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Effects of rhubarb, emodin, antiplatelet and vasodilator natural products
on extracellular matrices and high glucose-cultured renal tubular cells
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RAE R IAT O RA DAL R, BB B BERBBBTRALAGT
4 E B F(TGF-B) & K % %5 - tyrosine kinase MY HBE L A B, M O E 4
captopril (3% /1 Fagirsk FipH 8@ H 50%69 % AR K, RIVEF& 7 %3
@ TEAREREA RS (emodin A rhatannin) ##E Fim B s S I6 RT3,
HIRRERKREFE (emodin) FieHu R, ML RERATEEA A DRA AL
Ry R, B SR KEM(Bl4e: Laurotetanine #4853k PLETEY dn g HRTR A
1 coclaurine 8| 2284 aspirin &94id MR D) F B — A A R “9E AL
W IRHER KR, BB TH—F THRAFRRTEAOERMKRE, B4R S
Ao o B B (LLC-PKL) R AR 5 i3 o M ¥ e B & & - TGF-P]
mRNA(PT-PCR) ~ TGF-pl A 45 M & & % £ (affinity labeling) % o oh ] &
(Western blotting)eg 3%, RIEFHE EafpaiEsk -

R BSEE RGeS L RIpH Rl R, B iriE T6F-pl &
TGF-B % — R 8 A% % R tafesh Pl A (col lagen-al (1) & fibronectin) &) % 18,
i Fr A a4 24 ( X% ~emodin~captopril saspirin~dipyridamole ~Laurotetanine »
Coclaurine » Genistein ~ insulin)#y s tafn M (R S 2w fn B & LDH #d ),
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captopril (1 mM) SLAruiaTa) e R—H T 8 Sim e min 4 & & TGF-B1
2 IGF-B F —RE A2 BRI E o5 B, K% - dipyridamole -
Genistein ~ insulin ~ Laurotetanine & coclaurine 8 & & i & 5 48 5064 5.
Emodin #7841 88 548 AT 20 6 4m B 5 H 0l 82 TOF-Bl R Rk, spicinss i
4 e e KR ga i oh Bt H (collagen) 893 JE o

AT & 3w R KA AEMEIR I Bk S o M 7T 45 R 2 230 0 5 B 7R & do N AR
E IR, @ emodin THREAEY EEAHFHRL, BAemodin 82 captopril
BRI LAE AR S HE AT R m BB RE K & collagen #9835, M B emodin 45 &R F 518
B F P, H,2 R tmBe it B ﬁtﬁﬁfé}%%ﬁi}% gt b ey 71, 1E1FiE—FIE
3
PSSR K > KFE > RAEY - BB R T

ABSTRACT

The pathogenesis of diabetic nephropathy (DN) may be related with
transforming growth factor-B/receptors and tyrosine Kkinase signal
transduction pathway. We showed that rhubarb and its active constituent
(emodin) was effective in treating diabetic nephropathy in
streptozotocin—-diabetic rats. [t is known that rhubarb or emodin has
anti-platele= and vasodilating effects. There are some Taiwanese natural
products with anti-platelet (e.g. coclaurine is similar to aspirin) or
vasodilating (e.g. laurotetanine has calcium channel blocking effect)
effects. Therefore, to further elucidate the therapeutic effects of rhubarb
and emodin, we studied the effects of various drugs and natural products on
celllular growth, cellular hypertrophy, cytotoxicity, extracellular
matrices, TGF-Bl/receptors in high glucose—cultured LJC-PKl (proximal
tubule-1like) cells.

