =, 1974; Funayama 5, 1980; Sa-
tisfactory IR, NMR, M8 and elemental analysis data), 3141
(Chantrapromma %, 1980; Chantrapromma %, 1981),
LA (Clemetson, 1976; Odetti -, 1990) Sof] B8} 377}
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A2} B2 AR (Kim £, 1996, 1997)o] F7]=}e] Bwl
F vl #8o] 3} FuBAe f-olA ole A3E ur-.:,}»,g
& 238 vp glvh o]9] AdH 72N FA4E e
= F5E E f5EE i 2 4L degt £ dy
Al stgenz o Ans ¥ aslzal gt

Algur

A2k 2 717

Chrysin, sodium citrate, ciiric acid @ streptozotocin-=
Sigma Chemical Co.elA], "ol Zwr}t Hxfel] Albgl
glucose E-kitte AN FRI5ked ALgsteeh UV/
visible spectrophotometeri'— Hewlett Packard 8452A Diodc-
Array 4 $A1E-2]7]% pbi international ALC 4218 cen-
trifuge2- AH&-8}53 T}

A[EAIZ 9 ASIES

2 Al A8 Ak B A% 23R
THE F sk ARSEk ). A 582 Sprague-Daw-
ey 47 A4S S8 AN 15014 AHgld
H A7 F Aol ALg2hgic.

&5 Halo] B o 2z

717} 700 g 18] 124744 43 W%}e] ZR5z o
Fakarh e PA LS9 Syrup’“-—i st
o| 7€ EtOHZ §ZFoi#s}e] Thlol gumAitS #7519
o $908 FUFE] syupho 2 Shsick. o2& 300
mle] @o]l fsjsted W F G3}pigasS F8HAA 3

S WA 3 S8l 2w Ele] symple e sy
tt. 0|78 800wle] Zfgol] S3lsto} 4552 o T}a}
o AT} ol GAero g FMAH 60T olA]
sHEEsdch MEshs 482 ES AAT o sympAt
L2 55, WhAsle] A4 4} o] AAg 95% EOH

FE AZAAA B FPEOHE AAsier). opdlabz
HELERC] BOHES o] 9)sle] K'e| A Auk-go] 24
2.2 Ho7lR] o] Fzahd wkEale] wlAzAA el Compound

£ 99t} Compound A+ mp 227C, A=k 1179 WA
A o 24 Nujolol 25+ IR & 1H-NMR S djo]e}2 X
1-carboxy-N,N,N-trimethylmethanaminium hydroxide inner
salt(Betaine) (Mizobuchi =, 1963)%. £ ¥ ¢ic}. wel <3

A gas T3] YE= FHE) %E35lo] £ H4) betaineS
Y22 o] As)Ev nBuOH: AcOH : H0(5:1:4)2] &
A2 =2 paper chromatographyZ 33}e] Rf=0.219& el
ssick.

CsHyyNOy(mw : 117), mp:227C, Rf:0.21(n-BuOH:
AcOH : H,0=5:1:4), IR(KBr, v, cm™): 3376, 1619, 1386,
1323, 886, MS(ED: 117(M"), 96, 84, 73, 58, 44, '"H-NMR
(400 MHz,DMSO-d;}: & 3.30(9H,5,6,7,8-CH3), 3.79(2H,s,4-

CH2)

OIZOtMIEICIER =] Ha] I =

deolAElo]e el 200 g& CHCL: MeOH(30: 1)E
silicagel chromatography 2 &}e] 1571¢] g|R& 0 2 1}qe)
t}. o]% Fr.XII 4.4 g& CHClL:MeOH: H,0(60:4: 18] &
Faml25E CHCL:MeOH:H,0(6:5:1) E3-2u)7}x
XL Z7MA)A 22 7]714] silicagel chromatography 2
sfel e FEHoE vlrdlch A% o)A Fr
XI-6 09 g2 H20, H,0:MeOH(1:1)¢] &34+
McOHE -f-&40]Z HP 20 column chromatography&}<
3742 /Hl—“r—‘iri—‘,ﬂ~~ Ak o714 L Fr.XU- 6 -a %:'—3524-‘%
92 mgs CH,CL:MeOH(1:1)8] EFg&rls 289z
sephadex LH20 column chromatographyste] 932 £4-&
Pt o] e Y=pel ek 2 A A )] 2 T A el
Compound B(13 mg)s- 9¢it}. Compound B mp 335C
o 74 AAoRA anis Al FHo= WAsle sy,
ninhdrin A 2Fel) oFAd-8-& e}, IR spectrum © 2 5-E
1,720 cm’1ellA A&, 3,2903} 1,622 cm™o|4] secondary
amide?] EAE geld 4 glodrt. 'H-NMRF} “C-NMR
dataZHE purined-& 717 9lE& FHE ¢ 2l
MS spectrum 2256 —r-Z]-i’t 112[M"]el 3ghE9l-5 &al
3lgdet. o]E dHlelel2 ¥ 2,4(1H,3H)-pyrimidine dione
(Uracil) (Harbone, 1982)2 A5l ov], FFE Uracil?]

