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Paradoxical effect of L-Arginine on nitric oxide (NO) synthesis and
histopathological changes in 5/6 nephrectomized SD rats

Toshihiko TANAKA, Takeshi NAKANISHI, Yukiko HASUIKE, Touru INOUE, Kouichi NOGUCHI, and
Yoshihiro TAKAMITSU

* Department of Kidney and Dialysis, ** Department of Anatomy and Neuroscience, Hyogo College of Medicine,

Hyogo, Japan

Whether L-Arginine(L-ARG) ameliorates or aggravates renal function and histopathological
changes in several models of renal disease remains controversial as L-ARG is the substrate for nitric oxide
(NO) synthase as well as the precursor of proline and polyamines which cause renal fibrosis. These
ambiguous results might be attributed to differences in the dose and period of L-ARG administration and
the animal model used in each observation. Therefore, we tested the dose-dependent effect of L-ARG on
mean blood pressure (MBP), 24-hour urinary excretion of protein (UP), NO metabolites (NO,”+NO;")
and cyclic GMP (cGMP), plasma asymmetrical dimethylarginine (ADMA), glomerular sclerosis index
(SI)and % interstitial fibrosis area (%INT) in 5/6 nephrectomized SD rats. These 5/6 nephrectomized SD
rats were divided into 4 groups : @ L-ARG 0.2 g/kg/day(0.2 g ARG), @ L-ARG 1 g/kg/day (lg
ARG), ® L-ARG 2 g/kg/day (2 g ARG), @ No administration of L-ARG (ARG (—)). Compared with
ARG (—)MBP, UP and ADMA were significantly decreased and NO,~+NO;~, cGMP were significantly
increased in the 0.2 g ARG. SI group and %INT were significantly increased in the 2 g ARG group and
decreased in the 0.2 gARG group. A small dose of L-ARG ameliorated glomerulosclerosis and interstitial
fibrosis while a larger dose did not. SI, %INT and ADMA were inversely correlated with NO,”+NO,™.
These data suggested that renal NO synthesis might attenuate glomerulosclerosis and interstitial fibrosis
and the rise in ADMA and L-ARG might cause the decrease in NO.
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ZOFERELT, EROHETIEZ v PO, BEEE
TR L-TVF = OBREEPHFEFCL VRS> T
Ll ¥ 2 50 b, Ashab 59 1%, 5/6 & § Sprague-
Dawley 7 v M2 0.125% L-7 V¥ = k25T 2 2 &
W X0 IR NO REBE R OMIN L & bICREH, I
FEO{ET %, Katoh 5% 1%, 5/6 & Munich-Wistar 7 v
MIZLI% L-TVF=vkz28E53 5282k, MED

BT 2HELTWws, —7, Alvaro 5%, Sprague-Daw-

ley 7y Mz 1% L-7VF=vkuEBETZZ L2 VIR
B NO (Bt =233 % & & b CIMEET T %
2, REBEEEINT % £ LY Narita 53 Thy-1 BRZ v
Mz, 1.5% L-7 V¥ =vkE28592 2 LI X DIR
EEFINT 528, MEBZELZWEREL TS,

Ut k2w, ROML-7LrF=oREDBIZHT 5
ERIZ DWW TRERN RV, £ I TERMETIE, L-7 v
F =V OB AR LICWT 2 EH O AR OB 2 RT3
5720, REREEMLETVTH S 5/6BHZ v bV IizBW»
T3IHEOL-7VF = 2AMHL, SETEYIME, K
HIRFER, IREH, B, RENORH#Y L L O
cyclic GMP (¢cGMP), [fiH¥s & R L-7 v ¥ = > %l
ET 5 EEbE, RERMAEEEL, BEORME ST 2 L-
TNF =2 ORIR 2 EBRE LTz, £72, FRIZNO &
BREESR (NOS) FEAE # fHE T 2 & &1 & D NO E4: & %K
T, BR2BFoEMECES T 3 cHEInTY
%9 [fiif asymmetrical dimethylarginine (ADMA) JE 1 % |
5E U R 217 - 72,

