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Fibrosis in kidney by internal and external factors causes progressive loss of renal function. Renal fib-
rosis is the inevitable consequence of an excessive accumulation of the extracellular matrix. TGF-8
plays an important role in the process of renal fibrosis and stimulates the synthesis of profibrotic fac-
tors, including collagens, fibronectin, and plasminogen activator inhibitor (PAI-1). We examined the
effect of Moringa odleifera Lam (moringa) extracts in a rat kidney fibrosis model. We found that moringa
root extract suppresses protein expression/mRNA levels of Type I collagen, fibronectin, and PAI-1 in-
duced by TGF-B in renal fibroblasts. Moringa root extract selectively inhibited phosphorylation of
TGF-B-induced TBRII and the downstream signaling pathway (e.g., Smad4), and phospho-ERK, but
not JNK, p38, or PI3K/AKT. These results suggest that moringa root extract can act against TGF-3
-induced renal fibrosis in rat kidney fibroblast cells by a mechanism related to its antifibrotic activity,
which regulates expression of fibronectin, Type I collagen, and PAI-1 through TBRII - Smad2/3 -
Smad4 and ERK. Therefore, moringa root extract is an effective substance for fibrosis therapy and pro-
vides a new therapeutic strategy for diseases associated with elevated profibrotic factor synthesis.

Key words : Fibrosis, moringa, PAI-1, Type I collagen, fibronectin

M E

Afree 98 B9 A7) 240 954 £e YREH A=
& we A3 2400 93] 4710 L4580l FAAAE 3
gy ddoz A4, A, 7, AFE 23S dFE F7
A E = glome], TheFs Alo] BTl ot AdfrolA| e
843, AFuksol] 7198 TN T M E T 93
ZAES 2 AEZAY SRR FREU4] AFEE &
T3l= 4 QAAZE IL1 (interleukin-1), TGF-B

(transforming growth factor-f3), TNF-a (tumor necrosis fac-
tor-a) 50] 2.7, o] F TGF-BE 7154 Ao E7loz
AEZA B 28, AT 485, AL 9 714 a9

=]
RuN

e

| & GASt= PAI-1 (plasminogen activator inhibitor-1)
2733} fibronectin, Type I collagen® & | & 714 ol
4 242 27h AA 448 AR AYAAE 489G
[12,22].

TGF= 2-8-4-&#< TGF-B type I receptor (TBRI)®} TGF-
B type II receptor (TBRII)S} Z33}te] serine/threonine kin-
aseS B3} A17]131[15], 3F1 7191 Smad2 QUAFSE #
2], TGE-B A5 7] 3ol ofsf &43} &= Smade r-Smad
(receptor-regulated Smads), i-Smad (inhibitory Smads),

co-Smad (common-mediator Smad)Z Y] | ¥, r-Smads

*Corresponding author
Tel : +82-53-650-4848, Fax : +82-53-650-4849
E-mail : ycchang@cu.ac.kr

(Smads 1, -2, -3, -5, -8,9)% TBRIC| <J&) #H 2oz <143}
o] "‘i"”lf?}i co-Smad?l Smad4d} A%, o E o]F3}
o Afs f= 717E& @43 AI71H2,2235]. i-Smad
(Smad-6,7)= TBRIZ 5283l r-Smad®} co-Smade] &
& AAA TCGF-B A aHE 7|1S JA-24sta g+
A 91tH14,18,23,31,37]. TGF-B A& 71%-& Smad 7] %1t
o}y 2} MEK/ERK$} phosphoinositide 3-kinase (PBK)E &
gl A71H27], H2 AT Aol A TGF-Bo ol &3}
¥ TAK10] 319]9] INK$} p38, NF«BS ZA3AIA A 44 H
3 At dFARE TEE v o7
Sholl M A3k whe} o] TGF-BE FEH = A PAI
& 5olH oz A e BHEA] Fou Afirg 7Y Al
& 5o 34 Te A AFAES FE8ka TGF-B
HI %3 IL-1, TNF-a9} 22 AF#™ Ao]EFQIo o3
413} ©TH9,29,33,40]. TGF-BE S48} ¥+ PAI-1LS thE
# 0 2 EGFR/pp60c-stc/ MEK/ERK 7]14& 538 2450
[21], Rho/ROCKY] ¢]Z&2/¢] Smad2 Z&<S o F=drh
[7,34]. Z1&v} TGE-B) th7]53Q 2402 HZo| % TGF-B
¢} PAKITS] FAZRAE7)A A7} A& ok ek G4
ZH A AEZAE FA3L Al E migrations F3l A4
A5 F8% 9&S 3= fibronectine IEAA] 2273}
2 2511(5,17,20] bwuoﬂ A TGF-Boll <J&] JNK<+
ERK1/2¢ 9]&A 02 Smad A5 7| Ao HlJEH o7 24
wo] Aol ie E3E I}‘ﬂr[16,19]. Type I collagen
AE 9 7149 FR3 FARAEA fibronectind} Zo] A X