P74 olekE RE HelatiTh

CHLON(mw 1 112), mp:335°C, [0 0; 2, 4(1H,3H)-py-
rimidine dione, TLC system; Rf=0.42(CHCI,: McOH : H,O
(15:4:1) silica plates(5715, Merck), UV max(pH 7.0) : 202.
5, 259.5 (log £x 10%, 9.2, 8.2), IR(KBr, v, cm™): 1720(C=0),
1660(C=C), 1622(NH), MS(ELrel.int.): 112(100), 69(67),
68(246), 56(2), 53(2), 'H-NMR(400 MHz, DMSO-d,) : 10.04
(1H, S, 1-NH), 7.37-741(1H, t, 4-H), 6.30-6.31(1H, d, 3-H),
5.41-5.43(1H, d, 5-H) “C-NMR(100 MHz, DMSO-d,) : 100.26
(CH), 142.23(CH), 151.56(C), 164.47(C)
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Beke o~ 163 g AHuleke] 48k oglhg-of o)
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@A) e o AAIA BOACEE Belat 5
A1 RFAFIS] 88 g8 QUL o] WBate]
AFg 200 g5 #3) A4 CHCL: MeOH: H,0(15:5:0.2)
2 Ae7by A mEsiEaedE AAs 7 g
#l(Fr.l 93 g, Frll 8.6 g, Fr.lll 80 g, Fr.IV 15 g, Fr.V 30.4
g Fr.VI 22.6 g, Fr.VII 2.0 g)o. 8 1 edvh. 9 g #4o]
e FrlV 10g8 wer2-g /)L $lod cephadex
LH 20 Agex ZPzzntga=lsd A3ty 3719
FLIV-1(2.8 g), FrIV-2(3.0 g), FrIV-3(3.5 g% Igich. Fr.
IV-32 MeOH:H,0(1:1)% A }-2w)2 cephadex LH 20
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ZHE (2 em X 94 cm)S- ARg-8Fo] 37)(FrIV-3-a 0.5g, b 1.5
g ¢ 789 FHFOR F & FrlV-3-¢E t}A| cephadex
LH 20 st & 4 E-v2g EF402 s o)
A|A 7PH4] eluted}e] Compound C 7 mg(TLC: CHCl:
MeOH=1:1)& «ddgic}. A A= )20 MeQH : CHCL(3:
7yE- # 4| preparative silica gel TLCE s§s}git}. o] 5zl
mp 195-197C2] w184 JYAA o2 MS 2HEHeR
Fe] Ak 61 MR FEEd-S Fstgn). =3 H-
NMR=Z &  0.968-0.989 ppm(3H,d,J=8.0 Hz)ol4] 6"-H
peak, 3.057-3.088 ppm(2H, d, J=12.4 Hz)el|4] 6"-H peak,
3.057-5.059 ppmel| 4] sugar-H peak, 5.255-5.342 ppm(2H,m)
oll4] 1",1"-H peak, 6.174-6.181 ppm(1H, d, J=2.8 Hz)ol|A]
H-6 peak, 6.365-6.372 ppm(1H, d, J=2.8 Hz)ojA] H-8 peak,
6.811-6.840 ppm(1H, d, J=14.6 Hz)o|4] 5"H peak, 7.515-
7.546 ppm(2H,m)ell4] 2',6'-H peak, 12.58 ppm (1H,s)el 4]
5-0H peakZ® #Holslelch. o] % dolel2¥E] 33457
pentahydroxyflavone-3-rutinoside(Rutin, Merck Index 9th)=
#33}5ic}.

