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Abstract

　　　We　analyzed　the　free　radical　reaction　in　the　body　in　yiγo　under　the　conditions　ofrenal　failure，using　an　Lband

electron　spin　resonance　apparatus．In　rats　with　adenine－induced　renal　failure，the　attenuation　velocity　of3－carbamoy1－

2，2，5，5－tetramethylpyrrolidine－N－oxyl　was　lowered　in　comparison　with　normal　rats，indicating　that　they　were　in　a　state

ofaugmented　oxidation。In　contrast，the　attenuation　velocity　was　higher　in　rats　given　Wen－Pi－Tang，showing　a　shift

toward　reduction．In　the　kidney　ofrats　given　Wen－Pi－Tang，we　also　found　that　a　significant　decrease　in　glutathione

disulfide（GSSG）1evel　caused　an　increase　in　the　glutathione／GSSG　ratio．In　addition，there　were　significant　reduc．

tigns　of　increased　thiobarbituric　acid－reactive　substance　level　and　decreased　superoxide　dismutase　and　increased

glutathione　peroxidase　activities，suggesting　a　decreased　hydrogen　peroxide　production，which　presumably　drove　the

glutathione　redox　cycle　toward　reduction．The　results　ofthe　present　study　suggest　the　possibility　that　Wen－Pi－Tang

exerts　an　antioxidant　effect　through　regulation　of　the　redox　cycle．

Key　words in　vivo　ESR，free　radical，glutathione　redox　cycle，Wen－Pi－Tang．

lntroαuction

　　　　Free　radicals　including　active　oxygen　species　are

produced　inside　and　outside　the　living　body，affecting

various　biological　functions．Their　relation　with　aging，

which　is　critical　for　longevity，and　with　various　inflam－

matory　diseases，carcinogenesis，and　intractable　diseases

attracted　much　attention．1－3）The　true　entity　of　fヤee　radi－

cals　is　difficult　to　understand　because　they　generally

have　short　half－lives．　However，in　vivo　evaluation　of

free　radical　reactions　in　the　body　has　been　attempted　in

recentyears．4）

　　　　Living　organisms　have　effective　defense　mecha－

nisms　to　protect　themselves　from　attacks　by　active　oxy－

gen　or　other　free　radicals　and　the　resultant　disorders　and

diseases．5－7）　However，if　there　is　excessive　oxidative

stress，it　may　be　beyond　the　capability　of　the　defense

mechanisms，and　then　the　role　of　antioxidants　assumes

greater　importance．For　these　reasons，antioxidants　are

of　great　interest，with　particular　attention　focused　on　the

search　for　natural　antioxidants．

　　　　Oriental　medicines　are　known　to　contain　many　anti．

oxidants　of　various　types，and　the　elucidation　of　their　ef－

fects　in　relation　to　the　involvement　of　active　oxygen　in

various　diseases，including　lipid　peroxidation，has　pro－

gressed．8）Wen－Pi－Tang　is　an　Oriental　medical　prescrip－

tion　that　has　empirically　been　used　in　China　for　the

treatment　of　chronic　renal　failure．We　have　previously

studied　the　effects　ofthis　medical　prescription　in　various

renal　failure　models．9－ll）Among　such　models，our　ade－

nine－induced　renal　failure　model　most　closely　resembles

human　chronic　renal　failure，and　it　is　characterized　by　a

higher　production　of　the　strongest　nephrotoxic　agent

methylguanidine（MG）in　comparison　with　othercurrently

available　renal　failure　models．We　have　demonstrated

that　MG　is　produced　from　creatinine　in　the　presence　of

hydroxyl　radica1（●OH）through　creatol　v’αcreatone　A

and　creatone　B．12－14）We　have　also　found　by　measure－

ment　using　X－band　electron　spin　resonance（ESR）that

＊To　whom　correspondence　should　be　addressed。 e－mai！ yokozawa＠ms．toyama－mpu．acjp
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the　peak　representing5，5－dimethyl－1－pyrrohne－N－oxide

