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Introduction

Members of the Protozoa belonging to the
family Trypanosomatidae contain a self-
duplicating body known as the kinetoplast
which seems to he a region of the large
mitochondrion (Steinert, 1960., Clarke and
Wallace, 1960). The kinetoplast is a perm-
anent organelle, but the organisms devoid
of the kinetoplast (Akinetoplastic form,
hereafter referred as AK form) may appear
on treatment with certain dyes, such as
acriflavine and ethidium bromide (Werbitzki,
1910., Inoki, 1956).

Inoki (1956) has analysed the origin of the
AK forms of Trypanosoma gambiense appea-
ring in mice after p-rosaniline treatment.

The AKfrom inducing compounds have been
found to bind with DNA and inhibit DNA
synthesis.

Endo et al. (1963) observed that Nitrofura-
zone derivative (NFT) inhibits DNA synthesis
in such concentration as not to inhibit RNA
and protein synthesis in Escherichia coli. A
number of workers have already demonstra-
ted the curative effect of Nitrofurazone
(Furan) in mice infected with 1" equiperdum,
1. rhodesiense and T'. gambiense (Dodd, 1946.
Packchanian, 1955. Evens e al., 1957).
However, the effect of this drug on the
kinetoplast in trypanosoma has not been
reported vet.

We have an interest in the action of
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Furazolidon as one of the Nitrofurazone
derivatives and attempted to examine the
effect of Furazolidon on the course of tryp-
anosoma infection and the induction of AK
forms in infected mice.

Materials and Methods

Two clones (p-rosaniline sensitive and
resistant clones) of Trypanosoma gambicnse
(Wellcome strain) were employed in the
present study. These two were isolated by
the single cell inoculation technique (Inoki,
1960.) and maintained in this laboratory by
passage through ddo mice. The original
clone was sensitive to p-rosaniline (hereafter
referred as the WS). A clone of 7. gam-
biense resistant to 85 mg p-rosaniline per kg
mouse body weight (WR) has been obtained
by the short passage method from the Wel-
lcome strain (Inoki and Matsushiro, 1959).

The following methods to examine the
effect of Furazolidon on trypansosmes in
mice were used in this experiment. (1) The
first method was performed to examine the
effect of Furazolidon or Nitrofurazone on the
inhibition infection or the prolongation of the
prepatent period in mice. The blood from
one of the infected mice was diluted with
alucose-citrate-saline (Inoki and Matsushiro,
1959) to centain about one million motile
trypanosomes per ml. Mice inoculated in-
traperitoneally with 0.1 ml of this suspension
were immediately given various doses of
Furazolidon orally. Five to 12 mice were
used for each experiment. As a control, Ni-
trofurazone was employed. (2 The second



method was to observe if the survival days
of infected mice could be prolonged by trea-
tment with 200mg Furazolidon after the
appearance of trypanosomes in the circulating
blood. Twenty-two mice were inoculated
with WS or WR to examine the effect of
Forty-eight hours after inocula-
tion, mice were given orally with Fura-
zolidon. Ten mice were used as control.

The blood of each of the treated and
untreated mice was examined microscopically
for the presence of trypanosomes. After
treatment with 200 mg/kg Furazolidon, blood
smears were taken at time intervals to see
if AK forms have appeared.

In order to examine the effect of Fura-
zolidon at 200 mg/kg and at 300 mg/kg on
the ultrastructures of the kinetoplast, electron
microscopic observations were made 24 hours
and 40 hours after treatment of the infected
mice. Electron microscopy was done fol-
lowing the technique of Inoki et al. (1969).

Furazolidon  (N-(5-nitro-2-furyliden)-3-am-
ino-2-oxazolidon) was obtained from Ueno-
Seiyaku Co. Ltd. Research Section (Fig. 1)
and Nitrofurazone (Furacin) was given,
courtesy of Dr. T. Karasaki, Toyama Che-
mical Inductry Co. Ltd.

Furazolidon.
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Fig. 1 Chemical structure of Furazolidon.

Results

The effect of Furazolidon on the inhibition
of WS and WR infection in mice are sum-
marized in Table 1. The untreated control
showed trypanosomes in the peripheral blood
in about 48 hours after inoculation with WS.
The number of increased
progressively and all 10 inoculated mice died
on the fourth days and fifth days after in-
oculation.

trypanosomes
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The course of infection in 10 untreated
control mice following the inoculation with
WR is the same as in 10 untreated control
mice inoculated with WS.  In WS infected
mice treated with 100 mg/kg Furazolidon,
the trpyanosomes appeared between 3 and
9 days after inoculation and all mice died
within 11 days. However, the survival rate
of mice treated with 200 mg/kg Furazolidon
was 100 % and microscopic examination of
the tail blood of surviving mice was negative
for trypanosomes.

Similarly, the effect of Furazolidon on the
course of WR infection in mice was exam-
ined. Trypanosomes first appeared between
3 and 10 days following inoculation of mice
treated with 200 mg/kg Furazolidon. All
mice treated with 200mg/keg Furazolidon
died within 12 days. At 300mg/kg Fura-
zolidon the parasites did not appear at all.