Mo
e



1372 A3 38k %] 2012, Vol. 22. No. 10

Gl
3=

71200 A Aoy Foetd 9 75 st
¥k AW S ES39]. F A3k ZEell A Type I colla-
gene MAPK 57| &Aooz FE5M[32], IL4%
L1302 fE¥e 3% Af3d e ERKE Soto] 249
o & A lvH4.

Moringa dleifera Lam® moringaceaed] ¢ THZ E0|7}
510 mell o2 Wo|TH1]. wa7ke obAlo}, bz, of
ghHjo} Sl A A= Tl gt BlgpRlo] 3
E1, oo er Hd35H FAT, T
&8 7HAI ATH1,3,11,28]. BE 7] thekek 95 4
S8 FE oJ&He EY7 A& BIIEY, &, wign
C Zs Tol T53 ISA = o] &HM[36], Bt A F&
&2 flavonoid$} isothiocyanates, glucosinolates, thio-
carbamates9} 7S A SAEAS Fdsa QIoH11]. E3
B7 A FEE0 7 7% B AUt e AoE gl
HACH13], A A EZAER 54 adrt Jve A
o] ¥ %l vk JATH38]. 2eu 27t o] Adsol et
e 71do] i EHe] A &

b & dFold e A REE AT RYE ot BY
b FEEEE ARARE #& AZo AHeste] PAL1H
Type I collagen, fibronectin®] H& &S Fall B/ 5
=9 FAF3 aHE Felstglon, ofs LA e B
7t FE2EY 24 V1S AT

N

L

Mz o

Ha

2ot FE= M= F Mzoief

2178 A frol M EF(rat kidney fibroblast cell, NRK-49F)=
American type culture collection® 2 5F-E FH3tAt A%
Aol E = 10% 8 A (fetal bovine serum,FBS) (Gibco-BRL,
Grand Island, NY)# 1% #7)(Gibco)E ¥ DMEM-
low glucose (Dulbecco’s modified Eagle’s medium)(Gibco)
Ao M 37°C, 5% CO, 27 3loll ] Y3tAch. TGF-B, PAL,
Type I collagen, Smad4, p-ERK, p-JNK, p-p38, p-AKT,
p-PIBK, B-actin Santa Cruz biotechnology (Santa Cruz,
USA)ell A -8te] A&ttt & A3l A3 Zd7h=
2e] @7t Feistel Bede £us 9 A8E FA3AL
FEEHHTA BAMT €T 1-83)914 AlF kol A3
o AlE FAS 108 (w/v) ] 80% WEHEll 7ate] 24417t
Fok Al % 33 WE F2AAT $292 ool
rotary vacuum evaporator (R-3000, Biichi Switzerland)= 55T
A &% g Axsto] A&