is　markedly　elevated　in　rats　with　adenine－induced　renal

failure，15）and　this　is　accompaniedby　a　marked　increase　in

・OH－adducted8－hydroxydeoxyguanosine．16）　This　nnd－

ing　suggests　that　active　oxygen　is　increased　in　chronic

renal　failure，accelerating　the　aggravation　of　the　patho－

10gical　condition．On　the　other　hand，some　reports　have

provided　data　against　the　involvement　offfee　radicals，17）

so　that　no　consensus　has　yet　been　reached．This　discrep－

ancy　seems　to　be　derived　fヤom　the　fact　that　many　studies

drew　inferences　about　the　comphcated　ffee　radical　reac－

tion　in　the　body　from　their’n　v’∫ro　effects　and　the　effbcts

of　antioxidants．

　　　　To　investigate　this　issue，we　canied　out　a　reakime

observation　of　the　free　radical　reaction　in　the　body　under

the　conditions　ofrenal　failure，using’n　vivo　ESR，and　ex－

amined　redox　control　by　glutathione．In　addition，we　ad．

ministeredWen－Pi－Tang　to　rats　who　were　inanenhanced

oxidative　condition，and　evaluated　its　usefulness　in　their

treatment．

Materials　and　Methoαs

　　　　W2n－Pl－7ηn8：The　composition　of　Wen－Pi－Tang

used　in　this　study　was15g　Rhei　Rhizoma（1～h6μn2

痂dnα1εBAILLoN），3g　Ginseng　Radix（Pαnαx　gins8ng

C。A．MEYER），9g　Aconiti　Tuber（Acon伽ンnノ¢ρon∫c麗η2

THuNBERG），3g　Zingiberis　Rhizoma（Z’n8めεr岨c∫nα18

RoscoE）and5g　Glycyrrhizae　Radix（（｝1yoッrrhi之α81αわrα

LINN．var．81αn4配1塘rαREGEL　et　HERDER）．　Ginseng

Radix　was　produced　in　Korea，Aconiti　Tuber　was丘om

Japan　and　all　other　ingredients　were　from　China．As　de－

scdbed　previously，18）an　extract　was　obtained　by　boiling

the　above　cmde　drugs　gently　in1，000ml　water　for65

min．This　yielded　approximately500ml　of　decoction，

which　was　then　concentrated　under　reduced　pressure　to

leave　a　brown　residue　with　a　yield　of　about30％，by

weight，of　the　original　preparation．

　　　　Ani〃3α1舵α耽εn∫αn吻配αn峨傭∫onわyごnv∫voESR：

All　experimental　studies　using　animals　were　conducted

in　accordance　with“Recommendations　on　the　Establishment

of　Animal　Experimental　Guidelines”approved　at　the

Toyama　Medical　and　Phamaceutical　University．Male

rats　ofthe　Wistar　strain，with　abody　weight　of200－210

9，were　kept　in　an　animal　room　at　an　ambient　tempera－

ture　of24±　10C　under　a12－h　dark－light　cycle．They

were　allowed　an　adaptation　penod　of　several　days，dur－

ing　which　they　were　fbd　on　a　commercial　feed（type

CE－2，CLEA　Japan　Inc．，Tokyo，Japan）．They　were　then

fbdα41∫わ〃配〃20n　an18％casein　diet　containing　O。75％

adenine，which　produced　the　experimental　renal　failure．

In　rats　with　renal　failure　induced　by　adenine，it　has

been　con負med　previously，both　histologically　and

bioche血cally，that　the　renal　failure　progresses　as　the