CyHyO6(mw : 611), dec:214-215C, MS(FAB', relint):
611(M", 4.90), 303(M-rutinose, 30.0), 185(51.0), 93(100),
'H-NMR (400 MHz, DMSO-ds): 8 0.968-0.989(3H, d, J=8.0
Hz,6"-H), 3.057-3.088(2H, d, J=12.4 Hz,6"-H), 3.057-5.059
(sugar-H), 5.255-5.342(2H, m, 1", 1""-H), 6.174-6.181(1H,
d, J=2.8 Hz,H-6), 6.365-6.372(1H, d, J=2.8 Hz,H-8), 6.811-
6.840(1H, d, J=14.6 Hz,5'-H), 7.515-7.546(2H, m, 2', 6'-H),
12.58(1H, s, 5-OH), "C-NMR(100 MHz, DMS$O0-d,): & 17.
5(C-6™), 67.1(C-6"), 68.2(C-5"), 70.8-70.4(C-4", 2", 3™),
72.2(C-4"), 74.2(C-2"), 76.1(C-3", 5"), 93.6(C-8), 76.8, 98.
8(C-6), 100.7(C-1™), 101.5(C-1"), 104.2(C-10), 115.3(C-2),
116.5(C-5"), 121.6(C-1,6"), 133.6(C-3), 144.6(C-3"), 148.3(C-
4", 156.6, 156.4(C-2,9), 161.2(C-5), 163.9(C-7), 177.4(C-4)
Ehouio] BE U ¥ Teg &Y

AREES 1647 AN F dEe) me)Reel
streptozotocin(STZ2F §HE FAldte] BFwg b
old] STZ citrate S+ (pH 4.5)0] o] A8}, 2

FoBE AT Fu d3%E A YA 713 2wt
& AFZ4E Hal 45 mgkg BWR 3gich, w8k Fof 3
= 2mlkg BWE slgich me]A e STZF:A} 244
Foll e oA M Fed 4] BAFES o] f5le] AL A
Fsled o1& 3,000 rpmel|A 158-7F A E=IE F Ak
e Ele] Tkl a s we) €5 FFEE FEE
FA5te] e A ofF-E dlslynk. UPEEY
AAFe] SFI= F57) 300 mg/dl ©)Ak)) FER o)§)
o dn7lslas) AFolM Buy HER ALgslc).
seZolEtE M

@l e FFHE 17 5872 sle], dAjske
A BE 2% tween 200 =0 19] 13], 797 AT 3
o} oFE2] HEFo] 2447k & etherZ, v} A7) 2 QF A
HFelA A F 3000 pmell A 1527E A EE]s)e]
AL HAL AZE ARSI AHARGNAE) D E
< 53] sk
AlEZ Q| X

Zt A EA FoA €] blood glucose level(mg/dl)S 23]
3 thg AE B Fod 74 39 blood glucose level(mg/dl)
< ZAsl9dc}. 2 A3 A mean SEM.OE EA544]
2., Analysis of Varience(ANOVA)Z &A1& 7 A 3}e]
ot & g g fojide] 9l AEEZE] blood glu-
cose inhibition rate= TR} 22 Ao 2 Aitslglic).

N

¢

do,

i By-B,
Inhibition (%) = x 100
By
By : A& EA F9319] blood glucose level(mg/dl)
B,: A8 24 Fo] 79 &2 blood glucose level(mg/dl)

NEER

E2E g sl e AlgSEe| st
Streptozotocine]] 2] s Frts @y = s 77)A}

9 ofdolAdlo| EZ H FEEE IV EEE& A4y A2

vl 72}%) & asle] whelgl Uracil, Rutin, 422 2 %)

Table . Effect of some constituents on blood glucose level in diabetic rats

Group Dose Nq. of blood glucose level (mg/dl) leood glucose
(mg/kg p.o.) animal 0 day 7 days Inhibition rate (%)

Control - 11 521.9+54.8 52734319

Uracil 45 7 53551553 437.61+37.5% 18.3

Rutin 180 6 513.0£45.1 411.1+£78.4% 19.9
Betaine 45 7 517.4+63.1 488.6--36.4 5.6
Ascorbic Acid 45 7 545.6:67.6 44704 64.8* 181
Daonil® 5 7 545.9+40.1 477.0+36.3 12.6

