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ABSTRACT

Objectives : The current treatment regimens for patients with nephrotic syndrome due to membranous
nephropathy(MN) are based on steroids or immunosuppressive therapy with the aim of reducing proteinuria
and improving outcome. Although these treatments attenuate the deterioration of renal function in MN patients,
it has been suggested that all are burdened by significant toxicity. Therefore, more specific and less toxic
therapies are needed. This study was to evaluate the effects of Coptidis Rhizoma Extract(CRE) on the MN
induced by ¢cBSA in mice.

Methods : Mice were divided into 4 groups. One group named for 'Normal’ was injected with a saline
solution not to be immunized. The rest groups were treated as follows; After mice were immunized with 0.2
mg of c¢cBSA and Freund's complete adjuvant one time every two weeks for 6 weeks, they received
intra—peritoneal injection of 10 mg/kg of cBSA daily for 4 weeks. Also, they were divided into 3 groups. The
first named for 'Control’ was not given CRE. The second for 'CRE-250" was given oral administration of 250
mg’kg of CRE daily for 4 weeks. The third for 'CRE-500" was given 500 mg/kg of CRE. All of mice were
sacrificed 4 weeks after the first immunization. We measured a body weight and 24hrs proteinuria as well as
serological analysis. The morphologic changes of renal glomeruli were also observed with a light microscope

and an electron microscope.

Results : The levels of 24 hrs proteinuria, triglyceride, IgG, IL-6 were significantly decreased in both CRE
groups. And the level of IgM was significantly decreased in CRE-250 group. In histological findings of kidney
tissue, thickening of GBM and deposition of electron-density were consideraly decreased in both CRE groups.

Conclusions : The present study suggests that CRE is highly effective when treating mice with MN induced
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by ¢BSA. More clinical data and studies are to be done for efficient application.
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(BSA), anhydrous ethyl enediamine(EDA), 1-ethyl-3
{(3-dimethylaminopropyl) —carbodiimide hydrochloride}
(EDC), HCl, Freund's complete adjuvant, chloroform,
glutaldehyde, glycine, NP-40, ethanol, hematoxylin,
eosin, paraformaldehyde, triton X-100, RPMI-1640
media, phosphate buffered saline(PBS), RBC lysis
buffere]™, 10% buffered formaline Sigma (USA)
AES AFESE L, fetal bovine serum (FBS), horse
serum, Hoechst= Hyclone (USA) #|#-S AFE-3FITE

(2) 717]

2 A A" 77)e f] 8t
BUCHI rotavapor R-200 =23 BUCHI heating
bath B-490 =9 (Flawil, Switzerland) ©]-&3}9]th.
cBSA9 isoelectric point (p)E &A3sl7] sl
Bio-Rad (USAAF] 3 H7|9&3AE AHE-8H A,
cBSAS] A7|E Zolr7] 93l Bio-Rad (USA)AF
5% SDS-PAGE 4 #7]195dAE AHstoith &
gk ol (proteinuria)©] 5742 Bayer (Germany)A}
o] Albustix®, cytometer:= FACS Calibur (Becton
Dikinson, USA), ELISA #%7]= Molecular Dev1ces
(Minnesota, USAAF AlES ARSSIEE AE5E2] 4l
A2 A= Serotec (USAAF] cooling microtome
(Washington DC, USA)S AF&3}%1.2H, metabolic
cagex Techniplast(Varese, Italy)A}e] A|#& Al-&3t
At

= = O
A FEE
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1) AN zA

#5400 g& S/ 2000 miell 7] ¥ FE7
23X FEs] A AE FY 0440}"’ °]§ a
A=F A (rotary  vacuum evaporator) & &=3%F U}
S, ANZ7(freeze dryer)E 4A ZjJ_o}oq 24 g

(FAE : 6%)9 BFHFEE(Coptidis rhizoma extract,
o]3t CRE)S o] W% RH#sla Y Frz 34
sho] Adof A}&-ak3Tt.

