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Nler口bers of the protozoa belonging to the
family lrypanosomatidae contain a seH・
duplicating body kn0肌、n as t11e kinetoplast
Ivhich 5eem5 to be a region of t11e laTge
mitochondrion steinert,1960., clarke and

Wa11ace,1960. The kinetoplast is a perm・

anent organe11e, but the organisms devoid
Of the kinetoplast Aki11etoplastic form,
hereafter refel'red a5 AK form may eppear

On treetment 、vith certain dyes, such as
acrlHavine and ethidium bromide 、、1etbit2ki,

1910.,1noki,1956

Inoki 1956 has analysed t11e origin ofthe
AK forms of T13,/)ahoso,N" g""1みiιNJ'ι appea・
ring in mice after p・rosaniline treatment
T11C AK{rom inducing compounds have been
{ound to bind wit11 DNA and inhibit DNA

Slnt11ヒSis.
Efld0 ι,tι11.1963 0bserved that Nitto{ura・

乞one de虻ivative NFT inhibits DNA syn壮lesis
in such c0口Centration a5 not to inhibit RNA

日11d protein synthesi5 in lゞSιINリ'iι/1iαι0/i. A
nun11)er o{、vorkers have already demon5tra・
ted the curative e仟ect 0壬 NitrofUτ且Zone

Furan in mice infected 叉、'it11 1', eq"i,ι1'ι1",JI,
γ'.1・hodeヅιNse and l. ga"1厶i則Se Dodd,1946
1)ackchanian,1955. EvenS ιリι11,,1957
H0覗,ever, the eHect of this drug on the
kinetoP1丑St in trypa"osoma has not been
reported yet.
、ve 11ave an interest in the action of

Introducti0Π

Of the NitrofurazoneFurazolidon as one

deriYati、・es and atternpted to examine the
eHect of FUTazolidon on the course of tryp'

infection and tl)e induc"on of AK
infected mice

.vkr0厶ん

OS"ια

Materi丑Is and Methods

'1'、vo clone5 P.rosanⅡine sensitive and
re5i5tant clones of TI:),pa,10SOJ1ια gαリι厶iι,1Se

employed i口 t11e、、、e11Come strain 、vere

Pre5ent study. These t、、'0 、、'ere isolated b)"
the slngle ce11 inoculation technique lnoki,
1960. and maintained in this laboratorト' bド

Passage throug11 ddo mice. The original
Clone 、、・a5 5ensitiYe to p・rosaniline bereafter
referred as the 、~;S , A clone of l'. gαリ1・

Okリ1゛;ι resistant t0 85mg p・rosaniline per kg

mouse body 、veight 、VR has beenobtai"ed
1)y the 5hort passage method from the 、、"el・
ICOTne stτ且in lnokl and Matsushiro,1959

1'he f0110闇・ing methods to exemine the
e任ect of FurazoHd0Π trypansoslnes lnOn

mice 、vere used in t11i5 experiment,(1) rhe
6rst method 、、,as performed to eKamine the
eHect of FurazoHdon or Nitrofutazone on the

inhibltion infecti0110r the pr010ngation of the

Prepatent peTiod in mice.1'he blood fr010
One of t11e infected mice l、、as diluted 、、'ith

glucose'citrate、5aline lnoki and MatsushiTO,
1959 to contain about one mi11ion motile

trypanosomes per ml. Mice inoculated in・
廿aperitonea11y 、vith o.1ml of thiS 5U5Pension
immediatcly given varioU5 doses of、、'ere

Furaz0Ⅱdon ora11y Five t0 12 mice 、、'ere

Used fot each experiment. A5 a contr01, xi・
ttofurazone 肌、as employed. 2 、1'11e second

anosoTna

fornls in

111is 、、,ork 、vas supported in l)arι 1)y a grant in

aid from the 入4inistry of εducali0町._1npan



method 、、,as to observe if the surYival days

Of infected mice could be pr010nged by trea・
tment 、、、it11 20omg Fura20lidon after the
appearance of trypanosomes in the circulating

inoculated1)10od.'r、venty・two Π11Ce 訊'ere

Ivith 、凡;s or 、VR to examine 血e eHect of

FUTazolido". Forty・eight hour5 afteT inocula・
tion, mice l、'ere gi、,en oraⅡy 、vit11 Fura・
Z0Ⅱdon. Tヒn mice 、vere U5ed 皐S contr01、
1、he blood of each of 牡le tteated and

11ntreated mice 、vas exar口ined microscopicaⅡy

for t11e presence of trypanosomes. After
treatment 、、,ith 20omg/kg Fura20lidon, blood
SlnearS 叉、'ere taken at time intervals to see

if AK forms have appeared.
In order to examine tl〕e eHect o{ Fura・

Zolidon at 20omg/kg and at 30omg kg on
t11e ultrastructures of t11e kinetoplast, electron

Observations 、vere made 24 hoursIT11Crosc01)1C

and 40 hours after treatrnetlt of d〕e infected
Electron mlcroscopy 、va5 done f01・Inlce.