Values are mean +S.D., Significantly different from the control (*p<0.05). ®Commercial drug.
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ol-2 Betaine®} Al#o| HFe)%] Ascorbic Acid, A]Z-Z<l
Daonil 5 A5 &2 & salinee]] o 14 11], 747} 7
ofste] ofF HEFo] 24X7 F ether®. v AL
Azl A AP F 3,000 rpmc»ﬂ/ﬂ 15T71 A28k
TE YHE AR A8 A shsiet.
"] 'uit"’g o] A2
blood glucose level(rng/dl)i"]- A5 T 7Y F9
blood glucose level(mg/dl)& =7, B] allo] Table 1o FA|
shed T} Uracil, Rutin 3 Ascorbic AcidZ FoJ3§}h 413
ZE-9] FodzA 2] blood glucose level(mg/d)i}t A3 27 &
o] 74 %2| blood glicose level(mg/dl)S H|3}o] w2k
100mgd) AE YRRsETFE G 5 Uik Be-
taines] A9 o951 A ved] gsker} o
Zhashe A 3kRe geled & olgio)
gei2stsn) Rl AE=E9] blood ghicose inhibition
rate
AFEA TN FeAe] sle ddtstasd s el
E& EH“D’H/‘] Al @Az Aol £ 2 AldEE
blood glucose inhibition rateS F&}¢] Table 1] 22Fs}
]— T71ALe] welAd 852 blood glucose inhibition rate
T-&F A3} Uracile 18.3%, Rutin® 19.9%, Betaine-2
5.6%, Ascorbic Acid¥ 18.1%2] blood glucose inhibition
rate- 2 HeRy Sl

E

ru1ns ;& o rlr

A2 g ng

F7)Ae] o RolAdlo] BEEE  CHCI: MeOH(30: 1)
silicagel column chromatography & s§3}ed Fr. XII& 12
t}-2 o] 7A€ CHCL : MeOH : H,0(60:4:1— 6:5: )2 gra-
dientsle] 7702 #3F o7 lpgir) o]FeA FrXI-6%
HP 20 column chromatographysled 37] = 1l t}-& o]&
Fr.X1I-6-a(0.4 g)ol] thsl Sephadex LH 20 column chroma-
tography = 885}e] 2,4(1H, 3H)-pyrimidine dione(CyH,q.N-,
mw 112, Uracil}E st=]s}eic}. o] B4 folAgl= g
EFE el 282 GeAd) Fo4de] gl
Herg-ol o] FrIVE-E-g cephadex LH 20 Z&-& AH4-3}
of wEE AANLE AA 3N (FLIV-1,2,3)2 ok
o] FrIV-3& MeOH:H,0(1:1) #/N-&w} & cephadex LH
20 ZE& Pato] 3 (FrlV-3-ab,0)Z b the thA] Fr.
IV-3-cZ cephadex LH 20 283 & 2 E-oshe F3g
2 Hege-S E=7FH A clutedled  3,3.4',5,7-
pentahydroxyflavone-3-rutinoside(C.;Hz;O, mw 611, Rutin)
= @elslact. o] 28] LDg(iv.,in mice)= 950 mg/kg
(propylene glycol soln)e]t}. (Merck Index 9th, p8062;
Harrison 5, 1950) 28| =0 2 He] o2 wlanz]e
IR % '‘H-NMR 5 do]elz5E 1-carboxy-N,N,N-trime-
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thylmethanaminjum hydroxide inner salt(C:H; NO,, mw 117,
Betaine)2 Fl=E g}, o & w24 A tindd as-
cobic acide =wEAde] Houxl wl gle L—]—(Clemetson
1976; Qdetti =, 1990) uracil®) betaine R 73 u} ¢le

o] & E& o thglEAl-g A Esedn).

Streptozotocinel] 2] 3 A== @ =Hx=d] &) Uracil,
Rutin, Betaine 2 Ascorbic acidS A& 242 3] AHE
A Zojz)2] blood glucose level(mg/d)dt A)3 B4 Fof
74 %2] blood glucose level(mg/dl)}2 24, W]rale] Ura-
cil, Rutin @ Ascorbic acid= o=k 100(mg/dl) A= Hd7}
S5 9T + 50 297 ARELFAA 49
sk W97paskg hehd 229 A8 blood glucose
inhibition rateZ 73] 2 Z 3} Uracil, Rutin 2 Ascorbic
acid7} 18% o) 4o ¥g7lslaale z}o]ﬂ 2= 9]9dc}.

o Ake} Aat 7 ¥g| Uracil, Rutin @ Ascorbic acidi= 2]
A3 B B 5 dele) e Bl 2Ae] s
Mg AASE v A o] e ASE A7 Basit
3 ALEE T

il

ZAle| g&

o] el 1997A % T A AEr| e A AT R
A @A R 4-2-24) 07 SaE|glem, o]e] A4l A1
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