peliod　of　adenine－fbeding　is　prolonged．19）Dudng　the

adenine－fbeding　pehod，an　aqueous　solution　ofWen－Pi－

Tang　extract　was　dissolved　in　water，and　given　to　rats

orally　every　day　as　dhnking　water．　The　dose　was

a（噸usted　to100mg／kg　body　weightlday　by　regulating　the

concentration　in　relation　to　water　consumption．Control

rats　were　given　a　corresponding　amount　of　water．

T㎞90ughout　the　experimental　period，there　were　no　sta－

tistically　significant　differences　between　the　controls　and

rats　treated　with　extract　as　regards　changes　in　body

weight．The　food　intake　of　each　rat　was　essentially　pro－

portional　to　its　weight　change，and　no　case　of　dia1Thoeal

symptoms　was　found．Six　rats　were　used　for　each　ex－

perimental　group．After20consecutive　days　of　admini－

stration，　rats　were　anesthetized　by　intraperitoneal

administration　of50mg／kg　body　weight　of　sodium　pen－

tobarbital．3－Carbamoyl－2，2，5，5－tetramethylpymlidine－

N－oxyl（C－PROXYL）100nmoVkg　body　weight　was

injected　into　the　caudal　vein，and　the　attenuation　velocity

ofC－PROXYL　in　the　su1Toundings　ofthe　kidney　was　de－

temined　using　an　L－band　ESR　apparatus（ES－LLBA2，

JEOL）．The　conditions　of　ESR　measurement　were　as

follows：microwavepower，4mW；centerfield，10．8mT；

field　modulation　width，1mT；sweep　time，1minl　re－

ceivergain，x5001timeconstant，0．3sec．Measurements

were　canied　out　atroom　temperature。The　peakintensity

was　detemined　four　times　at30－sec　intervals，「and　the

mean　value　ofthe　measurements　was　analyzed　using　the

compartment　model　concept。The　elimination　rate　con－

stant（k）and　the　elimination　half－lifb（tl12）were　also　ca1－

culated．The　ehmination　rate　constant　was　obtained

from　the　gradient　of　the　regression　line　of　phaseα，after

plotting　time　on　the　X　axis　and　the　natural　logarithm　of

the　peak　intensity　on　the　Y　axis，while　the　elimination

half－hfb　was　calculated　ffom　the　equation　tl／2＝In2／k．

Afterwards　blood　samples　were　obtained　by　cardiac

puncture，and　the　serum　was　separated　immediately　by

centdfugation．The　kidney　was　subsequently　extirpated

㎞』一
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ffom　each　rat，and　immediately　ffozen　in　hquid　nitrogen。

The　tissue　was　kept　at－80℃until　analysis．

　　　　σ1配左πhionε‘θS刀りζzn48・」麗此πhion64is麗鯵4ε‘G33（｝、）

αssαys：According　to　the　method　ofFloreani8∫α1．，20）the

tissue（about250mg）was　homogenized　in　l　ml　of25％

metaphosphoric　acid　plus3。75ml　of　O．1M　sodium

phosphate－5mM　EDTA　buffer（pH8．0），and　then　centri－

fhgedat105，000xgfbr30minat40C．Thedetemina．

tionofGSHandGSSGinthesupematantwaspe㎡omed
by　the　method　of　Hissin　and　Hilf，21）using　o－phthalalde－