2) Antigen, cationic BSA¢] 4]

Cationic BSA(cBSA, Sigma Chemical Co, USA)
“ Border?) 1101—1@151)2 Z=A3le] BSAE 3letd o
Folslete] Azt 20 g9 BSAE T/ 12
meol] 5ola, thE FHOR 20 mee] FHol 268
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mle] EDAE 431 HCIE 718l pH 4.759] anhydrous
EDAE wHE9] 25C=E 2gt} o] EDA solutions &
A sH)8 BSA solutionol] o] 41, #o]o] EDC
150 mg& ¥aL 4A7F FF AlE Ao]Feh e
f-o88 1 ml EconoPac High S cationic ion-exchange
column (Bio-Rad, CA)9ll 7}stal pH 6.8 phosphate
buffer (40 mM)E washingdle] %o]23}w#] -
BSAE AAg & pH 1069 phosphate buffer (40
mM)E elutiond}ith. 5% thin-layer polyacrylamide
geloll A1z cBSA$} control BSAE loadingste] 43
A719% 4% (Bio-Rad, USA)°IA  ¢BSA9] isoelectric
point (pD)& ZAsir HF @d Frxe BCA™
protein assay kit (Pierce, USA)= spectrophotometer
540 nmel A optical density (OD)E Z=743s}o] AAlst
Aok

3) MN model F% = HH Fof
#9] female ICRZ mouseS 7} 9 107+ 4
alo] At (non-treated group, Normal), Utz
(MN-induced by ¢BSA group, Control), CRE-250+"
(MN-induced by ¢BSA and CRE-low dose treated
group, CRE-250), CRE-5007*(MN-induced by cBSA
and CRE-high dose treated group, CRE-500) 52
4702 yiro] AATS A28k 37| Freund's
complete adjuvant®} 442 0.2 mge| cBSAE 657t
& 33](3825)o AA  E7HFl(intra-peritoneal
injection) 3Tt /g2 antigenth4lol  saline s
2 o R FAbste] WASAZIA] Fokth W
3 65 SHE 4577 10 mg/kee] cBSAE AATS
AQgh 3ute] wid HAF Folste] A &A o0 E MNS
fFaete FAlo, CRE-2507ol & #id 250 mg/kgE,
CRE-5009l = #58 500 mg/kgs v A+ Fofs)
of MNof|l tfgh ditio] x5 35 AZsAh 45

ato] g zHHo}%lB} 29 E HAANA
blood, kidney, spleen sample 5= 713} 4]0
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o} AFE =Aste] A=Hze BEsiynh
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8) Enzyme-linked immuno-sorbent assay

Ao HolZF2Ed(immunoglobulin, Ig)¥} cytokines?]
48 98 27] IgA, IgM, IgGet IL-6, TNF-a=
ELISAZ #4389 t}h AF8-% antibody® goat anti-
mouse IgA, IgM, rat anti-mouse IL-6, rabbit anti-
mouse TNF-a 5°]%it}l o] antibodyZ coating @t
96-well plated] 50 o] A& w8kl 247 &
oF Aeoa "3 & washing solution® & 33
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o4 ODE FAste] I3 f dild=-s Aaketaich
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AAAIZ] T, A B4 Eof] 2 & 59 washing
Atk olo] 70%, 95%, 100%2] ethanol seriesol] &
o= w7} dehydration A17]al, xylened] 1#7+
WA 7A QFAEAIZ] & mounting solutions 27
1L cover glass® ZEfo]l=5 FUsta FskE A
(Labophot-2, Nikon, Japan)2.= 40082] sjE&oA %=
2 s B9

& 52t washing 3+ ¥, eosin®ll 1:#3+ &7} cytoplasm
o
=

10) A=-ded w2

3% glutaldehyde®l fixing® kidney tissueE Carson-
Milonig’s solution®. & washing 3+ - 1% aqueous
osmium tetroxide® 22} 2AA|Z] TS, alcohol series
=2 dehydration?] 7], Epon resingd] H7} 3],
diamond knivesZ ultrathin sectione 3k ¥ uranyl
acetate®} lead citrate® double staining= A =331
o} #H)E tissue AAFE R Z(JEM-1010, Jeol, Japan)
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Fig. 1. Effects of CRE on the body weight in cBSA-
induced membranous nephropathy mouse

Data represent mean*standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, ip) group.
CRE-250 : treated with cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.
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Fig. 2. Effects of CRE on index of 24hrs proteinuria in
cBSA-induced membranous nephropathy mouse

0 : Trace or negative.