10、、・inR the technique of lnoki ιt ιJI.(1969).
FUTazolidon (N・(5・nitro・2・furyliden)3・am・
ino-2.oxazolidon) wa5 0btained from ueno・
Seiyaku co.1"td, Research section Fig.1
and Nitrofurazo"e (Furacin 、vas "1Ven,

Courtesy of Dr. T. KaTasaki, Toyama che・
mica1 1nductrv co.1"td

0

Fig,1 Chemicl{1 SlructuTe of Furl{zolid0Π、

CH

The coU玲e of infection i11 10 untreated

Control mice f0110、ving the inoculation 、vith
、VR is the same as in lo untreated contr01

mice inoculated 、Yit11、へIS.1n ws infected

treated 訊'ith loomg/kg Furazolidon,Inlce

the trpyanosomes appeared beいVeen 3 and
9 days after inoculation and a11 1nice died
訊,ithin 11 days. HO、、'e、,er, t11e suTviva1τ皐te
Of mice treated 、vith 20omg kg Furazolidon

Wa5 10006 and micr05Copic examination of
the tail blood of surviving mice 馴'as negative

{or trypanosomes、

SimⅡarly, t11e ピHect of Furazolidon on the
Course of wR in{ection in mice was exem・

ined_ TrypanosomeS 6r5t appeared between
3 and lo days f0Ⅱ0、ving inoculation of mice
treated with 20omgkg Futazolidon. A11
treated 、Yith 20omg/kg Furaz0ⅡdonInlce

died l、,ithin 12 days. At 30olngルg Fura・
Zolidon the parasites did not appear at a11.
Doses of 50 mg t0 20omg/kg of Nitrofuta・
Zone as U5ed by other 、vorkers (Dodd,1946.
1)ackchanian,1955_ Evens eiιι1.,1957) were

employed to compare its therapeutic eHect
、vith t11at of Furazolidon

Tal〕1e 2 Sho、、'5 the e丘ect of Nitrofurazone

On trypanosome in{ection in mice. A dose
Of loomg/kg and 20omg/kg Nittofurazone
、、,as necessary to completely inhibit 、凡Is and
、VR infection in mice, re5Pectively

1Π the expetiment lnentioned above, al・
though the untreated controls showed the

Of in{ection for both 、vs andSame course

、入IR clones, trypanocidal actions of both
Furaz0Ⅱdon and Nitrofurazone 、vere found

Stronger against 、vs clone t11an against 、入7R
Clone

'r11e ncxt experiment 訊'as performed to
in detail the 衝仟erence in tl〕e eHectexaTn111C

Of the drug on 、vs and 、¥R. Tal)1e 3 Sho、、'S
the e仟ect of Furazolidon on mice showing

Parasitemia. AS SI)0、vn in t11e l'able, t11e
Untreated controls for both 、入Is and 、へIR

Clones died 、vidliΠ 4 t0 5 days after inocula・
Although 20o mg/kg Furazolidon f田ledtlon.

to produce a permanent 里ecovery from exper.
imental tr丁PanosolDiasi5, the dosage inhibited
d〕e nlL11tiplication of t11e parasites in varying
degrees and resulting in a delay of the deadl

Results

'1'hぞピ仟ピCt of Furazolidon on the inhibiti011

Of 、、's and 、VR infection in mice ate sum・

marized in l'able l. T11e untreated contr01

Sh0工、・ed tr),panosomes in d)e peripheral blood
in al)out 48 110ur5 after inoculation 、、'it、、VS.