hyde　as　the　fluorescent　reagent．

　　　　Enzy’n8αssαys：The　tissue　was　homogenized　with

a9－fold　volume　of　ice－cold　physiological　saline，and　the

activities　of　enzymes　in　the　homogenate　were　deter－

mined．The　activity　of　superoxide　dismutase（SOD）was

measured　according　to　the　nitrous　acid　method　described

by　Elstner　and　Heupel22）and　Oyanagui，23）based　on　inhi－

bition　of　nitrite　formation　ffom　hydroxylamine　in　the

presence　of　superoxide（Oプ）generators．　Catalase　activ－

ity　was　measured　by　following　the　decomposition　of　hy－

drogen　peroxide（H202）directly　by　the　decrease　in

extinction　at240nm．The　difference　in　extinction（△

E240）per　unit　time　was　then　used　as　a　measure　of

catalase　activity．24）Glutathione　peroxidase（GSH－Px）

activity　was　obtained　by　colorimetry　with2－nitro－5－

thiobenzoic　acid，a　compound　produced　through　the

reaction　between　glutathione　and5，5’一dithiobis（2－nitro－

benz・icacid）．25）

　　　　D8∫8朋どnα∫∫ons｛ゾ∫h∫o加rわi伽ricαc∫4（TBA）一78ααどvε

s麗わs孟αncε：TBA－reactive　substance　in　semm　was　meas－

uredusingthemeth・d・fNait・andYamanaka，26）and

that　in　kidney　tissue　was　assayed　according　to　the

method　ofUchiyama　and　Mihara．27）

　　　　D8∫8碗n伽n卿ro∫εln：Protein　was　detemined

by　the　method　of　Itzhaki　and　G皿28）with　bovine　semm

albumin　as　a　standard．

　　　　S嬬’s護ics：Values　are　presented　as　the　mean±S．E

Differences　among　the　groups　were　analyzed　by　Dun－

nett’s　test．Significance　was　accepted　atρ＜0．05．

Results

Th8ε1枷’nα∫’on　r躍6ρプC－PRoxyL

　　　　Table　I　shows　the　results　of　the　spin　clearance　rate

constant（k）and　half－life（t1！2）of　C．PROXYL．The　k

value　innomalrats　was2．48x10－3se♂，butthe　ade－

nine－fed　control　rats　showed　a　decreased　k　value　as　com－

pared　with　the　nomal　rats．However，the　oral

administration　ofWen－Pi－Tang　extract　caused　a　signifi－

cant　increase　of　the　k　value．As　a　consequence，the　tl12

value　was　markedly　increased　in　adenine－fed　control

rats．When　adenine－fed　rats　were　treated　with　Wen－Pi－

Tang　extract，significant　reversal　effects　were　observed．

Typical　clearance　curves　of　the3groups　are　shown　in

Fig．1．The　decrease　of　C－PROXYL　in　the3groups　a1－

most　approximated　an　exponential　function，although　the

Table　I　Spin　clearance　rate　constant　and　half－life　of　C－PROXYL　in　normal

rats　and　adenine－fed　rats　wlth　and　wlthout　Wen－Pi－Tang　administration．

Group
　k

（seσ1）

t112

（sec）

No㎜al　rats

Adenine－fed　rats

　Control

　Wen－Pi－Tang　extract

2．48×103±6．29×10ロ5

1．96×10－3±1．50×10願4a

2．40×10’3±1．70×10臨4b

280．6±7．4

361．3±25．5a

294．9±21．6b

Statistical　significance：ap＜0．001vs．normal　rats，bρ＜0．01vs．adenine－fed　control　rats．

Table　II　Glutathione　levels　and　GSH／GSSG　ratio　in　kidney　of　normal　rats　and

　　　　　adenine－fed　rats　with　and　without　Wen－Pi－Tang　administration。

Group
　　　　GSH

（μmol／g　kidney）

　　　GSSG
（μmol／g　kidney） GSH／GSSG

Normal　rats

Adenine－fed　rats

　Control

　Wen－Pi－Tang　extract

0．929±0．045

1、163ニヒ0．Ol8a

1．211±0．026a

0．157±0．003

0．171±0．003a

O．158±0．0026b

5．94±0．28

6．81±0．oga

7．65±0．15a’b

Statistical　significance：ap＜0．001v5．normal　rats，bρ＜0．001vs．adenine－fed　control　rats．
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Fig．1Signal　intensity　measured　byごn　v’vo　ESR　in　nomlal　rats　and　ade－