We found that high glucose inhibited celllular proliferation while
inducing cellular hypertrophy, TGF-B1/TGF-B receptors type I and 11 and
extracellular matrix (collagen-al(IV) & fibronectin) production.
Additionally, all tested drugs (rhubarb, emodin, captopril, aspirin,
dipyridamole, laurotetanine, coclaurine, genistein and insulin) had no
cytotoxic effects (i.e. noapoptosisor LDH release). 0f all the drugs tested,
only captopril (1mM) can reverse all of the high glucose-induced efects in
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terms of cellular growth, extracellular matrices and TGF-Bl/receptors. In
contrast, emodin can reverse high glucose-induced cellular hypertrophy and

collagen production.
We concluded that the mechanism of the therapeutic effects of rhubarb

in DN may not be mediated by its anti-platelet or vasodilating effects. Emodin
may be one of its effective constituent because it (like captopril) can
reverse high glucose-induced cellular hypertrophy and collagen production
within doses that had no cytotoxicity. Therefore, the future therapeutic
potential of rhubarb/emodin in DN is worthy of further trials.
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RBARMECRAINANYHR, BEABTRENRAEKBTREERREFR
Tyrosine kinase (EGF & Insulin % %6 2 AFEHRLOFM(2-6), Bard
bt B IE b F (1): %%ﬂi&%J BRA RACK ~ Bk T A ~ BB R

T304 BB NSRRI AL S, SRR i 8 B AL (H SRR T J
S G uh AL, BUESHERR TaaRAsY A s, REZOFILE LI EE
wo sk (4540 BB E G ~ fibonectin %), iR 4 K E-F (TCGF-B) :%4»%
WP E A RipH AR SR EZOAE (5-10), EREGHAREERATE
LB R S e i A agAE R P, TCF- B #R A& R B e X R B AR b
FEHRE (6), Pl s aE RS T SR T e Rg L, EHTE
TGF-B sy H MR MipHlmppeit s, Ao R, MREAF AFHT I
TGF- Paydiibsc it sl L6y %, Rerdicil S Emaiior T me (1) -

VSl B S SR MR L TT AR L 5 08 R 0 B) BB B R e B R ICE B (L, 13),
HA YO BRGeELSHRBTHAEY, BR¥ET@insy Na-K-ATPase -
ey E G g ks C (protein kinase C, PKC) ~ AT#|Ag % (PGE2, TXAZ, etc.)
% mBEGETBE@E (1), WRAZEA" Ba#Est (14), A0hdaa AR
B H B E AT AR B B miany” SARHT A (10) « TTHEA, REABARA
BomG PR R s, EARFSGE R VA (16), MAEEEARANK
HHE AR LB AR B‘Ekéﬁ BT, 122 K a9at 739 5 [RAL B 4 3k0R %
(1,9), MmARFICEHHIMLRNTINERARTEH LELERT EEXFE,
BB R s 8 B E s £ (2-4, 12, 13) -

BASYES| d g ~ B EanEr Fin B (#]4o captopril) ~ o RIpH ] (5]
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4o dipyridamcle, aspirin) 1K O R RAT S 5 B (f5] 4o st B FE 75 ) % 458 F-
BT E]) F AR A SOR BoR S ahia Ak (1,18-21), mA b A% % T4 dn it 4E 2p
£ TGF-Bx R (3,22,23), #lio: 1KE G AT ABRE T TCF- B, ﬁ@%%@#ﬁ
BRI HI B RIPR T AR T 4 50 RBRA TN S B, 3T 080 B A
M Saegpd] TOF-B &9EM TR EHAR TR (11), Hubdieiid —#Eie
aedp ] TGF-B R 69687k, $LE A Ciod iR, “THEA A 45 3k
b P R A Bl o MR APILEE T captopril RV BBEAR A 49 4% &8 5T 45 —
i wm BX TOF-B K B89&H (3), —HHAlieduE B ELENE
R F KT a6 ) Z1 48 (13), M Ciodpd] TGF- B 694 B T iR S48 S s B
TR R T AMTHEKE X (11), TH LB A 685 b i3 A4
Fa AEAZER 98T, MAREEBARLENLATRES MR S e R E AL
1#, BELFEfeik it — M aysdpd] TCF- B R B 69565 4ok, W8 3T O 4nbl F k44
M, STHEEA A LR A 2k b 48 Aok Bom 4 e 2 4L