WEE L UFHE I

1. 5/6 BHZ v b DIERL

K EE #9180 g, 73 fin It 4 Sprague-Dawley 7 v b
(F % — RV Nx—, Tokyo, Japan) IZBWT, R FN)L
E ¥ —)b 40 mg/kg Ok HARELEL, Osaka, Japan) fREE T (i. p)
Z, ZEB#kE B, TR3IADS B, ETR2AIH
L, ’47u¥—v =) —HOFHEREHHEL, 7-0 &t
SR (MAEHLET, MAHBERITZE (BR), Tokyo, Japan) 2 T
EHEmE 2R U, &6 LEME A822ERL 5/6
BT v P RER Uz, F7z, [FARFCTE % 2SO
HEYBI L7z > v A (n=6) Z1ER L 72,

2. XBRAHE

S/6 BT v MERK % 4 BRI T, 1R L-7 v ¥
=BG M=6, LT ARG(—)FH) &L, &Y D 3HE
2 L-7 V¥ =2 02g/kg/day(n=6, LLF0.2g ARG #f),

Table 1. Controversial effects of L-ARG on renal disease
Model ARG 0w mep
ode
(%)
Ashab | et al. 5/6 NXSD  0.125 T U U
Kato T et al. 5/6 NX MW | N/A N/A !
Alvaro A et al.  Diabetic SD I L W !
Control SD | 1 1 !
Narita | et al. GN SD I.5 N/A ™ —

SD : Sprague-Dawley rats, MW : Munich-Wistar rats, GN :
glomerulonephritis, N/A : not available, NO : nitric oxide,
UP : urine protein, MBP : mean blood pressure, L-ARG : L-
arginine. L-ARG was administrated in drinking water.

1 g/kg/day(n=6, DI'F 1g ARGEf), 2g/kg/day(n=6,
PAF2g ARGER) 25 L, 12HMEEABEHRE L7z, L-7
WF =3 HICBRS -6 4g(HAZ v 7,
Osaka, Japan) (CE-2 [ :254%(7 3 / Bk 4>
L-Arg & £ 1.55¢/100g), Na:0.26% K :1.06%) 1z
BRDOFEBEA LT, KX tap water 12T HHIZEBIS
, FRIPERICEIRS N 2 L R EHE 10 FRChER L
7o Elz, Y r ABRICBWT Y ARG (—) B & ARk &k
RERSE, 12 EMEABEBREZEL 2,

3. REBEEBRLUICAIERE

E, PYIME % ERR 5016 & 08G54 2 Al
EL, [FERIC 24 IRMIOFRIR 2175 720 M IE I %
tail cuff & (F5HELER T UR-5000, Osaka, Japan)iZ X b 10
& CHIE L 2 OfcE, &IRZERW AT 2 3 [0
B2 Fviz, BRERIEARE S — v BIERHITE S L 71,
RO 24 FHNC BT 2 RZFIL 72, FRIMIZFEERBALS 12 8
M, BEEEICIT- 72,

PIRPEAREIE2—vy M RPRABE YV
7—X¥UVIEICLD, £/, MWRFERE, MFEI7 7
F = > % HEHrEE (Hitachi Model 736, Tokyo, Japan)
ZHw THIE L 7z. IR H cGMP 3 & 13 RIA 3 (Cyclic
GMP ['I] RIA KIT, Boston, USA) 12 THIE L 72,

PR NO B PIIREE I3 H K 5 O 5212 £ B anion
exchange column(Tosoh TSK-GEL IC-ANION PWXL,
Tokyo, Japan) % FJw CHEEERT 2 £ 5 HPLC iz X D #l
E L7z,

PR, IMH D L-7 )V F = > 1T Patchett & 0 J73k!
B —EZE L 72 HPLC 12 X 572, 9 7% b H ophthalal-
dehyde 12 £ D BiALE D%, #itH% 7 A (Tosoh TSK-gel
ODS 80TS, Tokyo, Japan) 2 & D fiith L, HOGHHIE % £
5 HPLC 12 & 0 & & L 7z, (Hitachi Model 7000,
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Tokyo, Japan),