　nine－fed　rats　with　and　without　Wen－Pi－Tang　administration　after　in－

　travenous　injection　of　C－PROXYL．○，Normal　ratl■，adenine－fed

　control　ratl▲，adenine－fed　rats　with　Wen－Pi－Tang　administration．

rate　of　decrease　was　smaller　in　adenine－fed　control　rats．

Gl配10∫hion8r840x6yclεin∫hεんi4nεy

　　　　As　shown　in　Table　II，the　levels　of　GSH　and　GSSG

were　significantly　elevated　in　adenine－fed　control　rats，

being　about25％ofthe　normal　value　for　the　former，and

9％for　the　latter．In　addition，the　GSH／GSSG　ratio　was

increased　from5．94to6．8L　In　contrast，administration

ofWen－Pi－Tang　extractefficiently　suppressedthe　oxida－

tion　of　GSH　in　renal　failure　rats．The　level　of　the　oxi－

dizedfom，GSSG，was　decreased，andthe　GSHIGSSG

ratio　in　adenine－fed　rats　given　Wen－Pi－Tang　extract　was

elevated　by12％as　compared　with　that　in　adenine－fed

rats　without　extract．

　　　　Detection　of　the　related　enzyme　activities　showed

significant　decreases　in　both　SOD　and　catalase　in　the

kidney　ffom　adenine－induced　renal　failure　rats，while　a

significant　increase　in　the　activity　of　GSH－Px　was　ob－

served，as　shown　in　Table　III．The　administration　of

Wen－Pi－Tang　extract　significantly　decreased　the　de－

creased　SOD　and　attenuated　the　increased　GSH－Px　ac－

tivities．The　SOD　activity　decreased　ffom　a　mean　value

of15．45U／mg　protein　to12．74U／mg　protein，and　GSH．

Px　from301．1to257。1U／mg　protein．In　contrast　to

these　enzymes，the　alteration　of　catalase　activity　by　the

Wen－Pi－Tang　administration　was　less　marked，and　was

not　statistically　significant。

TBA－76α6πv6s配わs∫αnc8’n∫h8s8rμ〃2αn4ん∫4n6y

　　　　In　comparison　with　normal　rats，the　level　of　TBA－

reactive　substance　was　significantly　elevated　in　the

serum，bumot　the　kidney，of　adenine－fed　r＆ts．As　shown

in　Table　IV，the　level　in　the　serum　of　normal　rats　was

3。38nmo1／mg　protein，while　that　level　of　adenine－fed

rats　was458nmol／mg　protein　and　showed　an　increase　of

about36％when　compared　with　the　nomal　rats。Wen－

Pi－Tang　extract　significantly　decreased　the　TBA－reactive

substance　level　in　the　serum　and　kidney　of　adenine－fed

rats（Ta．ble　IV）．

Table　m　Renal　antioxidant　enzyme　activities　in　kidney　of　normal　rats　and　adenine－fed

　　　　　　　　　　　　rats　with　and　without　Wen－Pi－Tang　administration．

Group
　　　SOD
（U／mg　protein）

　　Catalase

（Ulmg　Protein）

　　GSH－Px

（U／mg　protein）

Normal　rats

Adenine－fed　rats

　Control

　Wen－Pi－Tang　extract

34．42±1．98

15．45±0．85a

l2．74±1．05a・b

199．1±10．6

80．8±13．ga

83．1±4．2a

138．1±4．4

301．1±26．5a

257．1±l　l．l　a・c

Statistical　significance：ap＜0．001vs．normal　rats，bρ＜0．05，cρ＜0．01vs．adenine－fed　control　rats．

Table　IV　TBA．reactive　substance　levels　in　semm　and　kidney　of　normal　rats　and　adenine．fed

　　　　　　　　　　　　　　rats　with　and　without　Wen－Pi－Tang　administration．

Group
Serum　TBA－reactive

　　　　substance

（nmol／mg　Protein）

Kidney　TBAイeactive
　　　　substance

　（nmol／mg　Protein）

Normal　rats

Adenine－fed　rats

　Control

　Wen－Pi－Tang　extract

3．38±0．43

4．58±0．22b

3．48±0．ogc

0．356±0．014

0．384±0．017

0．299±0，021a『c

Statistical　significance：と》＜0．01，bρ＜q．001vs。normal　rats，cρ＜0。001vs．adenine－fed　control　rats．
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1》iscussion