K= (Rhubarb officinale) ~ B8 % ~ 25 % - £ 4 5 % (Cordyceps
sinenc;is) EoB~ TS BES (R REFCASZ-HFHEEHEE) A

w & X (Abelmoschus manihot) - E_%tﬁiﬁf\“*i& ALEARAE B AT AE O LAvh
}%ﬁl TR FHRRE H EayF E(27-35), HPikdr (36-38) Rmpe:% (31)
A M TAFER %, BRE RF GRS T USRS EE B m R
R bR RUE %ﬂti%l%éﬁﬁfﬁ (29,39-41) « REFAHAPHE PR (42-
45), PR T TLUEIER ~ FHRE R 290, R bH R B2 R4 BR,9T 5 =] LAER,
i‘f}%ﬁcﬂ% B B IR 8 Y %Hﬁﬁ&)’i (40), H THET ARV Sk & B > ALBS AT R AL 4 18

B RER ARk BEGIERE (29,37-39), ZAHAEREE U AT H —

M: BB R Y - RARGEEYE R, BREEETAELEIERGA
w5 (Enodin)*TAE40/E T E R 89 A €, Mo RF R emodin A& AT L4855 TR
LR AR (R ATPT ) A M AVER © MBARET PIBR £ (46) ~ dps] B %8y NaK-
ATPase (47) ~ #p#) & fl"-ﬁ‘ﬁmﬁﬂé’]i@it(@ 49) ~ AR G st C (50) & #p 4]
Tyrosine kinase(5H1)%

&ﬁ%ﬁméﬁﬁﬁ%ﬁTkw&k TEARGRMR, GERMEBEFE —wF
WH R E LR ~ B BBEARRR, RN EREBEREL B R R
MR, LRSS A BRREMZ P a3 % B doo Rk 35| B 64t
H-% —#& g 45 A (Phoebe Nanmu) ¥ Frébfbz dl-coclaurine (54) & #iB5k + &%/
) aSpirin B ARBA B 3245 7 o3 SR 458 T el B T S5 5T LA I 48 s B
%, EEH FR(23,50), MABHAETRTLARREMPHILH S S 0B
ik, HPH —FA L#AM(Litsea Cubeba) #f & ¥ Fratit 2 laurotetanine
(90, 07) ¥ #1453 1M B ] B A B ey B3F4F A, R b #4558 48 T 18 Sfdsh b
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W KRB R, AR TRARERAETEGBOERMRY, DT RE
B AES G, BB RILEE AR A, bR EREE E —ERAME
BER -

B b At 2|6 B 8940 F: RESERMY P BEARITEMTIHFRARTRAAR
+ B AL BKGBERREBREGHR, BTk RESKR E—FE s BB B A 3
BB o ih X, B bkt — SR A Sk ey LLC-PK] fefle (CBARIDIRTS
), REFR AR AR c REERAB A RRA M SR H e MR A
dn I RE ¥ tm i & E > TGF- B1 mRNA ~ TGF- B A48 ME R KX & #lbam o I o]
wah W BN A tain R, AERE-DT MR RK T G R e1E A
Wed 3 W 4 T Sk B B AR R RO BB R A e R B IR A e, Aot
81 413 sbys AJE & — R A 89485