1:0.30 g/L or 30 mg/de.

2 :1.0 g/L or 100 mg/dX.

3 :3.0 g/L or 300 mg/dl.

4 > 200 g/L or = 200 mg/de.
Data represent meantstandard deviation.
Normal : non-treated group.
Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract(250 mg/kg, p.o) group.
CRE-500 : treated with cBSA (10 mgkg, ip) and CR
extract(500 mg/ke, p.o) group.
Statistical significance *** @ p < 0.001 vs. Control.
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o] 7143813, CRE-25079ll 4= 2614063 g/df, CRE-
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Fig. 3. Effects of CRE on serum albumin level in
¢cBSA-induced membranous nephropathy mouse

Data represent mean+standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.

g4 F total cholesterol % AATOlAME
98.14+11.28 mg/de 3L, =l A= 124.83+27.04
mg/d0E el vlste] F7het o, CRE-250+
A= 95602066 mg/dl, CRE-500T-°1A= 89.00+

2268 mg/dl= B x| vlste] i o

o3 U ek(Fig. 4).
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Fig. 4. Effects of CRE on serum cholesterol level in
¢cBSA-induced membranous nephropathy mouse

Data represent mean*standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, ip) group.
CRE-250 : treated with cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.

g4 F triglyceride &5+ BTl A= 3743+
9.68 mg/de L, thZtoll A= 73.80£10.89 mg/de= A
Zdtoll wlske] F7hekelal, CRE-250-91 4+ 36.80+
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Fig. 5. Effects of CRE on serum TG level in cBSA-
induced membranous nephropathy mouse

Data represent mean*standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with ¢BSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.

Statistical significance * @ p < 0.05, ** : p < 001 vs. Control.
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Fig. 6. Effects of CRE on serum creatinine level in
cBSA-induced membranous nephropathy mouse

Data represent meanzstandard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/ke, p.o) group.

CRE-500 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.

490 mg/dl (p < 0.05), CRE-5007°] 4867+11.86 mg/dl
(p <0012 EF gjzato vjste] o4 UA i
st th(Fig. 5).

dA F creatinine == AT AE 0.6540.04
mg/M R T, ETNAM = 0624019 mg/dlz Aol 1]
slo] Zasier, CRE-25079AE 0.69+0.08 mg/dl,
CRE-500ol 4= 0.83+0.14 mg/de= E5F thza3}
]JJ—C’]'Oi *‘7]' ]’/\1\—-"]’ ‘IT—']’%]S u/\?iE]'(Flg 6)

4 5 BUN 3%+ AAollA+ 29.33+341 mg/de
A, ETANAME 36731563 mg/dlE Aol vlsle
7kt e, CRE-2507 9l A& 25.74+4.88 mg/dd,
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Fig. 7. Effects of CRE on serum BUN level in ¢cBSA-

induced membranous nephropathy mouse

Data represent mean*standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with cBSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.

CRE-500o A= 31984586 mg/dl= Btz
Hlgte] skl ot ol fljltkFig. 7).

4. EH |gG, IgM, IgAoll o|x|= F&k
84 2 IgG 55 AT E 16344234 g/
deqa ﬂlz%ﬂﬂit 2014499 pg/diz AFato] 1)

s} %—7}0}2‘;@%, CRE-2500| A= 165+7.2 pg/de
(p < 0.001) CRE-500:-o1 A& 1655+133 pg/dl (p <
000DE BT )zl njsled 594 A 7Asint

(Fig. 9.
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o

Normal Control

Fig. 8. Effects of CRE on serum 1gG level in
¢BSA-induced membranous nephropathy mouse

Data represent mean+standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with ¢cBSA (10 mg/kg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with ¢cBSA (10 mg/kg, ip) and CR
extract (500 mg/’kg, p.o) group.