M ADMA Jf % ophthalaldehyde 12 & % BijfLE %
17> 7z #, HPLC ¥ (Hitachi Model F-1080, Tokyo,
Japan) K LV EFE L7z RKETR L-7 v F = HIEHD
HIALE Y% H  mercaptoethanol Mo D 12 acetylcystein %
M7z, 1% % ethanol TEREEH L7z D BHTALER & & b
WL, 3MOKRIGE, #FH% 7 A (Sensyu  Kagaku
Pegasil ODS, Tokyo, Japan) |2 & V438 UEE L 72,

4. REFRBES L UEBEMRENAIE

AT G 120 HBIK, SFks & B Ic
= a2 —V (PES50 : Beckton Dickinson Co, New Jersey,
USA) A L7z, SHEHIRA 7—7 V& D 0.6 W/V%A X
1) > (Laevosan-Gesellschart M. B. H Linz, Austria) 3 & %
008 W/V%xZ 7 3/ [GIRIEY — 5 (8 — 83, Tokyo,
Japan) % AR AHK L REFMEEE 111 TRE L2 BRIC
WL, 3ml/hr T80 SRR EA L7z, £ DA
16 40 531212 0.6 ml EHBIR Y 7 — 7 LV X D ERIML, FFE%
TRAZIMENC & D ffiv, BRIREFIIA L 72, RIC 40 SO
PR¥&ET 12, SHEIIR & D ERIM AT > 7zo MIKE & ORY > 7
Vi IM EHESRIRIC & D BREE 21TV, DUFOHIE It L
Too MHBLVRFA XY VRERT > A8 VEDICE
D, iz, RXT7 I BIRIRIRE % B MR E
F v b (RS, Osaka, Japan) Z W CHIEL, %
no7 )77 v Al % B ERE THIE L RERAMERES L O
B IR %KD 7z,

5. SKRERMARE(LIEE, RMIBERMLLLFEDRIE

707 7 v AFHEID Tz  OEIM, FRERINERL, 7%
FEEZRYE LRV YEE L, EELZED3IX
10-*m Y] %2 {ERK, periodic acid Shiff Zxfaf%, SLBRk{A %
S FBEBER 400 512 THBIZE L 7o SRERIEKIT Raji 5D
EYWHE L, AREBREBRO LW 2 AFIECE—0 7
VT — b ED 50O REKE 2 BEAORE I LD, fEL
DRV D% 0, BYLORRED 25 BLUTD D% | &
25~50%D b D x 2 E, 50~T5%D b D% I, T5%LLE
DbD% 4EESFHLTHIEL, Z OEE % KB
LR E(S) & U 7z, B OREHEAL X, B YR % Massons’
trichrome Zetaif%, EHHME % A BEMET 400 512 THHZE L,
G251 (Ibas System, Carl Zeiss Co, Germany) % Fj
WIRERIR, RIMAE 2B < HHR L -THE = 20 HEFIC B »
THIE L, ZOVEE %= BEMMEEE E L, RIZKREK
&, KIME % Ek < MEBHCRIE O2RE I 2 a2
BERHEILEESR (BINT) & L7z,

Table 2. Body weight and daily urine volume before
and after 12 weeks treatment
Body weight (g) Urine volume (m!/day)
Before After Before After
ARG (—) 195+ 13 337*4 32.4%x1.6 30.3%2.1
0.2 g ARG 200£13  349%5 30.7%£1.9 24.6%1.4*
| g ARG 183+12 351*+14 33.0+2.4 29.5*+2.0
2 g ARG 18617 354%7 32.1%£1.7 35.9%2.|*
SHAM 233t16 352%6 14.7£1.6 21.5%0.7

* significantly different from 5/6 NX (p<0.05),
** significantly different from 0.2 g ARG (p<0.05)
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Effects of L-arginine administration on mean
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Fig. 1.
blood pressure in remnant kidney rats (12
weeks)

Values are means=* SE of 6,6,6,6 and 6 rats in groups 5/6

NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.

* p<0.05, ** p<0.0l, significantly different.