R~ Ak ik

4
. ki iy (#tag & # i, AR Rheun Officinale):
q. kB (1-1,000 pg/ml), b. i@t ERY (1-1, 000 pg/mi)
9 k%% (emodin, Sigma, U.S.A ): 0.01-10 mM
3 dl-Coclaurine (&teR £ R REMHTAT); 0.03-10 pM.
4 Laurotetanine (5B xR AR AT 0. 035-30 pM.
5.Dipyridamole (Sigma, U.S.A.): 0, 3.4, 11.3, 34 pM
6. Captopril (Bristol/Squibb, U.S.A.): 0.1-10 mM
7. Insulin (Novo, Denmark): 1071107 M
8 Genistein (30 uwg/ml), Herbimycin A (2 pg/ml) (Sigma, USA).
DL b AR g L S4B R B R AR R A AR AR S a2 LLC-PK] @Wfe
4 E & TGF-Bl mRNA R % B2 AR EA K BRAR Eapatt (LDH assay &
apoptosis) # o
tmfnis g (3, 12)
i+, LLC-PKI #mgp (CRL 1392) 44 a £ B (ATCC, USA), %o Jeo, 3L A AR
RPMI-1640 (Flow Labs, USA), P-4 % &4 11 oM (200 mg/dl), 10% fetal calf
serum (FCS), 1 mM glutamine, penicillin 100 U/ml, streptomycin 100 mg/ml,
5%C02 incubator at 37 'C, #mjpsg k¥l Am L, HAKMRR—RK, 4
B 6 7505 #4404 trypan blue exclusion test ZRFf4E o
B A 4452 (Cellular mitogenesis)Z Blx (3, 12)
sz, mipA % B4 H-thymidine incorporation 10to DNA xR
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AE, BB, Ml trypsin %14, L 8 x 10° ey B4 16 mm = 24—
well tray #, —R#B#A R4 0iF2 11 oM (200 mg/dl, E4#) % 27. 5mM (500
mg/dl, m#E) ZISEA, BF N BIE Y 24-48 NoF, f2 1% v BE Aol 2 nCi
Z_“H-thymidine, A PBS i¥&m-k4%, 24 10% trichloroacetic acid {# 3t:, 12
0. 1% SDS & 37 C #& 30 448, KB liquid scintillation B counter
B 5% “H-thymidine incorporation Z & -

min kA 2 xE g (3,12)

ez, A 5 x 10° per well 8B A 6-well ahizdkm P ‘afh
Rihz 1k, AR SaFzmdR (11 £ 27.5 M) — R, K lAZdsid
@y 24-48 JEF, 2A 0.05% trypsin/EDTA B 4afin4% A hemocytometer 8 &
tmfn R B, 52 & G E 1%L Bio-Rad protein assay (Bradford method) &
T, M 4$hFaRkaERiREmYE, mibEa bR kmibie A -

fe Fie I fa] ' 28]

5%, collagen =B &AM H-proline incorporation, %K% BuE
kAT ERAELB 74 sub-units. Fibronectin z 8| % 8|44 #1A anti-
fibronectin antibody % Western blotting

t i as & (Flow cytometry) (3,12)

e X, fafn K] BB s b B AR RE, T2, #mBBIL trypsin BRF 44,
{5 R34 27 10°%/m] &9 PBS #, 48 % A FACScanTM (Becton-Dickinson, USA) i
10, 000 1840069 forward light scattering & 4X & 48 #tabi Ao o

RNA 2 2R E 388258 E8 KR E (Reverse transcriptase chain
rcaction, RT-PCR) (3,12)

s, fmfnx total RNAGM#E#EE) 2L acid guanidinium thiocyanate-
chlorofrom method 2 &% 8 (58), K& £ 260 nm 895 KB a8k
BB 1. 2% agarose gels 89 ERREE, H£—F&ay cDNAAFA 2 ug & total
KNA 24 ol.go(dT) # % (First-strand cDNA synthesis kit, Clontech
Laboratories, Inc., USA). & Ao 200 U &4 Moloney Murine Leukemia Virus
reverse transcriptase, 0.5 U #4 RNAase inhibitor 4 ml 9 5 X RT buffer
&, £ 42 C s5& 1 /pef, BEHAE 95 Chodh 5 548045 L RE, Ao 100 ml
B EBET R FEL, JKERAL -T0 C, PCR &9 primers 14 14% TGF- B1 mRNA
(Genbank Accession number X12373) &9 4% H & & %] 2% 3+ (TIB Molbiol
Syntheselabor, Berlin, Germany), B-actin &9 primers {414 mouse &44%H &
JRosket, basey primer & 5 -CTACAATGAGCTGCGTGTGG-3, TFi#%4y primer &
o ~TAGCTCTTCTCCAGGGAGGA-3", £4 10 ml = cDNA & Thermal Cycler (Model 9600,
Perkin-Elmer Cetus, CT, USA) R & 30 cycles, E# A8y protocol &: 94°C for
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| minute (denaturing), 56°C for 45 seconds (annealing) and 72°C for Z
ninutes (extension). The final cycle included a further 5 minutes at 72
C. A ey RT-PCR 35 & B4k 2 =k, £ K&, PCR & 4hed 2% agarose gel Eik, B
ta. KRB UEIILERNEESMEISVREERE, $5% ZHKR RN
B4 2 A8 e RNA & R g m negative control <