WST-1 assay
6 A7 12 ARE F<F ZR7F FEES AT A% Aol
M3 WST-1 reagents 4 A|7F 2t A & BJAEAES

o183l AE F4 £AE 23T,

Western blot analysis
AR Aot ZE 3x10°/100 mm  dishol] B A =

'l%
AA L, 78 o] Z7F FEE A2 30 £ A =
E42 TGF-B 2 ng/mls At Y7t 257 &7 6
AIZE S wi skl Wi F gt e AAst L A2E &
AP Fo] o} 4T, 12,000 rpm & 10 £ 7+ YA B 25}
o] A50g A S IPH lysis buffer (50 mM pH 8.0, Tris
150 mM NaCl, 5 mM EDTA, 0.5% NP40, 100 mM PMSF,
leupeptin 1 mg/ml, aprotinin 1 mg/ml, and 1 M DTT)Z
A= AT 4TolA 20 & FE A= A7) 12000 RPMo] A
20 % % ALY F, AE FEEEFH GAS B
skt FE3 e Astel DIT7F H7he 2xSDs-
loading buffer (100 mM pH 6.8 Tris-Cl, glycerol 20%, bromo-
phenol blue 0.2%, SDS 4%, dithiothreitol 200 mM)$} 4

98CelA 5 &3+ €& 7Heh § 10% SDS-PAGE gelell X7]
%53t Immobilon-P-membrane (Whatman, Germany)ol
o] 5 A 7tk Membrane Y28 anti-p-TRRII, anti-Smad4,
anti-p-ERK, anti-p-p38, anti-p-AKT, anti-p-PI3K, anti-p-J]NK
o WHEAI7)AL o] A o 27 WAz A Sl
W 240 Horseradish Peroxidase-Linked ©]&}g}A] o o3|
28 =)= ECL Western Blot Analysis A|2~8l& o]&-3fo] A}

Reverse  Transcriptase  Polymerase  chain  reaction
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Fig. 1. Effect of moringa on the proliferation of the rat kidney
fibroblasts. Rat kidney fibroblast cells (1x10* cells/ml)
were treated with various moringa extracts in the ab-
sence of serum for 6 hr (A) and 12 hr (B). Cell pro-
liferation was determined by WST-1 assay. Results
shown are means + SE of three separate experiments.
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Fig. 2. Regulation of profibrotic gene expression by various mor-
inga extracts. Rat kidney fibroblast cells (3x10°/100 mm)
were incubated with 2 ng/ml TGF- for 30 min, followed
by treatment with various moringa extracts for 6 hr. The
protein expression (A) and mRNA expression (B) were
analyzed by western blot and RT-PCR. B-actin ex-
pression was included as an internal control. A repre-
sentative of three independent experiments in shown.
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Fig. 3. Suppression of TGF-B-induced profibrotic factors by
moringa root extract. Rat kidney fibroblast cells
(3x10°/100 mm) were incubated with 2 ng/ml TGF-B
for 30 min, followed by treatment with moringa root
extract for 6 h. mRNA expression was analyzed by
RT-PCR. B-actin expression was included as an internal
control. A representative of three independent experi-
ments in shown.
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Fig. 4. Suppression of TBRII and its downstream signaling path-
way by moringa root extract. Rat kidney fibroblast cells
(3x10°/100 mm) were incubated with 2 ng/ml TGF-B for
30 min, followed by treatment with moringa root extract
for 6 h. Expression of cellular proteins were analyzed by
western blot. B-actin expression was included as an in-
ternal control. A representative of three independent ex-
periments in shown.
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Fig. 5. Schematic model for suppression of profibrotic factor ex-
pression in rat kidney fibroblasts by moringa root extract.
Moringa root extract selectively inhibited phosphor-
ylation of TGF-B-induced TBRs, and downstream signal-
ing pathway such as Smad4, and phospho-ERK, but not
JNK, p38, and PI3K/AKT. As a result, TGF-S-promoted
protein expression of Type I collagen, fibronectin, and
PAI-1 was inhibited by moringa root extract. Moringa
root extract blocks expression of profibrotic factors
through the TBRII-Smad2/3-Smad4, and ERK. See text
for detail.
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