Statistical significance ***x : p < 0.001 vs. Control.
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g4 F IgM =& o As 10224375 g/
AP, xRN E 25454651 pg/dlE Al
Hate] Z7}et5d i, CRE-250-oll A& 151.9467.6 g/
d¢ (p < 0.05)Z tiz=wrol Hlate] fFostAl 7HAak3
om CRE-500-oll A& 21944707 pg/dlE thzao)

Wstel astglont fel4e YATHFig. 9)
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Fig. 9. Effects of CRE on serum IgM level in
¢cBSA-induced membranous nephropathy mouse

Data represent mean*standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with cBSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.

Statistical significance * : p < 0.05 vs. Control.

4 F IgA 55 AATAAE 62851785 pg/
A0, RTAE 742743081 pg/dlE Aol
nste] F7hetgl e, CRE-250ol A& 516241683
1g/dl, CRE-500:-o 4+ 5111167 pg/dlE 25 of
Zro] Hlste] FHAstl ot o432 slith(Fig. 10).
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Fig. 10. Effects of CRE on serum IgA level in
¢cBSA-induced membranous nephropathy mouse

Data represent mean+standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with cBSA (10 mg/kg, ip) and CR
extract (500 mg/kg, p.o) group.

F2% Membranous Nephropathy Mouse Modeloll "[X& 43 105

5. &@d TNF-q, IL-60l| O|X|= H&t

dd T TNF-a9 shv Gdudxs 91253
pe/mAT, ETAAME 11244240 pg/ml= 3ol
Hjgte] F7ksl o, CRE-250welA& 1005+ 234
pe/ml, CRE-5007-o| A= 10944424 pg/mlZ B5F tz
ol Hlake] Aot oS gllck(Fig. 11).
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TNF— @ in Serum

Normal Control

Fig. 11. Effects of CRE on serum TNF-a level in

¢cBSA-induced membranous nephropathy mouse

Data represent mean*standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with cBSA (10 mgkg, ip) and CR
extract (500 mg/kg, p.o) group.

4 T IL6 s AT 624:358 pg/ml
A, x|l A= 1388+136 pg/ml=E g/dtol H
ato] F7kekgl on, CRE-250-ol A+ 89.1+186 pg/ml
(p < 0.01), CRE-500ell A<= 7814226 pg/mt (p <

00D EF gzt vlste] Fo4 A 7HAska
tHFig. 12).
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Normal Control CRE-250 CRE-500

Fig. 12. Effects of CRE on serum IL-6 level in ¢cBSA-

induced membranous nephropathy mouse

Data represent mean*standard deviation.

Normal : non-treated group.

Control : treated with ¢cBSA (10 mg/kg, i.p) group.
CRE-250 : treated with c¢cBSA (10 mgkg, ip) and CR
extract (250 mg/kg, p.o) group.

CRE-500 : treated with ¢cBSA (10 mg/kg, ip) and CR
extract (500 mg/kg, p.o) group.

Statistical significance ** : p < 0.01 vs. Control.
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Fig. 13. H&E staining of renal glomeruli in cBSA-
induced membranous nephropathy mouse

A. Control : treated with cBSA (10mg/kg, i.p) group.

B. CRE-250 : treated with cBSA (10mg/kg, ip) and CR
extract (250mg/ke, p.o) group.

C. CRE-500 : treated with cBSA (10mg/kg, ip) and CR
extract (500mg/ke, p.o) group.

Control  shows diffuse thickening of glomerular basement

membrane.

H&E staining : original magnification x400.
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(Fig. 14).

Fig. 14. Representative renal histopathological finding in

¢cBSA-induced membranous nephropathy mouse

A. Control : treated with ¢cBSA (10 mg/kg, i.p) group
(x17,000).

B. CRE-250 : treated with ¢cBSA (10 mg/kg, ip) and CR
extract (250 mg/kg, p.o) group (x17,000).

C. CRE-500 : treated with ¢cBSA (10 mg/kg, ip) and CR
extract (500 mg/kg, p.o) group (x25500).

Electron micrograph of control shows electron-dense

deposits of the glomerular basement membrane (GBM).
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