TGF-B+ %8¢ affinity-labeling assays (3, 12):

Mz, tmpsd 100 pM = "PI-TGF-B1 &£ 4C 34 4 %, H& XA
disuccimidylsuberate cross-1ink, #f&24 lysis buffer (10 mM Tris, pH 7. 4,
| oM EDTA. 1% Triton X-100, 1 mM phenylmethylsulfonyl fluoride, 1 pg/ml
pepstatin A and 50 mg/ml aprotinin) iz A% &= e, cross—1inked proteins £ 7. 5%
SDS-polyacrylamide gel &k, #ik£ -T0C A autoradiography 2 A8 o
Fibronectin & & % 7& »# (ELISA) 8§ 2 =, %f el PBS(& 1 mM sodium
orthovanadate) EFikid, amz tafp Rk ed ELISA assay kit (Biomedical
Technologies Inc, Stoughton, MA)f% Fibronectin &% %/ 547, IEVALRLE
F M ey A kg IT -

4 B - K BR

Tz, i 5000 g, 4C Hk#Eo 10 548 & 50 ml M EFREE
96-well &#9&2% 44 plate (LDH assay kit, Boeringer Mannheim, Germany), it
VAN F W L84 I E AT AT o

4 §, A 3 (apoptosis) B (59):

ver > tmphismat lysis buffer (20 mM Tris-HCI, pH 8.0, 0.1 M EDTA,
1% SDS, 500 mg/ml proteinase K), 4 37C #%#& 4 /BfE, ZEU DNA, T
# DNA & 1. 2% agarose gel &k, 1A ethidium bromide £ &88% -

Bt ik

P e sk AR meantSD &7, i ehsitE A unpaired Student’s t-
tests, Ho¥tsReytbixikA paired Student’s t-tests, &4&% ¥ l=]a948 il &
%R GPEEER AT o

SiEAG R EFEEME iy R R mE G 0%
ha Bl —~ B =R AR, SRS T b ey RAR Bk a R, M
*% - Laurotetanine ~ coclaurine Ao A—R1&, FAciEHR SBATER A LRI
R 4’5 ¢ 8 (insulin~genistein~aspirin % a9 R 7R3 Mm) - A F Captopril
(BB wA— KL, TLEGEmRYeRE RN RaBEa®,; o
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Emodin A dipyridamole (B v &R B> )E o A— K%, o] L8] F 3645 8 5l
PRt tmfin g 'q o
) HE B EFE B My ¥t ta i A (apoptosis) 8 3 &
Wk A, DNA fragmentation 447483 Laurotetanine, coclaurine,
captopril, Rhubarb A& emodin % &< @Lﬁiﬁmﬁﬂiﬁﬁt (HAb b & —4%) o
e R S FE ¥ tain - (LDH release) gy 3%
B NPT, @ LDH éefio MG 3 AT A &) B M3 R 38 hv LDH 8495854, 7F
PP 34 s dm o0 251 o
G FER &5 i B4 fibronectin &3 %

o [B]l /UProR, #IA Densitometer =1 B, @489 pA42 i fibronectin 894,
w7 captopril/insulin A oh, H 4 6) % 434 & & 13 88 5 88 PR 42 & B
fibronectin &g ©
PR R & B ta e B ik, col lagen & &5 %

o B +Fror, #1H Densitometer = B, & 4Ee LA{2 i collagen al(IV) #94
M, iR T captopril R emodin BASh, HA4beh &y &k i 3% SAEATILE &Y
collagen al(IV)4& s, o
e R &FE ¥t e TGF-B1 mRNA #% 37692 % (RT-PCR)
o ] +-—F7sr, #]A Densitometer )& TGF-B1/B-actin ratio, T B, & #%
o] LA i TGF-B1 mRNA 69 %34, MR T captopril sish, HphdhBiniy & ki 4%
= FEAAE & TGF-B1 mRNA %38 -
e R & i e e A0 89 % B (Flow cytometry)
o8 AR, A de MR BB s i A (forward 1ight scatter), =
R #Ee] LR mBa e R, MR T captopril BAsh, Hiba)&iih kit & Sk
PITE 18 64 bm o B K ©