　　　　Free　radicals　are　atoms　or　molecules　having　one　or

more　unpaired　electrons，which　include　many　active　oxy－

gen　species　such　as　Oガ．In　recent　years，it　has　become

apParent　that　these　free　radicals　are　involved　in　various

diseases　and　pathological　conditions．ESR，which　tar－

gets　substances　with　unpaired　electrons，is　a　technique

essential　for　studying　active　oxygen　species．29）The　ad－

vent　of　L－band　ESR（in　vivo　ESR）using　L－band　micro－

waves　（1－2　GHz）has　enabled　real－time　in　v∫vo

evaluation　of　the　radical　reactions　in　the　body，which

were　formerly　studied　only　in　the’n　vi∫ro　situation，and

studies　of　various　diseases　and　pathological　conditions

using　this　technique　are　now　being　conducted．However，

the　sensitivity　of　in　v∫vo　ESR　is　about　several　hundred－

fold　lower　than　that　of　the　conventional　X－band　ESR，

with　a　particularly　low　sensitivity　for　the　abdominal　re－

gion　of　the　anima1，where　microwaves　are　apt　to　be　ab－

sorbed．Therefore，at　present　it　is　difficult　to　quantify

丘ee　radicals　in　the　body，and　cun’ent　evaluation　of　the

radical　reaction　uses　changes　in　signals　of　stable　radicals

administered　into　the　body　as　a　spin　probe．30）In　the　pre－

sent　study，we　used　the　nitroxide　radical　C－PROXYL　as

the　spin　probe．　This　nitroxide　radical　is　reduced　to　a

hydroxylamine　through　reaction　with　various　oxidation－

reduction　enzymes，antioxidants，or　active　oxygen

species，losing　magnetism　and　thus　causing　the　signal　to

disappear．3L32）Utilizing　this　property，we　analyzed　the

free　radical　reaction　in　the　body　using∫n　v’vo　ESR　As

a　result，we　found　that　the　elimination　rate　of　C－

PROXYL　was　significantly　lower　in　rats　with　adenine－

induced　renal　failure　than　in　normal　rats，which　shows　a

significant　prolongation　of　the　radical　half－life　in　rats

with　renal　failure．

　　　　Utsumi30）stated　that，although　the　major　factor　that

detemines　the　attenuation　velocity　is　the　reduction　of

nitroxide　radicals　in　the　blood　at　the　early　stages　after　ad－

ministration，the　attenuation　velocity　itself　is　an　index

suggestive　of　the　body’s　abihty　to　reduce　radicals　be－

cause　it　is　modified　by　the　organ　distribution　characteris－

tics　as　well　as　renal　clearance　and　is　based　on　the

disappearance　of　paramagnetism　due　to　one－electron　re－

duction　of　nitroxide　radicals．　It　is　thought　that　the

cytochrome　system　of　hepatic　microsomes（cytochrome

P－450and　cytochrome　P－450reductase），the　mitochond－

hal　respiratory　chain，and　antioxidants　such　as　vitamin　C

andEareinvolvedinthereductionofnitroxideradicals

intheb・dy．33）Onthe・therhand，underthec・nditi・ns

of　aging34）or　ischemia－repe㎡usion，35）reactions　with　the

active　oxygen　series　may　also　t＆ke　place，and　the　reduc－

tion　velocity　is　reported　to　vary　according　to　the　balance

between　the　f士ee　radical　generation　system　and　the

antioxidation　system．36）Thus，the　facts　on　the　reduction

of　radicals　have　yet　to　be　cla血fied．However，Takeshita

αα1．32）concluded　that　GSH　is　an　electron　donor　since

the　reduction　velocity　of　the　spin　probe　were　lowered