1'he number of trypanosome5 increased
ProgressiYely and aⅡ 10 lnoculated mice died
On tl)e fourt11 d11),s and 6fth day5 after in・
Oculation_
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Table l E丘ecN of Futazo】idon on 、vs and 、VR injected nlice,

administered immediately aftoT iれOculation o{ the para5ite

1)oses

/kg mice
1

100

Davs a{1er

3 ^1

mg

ParιIslte

5

,」ー J-

i口Oculation and Furaz0Ⅱdon treatment

103 1196 7

、VS

サL

,1

200

、、'R

'T-
す

mg

900 111g

J-

D

゛ 11

." 揣

12 10

D
D

D
D

冊
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升

D
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D
 
一
一

一
一

0
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一
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D剖

D
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Table 2

ドtr1Πn

EHeC捻 of Nitrofurazone on

imf"ediately aftet

1)oses

kg mice

50 mg

、vs and wR injected mice, administeTe(1

inoculation of parasite.
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Tal)1e 3 E仟eC60f Furazolidon on 、vs aTld 、、'R injectcd 111ice、

administcred after t11e parasite 乳Ppenrcd in t11e l)100〔1.

Da、'5 af【er Furazolidon treatment
DegTce of
in{ection
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Sιr11"1
Dose

Kg mice
DC宮rce uf
infection

Table 3-2

Dn)'S ιlftcr l;ur11Zolidon trcmment

5 8 9 1076'13

1)nr札卜Ⅱe、

、、'S
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11.41
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.,,

11T

The (1C菖reu of j"fcclion nlea11S
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' 1
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Thヒ PrヒSe11t 、、'OTk sho、、's that Furazo"don
iε、'どr}' e仟ecti、・e in i11ducing AK {orms and
in i1111ibiti"g 7'.1tUリ1ih"リ1Sι! iη{cction in i丑ice
訊'he11t11ピ drug is gi、.en immediately a{tet

inoculation of tl〕e parasites. Althoug11tl)e

d05ピ required is l)igher than lhat of Nitro・
fur肌00ヒ(Furan), FurazoHdon 玲 Consideted

a l)etter drU島 Since its l"D50 in r口iCピ iS 41M-

45fx) mg/kg a5 Compared 、vith that of Nitro・

fur肌one which i5 545mg/kg (Dodd,1946)
、Yhe" given aftヒr t11e appearenCピ 0f the

Parasitピ in thc 】)10od、 Furazolidorl,批 n dose

Of 2(X)1ng/kg.、、'as {ound to supprC55 t11e
mul[iplication of the parasite resulting in a
dピ1a、' of tl)e deadl of infected mice.

In prピVious studie5 0n the mode of AK

for111 iⅡduction b}' means of dyどS and anti・
1〕iotiC5 (1n01{i,1956. sal{amoto,1963), t11e

AK forTns in 7'. q"リ1ιんリ1Sι and l'.'ταノ1SI

肌'ピrヒ Seen to appenr 2 hours a{ter administra・

tion oft1加 inducing substances. Tbe numbet
0{ AK forms 、、"ere found to increase gradua11y
With tinle, 1n dliS 5tudy, 110wewr, AK

十orms appeared 24 hours after treaU力じ,1[ 0壬

20omg/kl{ Furazolidon. 1t is P帖Sible dlat
Fur改Z0Ⅱdon di{fers from other compound5

5Uch ns p.rosanilinピ. actiHavine al】d ethidi山n
1)Tomidピ、 i11 吐1七 mピChanism o{ AK induction

E1ピCtron microsc01)}' 5h0訊's the fra1ξmenta・

tion 皐nd disappenra口Cど of the librous str.
UCミUrヒ 0f t11ピ 1{inetonucleus in t11C AK forms

01)tainどd by Fura20lidon treatmenl. simi1社r
fea[ures have been demonstTated in t11e AK

forms tピSulting frolD t11e use of p・rosa11iⅡΠピ

11〕01(iιY α1.,1969).11CriHa、,ine ⅥⅡhlpfordt,
1963.'1'rager and Rudzinska,1964, cthidium
1〕r0111idヒ(Delain and Riou,1969 and l"・dro・
X、・sti!1〕an〕idiDe Dピ1ain 'i 'ι1.1971

1Π01、i'ia/' 1969 Sh0工、'ed that dw admiD.

isrration of lomgk題 P・rosaniline t0 111ice
in{ピCtピd with p・roS印lili"e 1'Sensltl、'U

gd/Jjhl'リ1.q' resultcd in tl)ピ disappearancu of
bot11the kinctonucleat 6bers and Lhe kine・

toplast ピnvelope.1'he eHect of Furazolidon
On the ulttastructure of kinetoplast resulted

i11the fragmen仏tion and disappearance of
1{i11ピtonucleus and did not result in the disap.