ik R A48 il TOF-B % 8 2309 B % (affinity labeling)
Yo B + =7, TGF-p% B (affinity labeling) & £ 21, #| A
Densitometer =] R, 45T U428 F — R F A TGF-B £ By £ 8|, M T

captopril vAsh, HAda) %ipds @ik o8 S it sy TCF-B £ e k3| -

B 3%

WhRAEBRAY+RER P, SETEEM, BFEBIMES i, #ikkiks
JEH NERE R TAS B R tbth kg m A (1), IREZBMARBEZEA
TAENERR, CHBRERMGOMEGERE R AE, F bl by b4 5% 7% A
YmbkEiE, HRBNELIEETFLAMRIES -

— AR



P ah R HAM R AR AR TR T R RRME R ARA, E g
By SRR B AT ERIE T ARk, MmE PR A SRR EE - JEFEAE BEHUE X B R H Ak R
Bk L SEERBY R, EEETLB ok )N S REEEE, HEEKRL
FEAEPEREVAEROBTINEREASZRMERTEE(24-26), RITfLEF|8F P
WA —# 4% aristolochic acid (GRA B eI R T Z—) 69RHE P 81 i 3L
+ AR R R EHE 28, BRIE LR RTHENE % B8 44it,
SR B R FE AR AL LA K EP AR 4 AR kg T R R R R E, b E4RE
AZLE "FEERE (20), HILTFHASGBEMTRBEABLRRET BHE LA
AR ATFE 6T AE -

BAEFFOFTESZIRATRERARATEFTUNEGB R RKEGRMEG LK~ &
+ TGF-B1 ~ R F(ALEZF 3 )ICGF-Pl Reasfpshfl 8 9%, mEioRkmgR K
5 B A P MR R & B BRI E (52, 53), X Cikesm MRk EHpd] BB R L
BE B G RE R B (18), TR L8R 37 % T IE BB AR L48 X &, K
T RE R B M RAE BB F R FIER, makd T H/6ETEmamR(18)

At BB F A E, AASBESEGWRE DE B RS B B R %
Btmip i, SRBIPSGET Al dafnay o R, 1279 LT dm o iR KR & o 51 fal
% (collagen—al(1) & fibronectin)ey® s, ReFdiei TGF-Bl AL E—RE =
A2 Ry ERB, ARG E&FESE(Insulin ~ aspirin ~ dipyridamole -
genistein ~ captopril) A X AR %4 ( K ~ emodin ~ laurotetanine ~ coclaurine)
+. R & captopril ¥ LAif g ST RGP R A MR, M emodin B R AEiE R 5
1B PIT BR 64 e B AR K R tm BB FE B (col lagen) 893 & -

Fuk#an 4 dipyridamole & asprin #AABER LA, EERAFRSE L
¥l doo AR89 EEE, Bl LT e S pE fkomR B IR S b A B, genisteln & — 4%
tyrosine kinase Hp#)#|, Rt tyrosine kinase 4% SZ3EPTEEYEF B m ¥
# B, laurotetanine & —#&458F-1rAMTeY @ IR, ™ coclaurine A% —F&
s AR IR, R A AT 8GR SRR, RIERART
1o B SR g5 B 0 B9 A P AR O] AE R 2 818 i B IR TR R i MR SR B 69 Hp ) -

1h ~ S PE R

FAe & A emodin FTAE R Aw P X 2698 #otr, B A emodin £ captopril
ZROT LLE 32 S4B PR R m e e A R tmBp sl B o9 2 %, MmA emodin & AFERATIE
AegdlEd, i3 Fminatt, FEASLBEERRE RS LSS, BI1F:8E—F
IRFT o

RERPBATABATRETABAE S 2P0 -5 > THMEEB2
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] 2 3 A4 > 6 8 9 10 11
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1 2 3 A4 2 b [ s 9 10 11
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