6. WEHETE

B o Hhisg 13 Stat View (Verd.0, Abacus Concepts, Ca,
USA) % Fv», Bonferroni @ /12 X D 2% &E T % 17\
p<0.05 ZHEEE LTz, $XRTOMEHIX, 5/6 BfiL 728
MO THE 2TV, ¥y AE2SRE L L,

w R

1) #EB X UREDOEL

fREIF L-7 V¥ = B GEHA 0580 & 1238 & TR
ICHIINU 7248, @BICEEERA S N> Tz, KERRE
WRI12EBOREIC DO W TIE, ARG(—)F L 02g
ARGHEICBWTHEDETZ, 2g ARGHICEWLWTHE
DI %EZED 7z (Table 2),
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Fig.2. Effects of L-arginine administration on urine

protein in remnant kidney rats (12 weeks)
Values are means = SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.
* p<0.05, ** p<0.0l, significantly different.

% k%
ke, |
~
6 k% *
E 6 | ”
2
[}
O
<
4V
O
P4
L
<
o
o
ARG(-) 0.2gARG 1gARG 2gARG SHAM
Fig. 4. Effects of L-arginine administration on urine

NO, +NO," in remnant kidney rats (12
weeks)
Values are means =+ SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.
* p<0.05, ** p<0.0l, significantly different.

2) IE, REAES X ORPIREERYHE

FERBELE 12 BB ONIIMEIZ DWW T, ARG(—)EEIC
HL 022 ARG, 1 g ARG BECIMFITEZICEF L
7, 2g ARGHTIHERELREMIIA Sk Tz (Fig 1),

¥/, |HREHAHEICODW T, ARG(—)EICH L
02g ARGHICBWITHRRBA %, 2g ARGHTIFAR
WM EE D, 1g ARGIETRBAERELZZLZED
o7z (Fig. 2),

FERBHMA 12 880 1| HIRFIREERPEEIC OV T,
ARG(—)HEICHL 2 ARGHE TR ERE LM INEZ#A D 72

600 | |
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°~ARG() 0.2gARG 1gARG 2gARG SHAM

Fig. 3. Effects of L-arginine administration on urine
urea nitrogen in remnant kidney rats (12
weeks)

Values are means=* SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, 2 g ARG, and SHAM respectively.

* p<0.05, ** p<0.0l, significantly different.
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Fig.5. Effects of L-arginine administration on urine

¢GMP in remnant kidney rats (12 weeks)
Values are means=* SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.
* p<0.05, ** p<0.0l, significantly different.

2, OB TIIERE ZZEITRD Lo -7 (Fig 3),

3) PR NO EYHEI R 5 X O cGMP HEiftt 5t

FERBAA 12 85 O FRp NO REFE R I1X, ARG(—)
BEICEEL 02 g ARG BECHEIWCHEIMU 7223 1 g ARG B, 2
g ARGHTRAEREOEEASNE P>, 022 ARG
O TIX 1g ARGE, 22 ARGEEICBWIELE
BRET 25807z (Fig. 4),

SZERBALS 12 8% D 0.2 g ARG EED JE g cGMP HE it &
1, ARG(—)HB L0 2g ARG BEL HllE L CHEE 2R
ROz, B, 02g ARG HZERL 3HMEICEEZIZE
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Table 3. Effects of L-arginine on kindney weight and renal function
in remnant kidney rats (12 weeks)
KW GFR RPF BUN CRN
ARG(—) |.70+£0.08 349+46 1,221 £119 38.2+0.9 |.07+0.03
0.2g ARG |.58%+0.13 510£55* |,887*159* 31.3+1.9* 0.85+0.06*
| g ARG .85+£0.18 337£69** 9l = 141*** 38.7x1.5** 0.97%0.09
2 g ARG [.98£0.03** 306£6!** 852 [47*** 42.3k3.1*** |.15%£0.02%**
SHAM 1.27£0.03 714x24 2,527£396 17.8%£1.2 0.46*+0.02
Abbreviations : KW : kidney weight (g), GFR : glomerular filtration rate (w//min/g
kidney wt), RPF : renal plasma flow (u//min/g kidney wt), BUN : blood urea nitrogen
(mg/dl), CRN : creatinine (mg/dl). * significantly different from 5/6 NX (p<0.05),
** significantly different from 0.2 g ARG (p<0.05), *** significantly different from
0.2g ARG (p<0.01)
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Fig. 6. Effects of L-arginine administration on the
Fig.7. Effects of L-arginine on %interstitial fibrosis

sclerosis index in remnant kidney rats (12
weeks)
Values are means=* SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.
* p<0.05, ** p<0.0l, significantly different.