when　the　GSH　level　was　decreased．In　addition，they

suggested　the　possibility　that　the　action　of　glutathione

reductase　and　other　SH　compounds　might　be　involved．

Ajima，37）who　canied　out　studies　of　ischemia－repe㎡usion

in　the　kidney，pointed　out　that　decreases　in　the　activity

and　quantity　of　glutathione　synthetase，as　well　as　the

GSH　level　are　involved　in　the　decreased　ability　of　the

body　to　reduce　nitroxide　radicals。They　found　that　the

ability　to　reduce　nitroxide　radicals　in　the　kidney　was

lower　in　animals　given　pretreatment　with　SOD　than　in

those　not　given　the　enzyme，and　inferred　that　SOD　ad－

ministration　facilitated　a　disproportionate　reaction　of

O2－to　stimulate　the　production　of　H202，resulting　in　a

further　decrease　in　the　reduction　of　nitroxide　radicals．In

our　experiment，we　investigated　the　effect　of　Wen－Pi－

Tang　on　glutathione　redox　cycle　in　the　kidney　of　ade－

nine－fed　rats．As　a　result，the　levels　of　both　reduced　and

oxidized　glutathiones　were　increased　in　the　kidney　of

rats　given　adenine，and　a　movement　in　the　direction　of

oxidized　glutathione　production　was　f6und　in　tems　of

the　GSH／GSSG　ratio，consistent　with　the　results　reported

by　Takeshitaαα1．32）However，we　speculated　that　GSH－

Px　was，activated　as　a　mechanism　of　H202disposa1，ac－

companied　by　accumulation　ofGSSG　and　hpid　peroxides，

since　there　were　marked　decreases　in　SOD　and　catalase

activities　together　with　a　marked　increase　in　GSH－Px　ac－

tivity．In　contrast，in　adenine－fed　rats　given　Wen－Pi－

Tang，the　elimination　rate　and　half－life　of　C－PROXYL

were　shifted　to　the　normal　range，with　an　elevation　ofthe

renal　GSH／GSSG　ratio　resulting　from　a　significant　de－

crease　in　the　renal　GSSG　level．In　addition，the　accom－

panying　reductions　of　increased　TBA－reactive　substance

level　and　decreased　SOD　and　increased　GSH－Px　activi－

ties　in　the　kidney　of　adenine－fed　rats　treated　with　Wen一
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Pi－Tang　suggested　a　decreased　production　ofH202in　the

tissue。Thus，we　speculated　that　a　decreased　H202pro－

duction　drove　the　glutathione　redox　cycle　toward　reduc－

tion　in　the　kidney　ofadenine－fedrats　withWen－Pi－Tang

administration．

　　We　have　already　demonstrated　that　Wen－Pi－Tang

has　the　abihty　to　eliminate　radicals．38－41）Based　on　the

finding　of　the　present　study，we　consider　that　Wen－Pi－

Tang　exerts　its　antioxidant　activity　through　a　cross　talk

between　ffee　radicals　and　the　redox　state．

和文抄録

　L一バンドESR（生体計測用ESR）装置を用い，腎不

全における生体内フリーラジカル反応を解析した。アデ

ニン誘発腎不全ラット腎では，正常ラットより3－
carbamoyl．2，2，5，5－tetramethylpyrrolidine．N．oxylの減

衰速度が遅延し，酸化克進状態にあった。これに対し，

温脾湯投与群では減衰速度が速やかとなり，還元方向に

変換していた。一方，温脾湯投与群の腎臓では増加した

グルタチオンジスルフィドレベルの有意な低下からグル

タチオン／グルタチオンジスルフィド比の上昇が認められ，

また増加したチオバルビッール酸反応物質レベル，低下

したスーパーオキシドジスムターゼと上昇したグルタチ

オンレダクターゼ活性の有意な低下から，過酸化水素の

産生低下が示唆され，グルタチオン酸化還元サイクルを

還元方向に作動しているものと考えられた。以上より，

温脾湯は酸化還元サイクル調節を介して抗酸化作用を発

揮する可能性が示唆された。

＊〒930－0194富山市杉谷2630

富山医科薬科大学和漢薬研究所　横澤隆子
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