Discussion

( 13 )

Pearance o( the e11Vel01)e.1he mechanislD
the eHect5 0f FurazolidonOf di仟erence In

and p・tosaniHne on t11e kinetopla5t enYelope
is stiⅡ U"determined,

Summary

Thu t11Crapeutic eHect of Furazolid0Π

フ)ンノノ'1,10,ゞ0リkl gah1厶iιリ1Se infectヒd mlce lY

examiηed employing bot11 the p.rosanili
Se"siti、,e and ule resistant clones、

Fura20lidon 、、、as f011Πd to sho、、、 therapeutic

eHect for both clones, but appaxently moTe
eHective for the sen5itive cl011es than for

the resistant ones.

1'11e AK induction test lnokiand 入la、

tsU5hiro,1959.) revealed tbat Fur丑Zolidon

、、'as able to increase AK forms dyskinetop、
Iastic forms in bot11 Clones.
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EXP1丑n丑tion of photo.

Ph0ι0.1-a. The kinetoplasl of p・robanili口e sensitive l'. gα1,1厶κリιSe'
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Frヨ奪mentation a"d disappearance of 小e 6卜roU5 Structure occur, hut
the envelope persists.
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TrgPαπ080肌α gambieπεε感染マウスに対する Furazolidon の

治療効果およぴ AK 型原虫誘発効果について

アフり力卵晶出醍リ゛;;よ YンL、少"hoy,"1" g""1厶i'リ1嵐,の晃ミ鉾セ

にようておこるカニ,その治1素藁の 10として Nitro・

furazone (FuraciΠ力1あり,従来より用いられている

この実験では NRmfU皿Z0舶の誘導体であろ F山a・

Z0Ⅱdon を仙用し,この薬行11カエマウスにおける 7'

ga"1hiιⅡ.Ⅷ感染を1坦止するかどうか,又,すでに感染し

ているマウスに対して冷躯効果をもつかどうかを調べ

た.その結果, Furazolid0Πは鳥〔山感染の阻、止をおこす

が,それに要する Ldま NitNf"r乳.one よりも多卜こと

がわか0た.しかし,やウスに対する LD帥を考慮した

場合, Fumz0Ⅱdo"の方が治療薬として実際に使用し易

いのではないかと思われる.この実験では T.g"加厶i・

の P・rosaniⅡne 感卜士と耐性の両 Clone が用いらe"se

れたが,後者は FⅢ肌0Ⅱdon による治療に対して前者

よりも強い抵抗竹1を示した.

これまで, Tryl〕皐nosom且の kinetoP111St に作川して

これを欠いた原虫 AK型原虫を誘発すろ効果をもつ

薬剤が数種類知られている.これらの薬剤は DNA と

結介しあるいは DNA 介h父を阻害ナる. DNA 合成の

阻宅効果をもた Ni廿of"r細on 轟導体の存在が桜告さ

小野忠相・猪木正三
JN

れている所から,この突験では Furazolidon の AK 型

原虫誘発効巣を捌待し,詳細に調べた結果, T.gα抗oi,

'リ1文,!畿染マウスに 2{川 mg/kg の Furezolidon を投』!iす

ろと24時開後に AK型原虫が誘発されるこ七がわかつ

た. AK型原虫誘発効果をもつ薬剤としてすでに知られ

てぃるものは1、ずれも薬削投町・後411寺間月頃までに AK

型1京虫の誘発を示tのに対して FⅢ飢olidon では4時

問凡には来だ AK型煉虫の誘発を示さ十,24時1胴後に

AK型原虫、を誘発させた.それ故,他の薬剤とは誘発機

1キ;が異なろかも知れない

なお, FU皿ZOHdo"による AK 翌リ東虫出現率は P・

r05社niline ι建イ!kの Clone が而1,11の Clone よりもi宕1し、三〒1

を示した.これは治疫試験で後者力勺面者よりむ FU凱・

.olidon に対して抵抗性を示した"戈績をーそう支持する

ものと匙〔われる.

Fura20Ⅱdo"によって誘発した AK 型原虫の砥顕像

は ki口etonucle山の線制ま状構造の fragmentation ある

いは消失を示し,これは他の薬剤によつて誘発したAK

型煉虫でみられる所見と同じある.