o7z (Fig. 5),

4) BEEB X UBHE

BB ERIT ARG(—) B L 02 ¢ ARG BECIE T{HE
BIRA SN NEEEZ o7z, 1g ARGE, 22 ARG
TIECEEIIEA 720 & Nlz, 0.2 g ARG Bzt s %
£ 1g ARGH¥, 2¢ ARG HEMEETHEIMNL, 12 2g ARG
HCAERLENERD -,

FERFALE 12 B HIE U7 RER R, B
12 ARG (—)BEICH L 02 g ARG Bl B W CH = N
L, MWRFER, M7 v 7 7=V 3ERICET L,
2g ARG FETIZ ARG (—) FRICEHL U SRERIAUEMEE, B M
MEOET B L CMEIRFEER, M7V 7 5= L5H
DFRH 51 0.2 g ARG F £ 13 DFEHE % 7R L 7z (Table 3),

area in remnant kidney rats (12 weeks)
Values are means = SE of 5,5,5,5 and 5 rats in groups 5/6
NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.

k%

p<0.0l, significantly different.

5)  SRERARE LIRS (SI) B X URIERHE LR
(% INT)

FERBHLR 12 712 5 T SI B & U%INT |3 ARG(—)
PECHL, 022 ARGEICBWITHEERBY 23Dz, L
L, 1g ARGHE 2g ARG BB CI3EML, Fic2g
ARG FECIFEEREMNEZR D 72 (Fig. 6, 7),

6) IMHBIVRFOL-7 V¥ =ik

ARG 12 8% HE Lz & R o L-7 v ¥
= VEEIX ARG(—)EIcHL, 02g ARGHTREEZ
W7o 72h%, 1g ARG, 2g ARG lifETCIIR L A=t
=Dz (Fig. 8, 9),

7) i ADMA jps

FERBALS 12 8% HE L7z ADMA 2 13 ARG
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Fig.8. Serum L-arginine concentration in remnant

kidney rats (12 weeks)
Values are means = SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.
* p<0.05, ** p<0.0l, significantly different.
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Fig. 10. Effects of L-arginine administration on

plasma ADMA in remnant kidney rats (12
weeks)
Values are means =+ SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, | g ARG, 2 g ARG, and SHAM respectively.
* p<0.05, ** p<0.0l, significantly different.

(=)BRICHL, 02g ARGEFCIIARARET 2RO, %
7z, 02g ARGEZH L 1 g ARG B, 2g ARG BEMEET
EE2 GRS EZRD 72 (Fig. 10),

8) YxATw bhES/O6BHT Y b DL

Vv ABETHRIBROMRE 21T 5 7228, fEROME & Rk
I 5/6 BRFETIX Y ¥ 2B L LR NO (R DK T,
PREHOEME X CIMED LH %2757 & &bz, SKERAEmE
{bk & OTE AL D IEHE 2 FR Jo 24519,

10
> ®k
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Fig. 9. Effects of L-arginine administration on urine

L-arginine in remnant kidney rats (12
weeks)

Values are means = SE of 6,6,6,6 and 6 rats in groups 5/6
NX, 0.2 g ARG, 2 g ARG, | g ARG, and SHAM respectively.
* p<0.05, ** p<0.0l, significantly different.

z =

WHDZ L DR TIE L-7 )V F =213 NO B OHH
rEf, L-7 ¥z o512 k5 NO AR B
U CHRENICIERT 2 LW FEZB— RN TH> 720,
Table 1 TR T I ICBEEEETT LV TOELD L-7 V¥
=SV OREILT LA —E TR BV, ZHFT Y bR,
BehE, BEETTAOEVEEDIE, L-7AF=0n
NO FEALISMCH K ORBAREBET 27 0ICEL D EF X
5, $&bb, L-7VF =V idEANICE W TR
BIUEADZEEK S THSI1E», vy, KV7 3
¥, JVT TV, TIRF VIR ENOERY, REVA T
NOHREE L THFTORBERIC» D272 E, 4EO
YERBICEELRE 2RI LTBY, % 05HEEE
LT, BERVEY, A YAV Yy, ThhTr, WK
BATOA KRR EDRIVEVFEEICHG S5 Z LhHsn
TWw3Y, Z Z TR T, REREB{EE TV TH S
S5/6B Ty bizBWT, 3HE02 1, 2g/kg/day) D
L-7 V¥ =r 5L, &F4T CPHIME, RAPRE
2R, REH, BHEGE R NOREY, R cGMP HE
W&, Rk kO L-7 v ¥ =, Ifif ADMA & &
HIRERAEET, EIE O ERIE L, SEREELE T
VTOD L-7 )V ¥ = > O FHRKIEEShR 2 5T L7z,

LIRTOWZeD % < 1k, L-7 V¥ = 0EG5ki3iok
WL, HESRAKSE WS, LrL Z0R5ETIE,
BRDZy MG END L-7 VX = ORICENET



760 L-ARG 0iligiffg i Feffere s

TV LHREED D 5720, AR TIEZ v b 2—PLd Dl
MUy —YTHEBEL, 1HIZT Yy M HERICERTE %
R 14gFIC3HED L- 7V F =V ZRALEBRESE 2
2k, BHHEEC—EEOL-7VvF=%F v b
WERT 3R>, 2L T, SRV L-7 V¥
=B EREMOFIEEDOZ R IR T 220 | HEUKEZ
30 m/ (FAEEBIC B 2 | HEOKE) EIRET % &,
02g ARG #, 1g ARG, 2g ARG #El3%% 0.12%, 0.58
%, 1.16% L-7 V¥ = #HE5IHYET 2 LHE 2z o5,
AEREICATT SN L-7 VX =V IFRES A 7 VIZA
2k, TVWEF—XIZX O BRSNIRFEREEL, ZOK
An=Fv, yIv)orNefi@sns, —% NO ZE
A9 2RI NOGHEEHR(NOS)IZL Y NO & pv ) >
DER I N2, SEOEAETIE ARG(—)FICHL 2¢
ARG #T | HIRFIRFEFRPRME IIER ML, MK
IREZEFZ BN EZRO Lo, —H, 022 ARGEHTIX
MPEREFEERIERCETL, | HRPREZEZTHE
B D R Do, TDZEXY, REF A7 VE2AL
T L-7AE=ZCONEIZ02g ARGETIFLEALERD S
NEVDOIHLT, 2g ARGHTREEICKRTHS Z &
DR S Nz,
SEIOKRIIZHBWT 02 g ARG BETIE, ARG(—)EIC
HUREHZETSE2 L b ICRTNORBY S L O
FRH cGMP Z BN S &, SRBERERBLSE DR L X
UEHRELUGE T 2FHZRD, #Mic2g ARG ETII,
ARG (—)BEICHLLIREEEIIL, R NO RE#Y B &
UIRT cGMP O FEZ FRIZFED 6 1y, REEBLD
M DML S X OBHAEIZ BT 2 2 LS E 5
720

e s 2B EOIME O _FF I RERAEE MR 25| 2 2
L, ZOREEREREB 2 (eI 29, 5/6 BT TV
TOL-7NF=UEEROMECOVWTIFETT S &3
BN {2, ZOMFELTL-7 v F=vE5IC X
DEA ST NO 25 cGMP 28 & &, MEILR 25| X
BT LI VIMERZETIELEHFEZONTWSE,
L2 L, Albaro &3 Sprague-Dawley 7 v M ZBWT 1%
L-7VF =V KROBEIC XLV IMEDOEIZA S N>
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