Doses of 50 mg to 200 mg/kg of Nitrofura-
zone as used by other workers (Dodd, 1946.
Packchanian, 1955. Evens ef al., 1957) were
employed to compare its therapeutic effect
with that of Furazolidon.

Table 2 shows the effect of Nitrofurazone
on trypanosome infection in mice. A dose
of 100mg/kg and 200 mg/kg Nitrofurazone
was necessary to completely inhibit WS and
WR infection in mice, respectively.

In the experiment mentioned above, al-
though the untreated controls showed the
same course of infection for both WS and
WR clones, trypanocidal actions of hoth
Furazolidon and Nitrofurazone were found
stronger against WS clone than against WR
clone.

The next experiment was performed to
examine in detail the difference in the effect
of the drug on WS and WR. Table 3 shows
the effect of Furazolidon on mice showing
parasitemia. As shown in the Table, the
untreated controls for both WS and WR
clones died within 4 to 5 days after inocula-
tion. Although 200 mg/kg Furazolidon failed
to produce a permanent recovery from exper-
imental trypanosomiasis, the dosage inhibited
the multiplication of the parasites in varying
degrees and resulting in a delay of the death
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Table 1 Effects of Furazolidon on WS and WR injected mice,
administered immediately after inoculation of the parasite.

Days after parasite inoculation and Furazolidon treatment
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g mice 1 3
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Table 1-2
BHeses Days after parasite inoculation and Furazolidon treatment
strain s - — - - - - ———
kg nice 1 2 3 4 5 & T 8 9 1 11 12 13
== = = + H D
— = =+ bius D
- - - - - - - — = + it D
— = — - — — — — = + HH D
300 mg —= == - —= — — — — — — - — -
== + it D
- + Ht D
-- + H D
— + fitt D
None o + H Ht D
= + H D
= + + 1 D
— + H#t H D
- + Ht D
— + + i D

— ; trypanosomes are not found in 10 fields under the microscope (x400)

+ 5 less than one parasites per one field.
it ; more than 51 parasites.
D ; Death

+ 5 2~10 parasites.

4 ;5 11 ~50 parasites.

WS Trypanosoma gambiense p-rosaniline sensitive clone

WR ; Tryvpanesoma gambiense p-rosaniline resistant clone

of the infected mice.

Blood smears were taken at various time
following 200 mg/kg Furazolidon treatment
to examine its effect in the induction of AK
forms in WS or WR infected mice. Table 4
shows the percentage of appearance of AK
forms at 4 and 24 hours after the treatment
with Furazolidon. The percentage of AK
forms obtained 4 hours after treatment were
not significantly different from that obtained
before treatment. However, 24 hours after
treatment, the increase was significant. The
percentage of AK form in mice infected

with WS is higher than that with WR in-
fections.

Photo. 1-a shows the kinetoplast of 7.
gambiense before treatment with Furazolidon.
The kinetonuclear fibers are seen within a
two layered envelop. Photo. i-b shows the
kinetoplast 24 hours after treatment with
200 mg/kg Furazolidon.  Photo. 1-¢
the parasite 40 hours after treatment with
300 mg/kg Furazolidon.
disappearance of the kinetonuclear
occurred, but the envelop was not affected

by the drug at all.

shows

Fragmentation and
fibers



o]

Table 2 Effects of Nitrofurazone on WS and WR injected mice, administered
immediately after inoculation of parasite.

wia Doses  Dwsafter Nitolumone veatment
e 1 2 3 4 5 6 7 8 9 10 11
2 — + + D
e - - - - - 4+ # D
5 - = = - # D
m
¢ - -~ = = = 4+ # D
== -+ H D
= — = + H D
WS 100 mg = = = = — - = e - - -
= + H#H D
= = + 1t 1)
— o+
None i L
- + % # D
— + H D
- +H Ht D
— - + fft D
= = - = + H D
S — — + I
100 mg i B
- — - 4 # D
== S H#t D
- - - - 4+ # D
WR 200 mg B T T
- + - D
s + it D
= + !
None i .y b
= + HH D
= + H D
— = H D
— ; trypanosomes are not found in 10 fields under the microscope (X 400)
+ ; less than one parasite per one field. H 5 2~10 parasites. fit ; 11~50 parasites.
it ; more than 51 parasites. D; Death

WS ; Trvpanosoma gambiense p-rosaniline sensitive clone
WR; Trypanosoma gambiense p-rosaniline resistant clone

(10)
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Effects of Furazolidon on WS and WR injected mice,

administered after the parasite appeared in the blood.

Table 3

11

10
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6
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Table 3-2
e .Klgjoéleice ?gfgfgo‘;’]f _ Da_ys affer Furaz_(_)]&nie_al&l_er.lt
' 1 2 3 4 5 6 7 8 9 10 11 12
H # HHF H#H # H# Mt D
+ M - = H # @ D
- H D
H it # # D
+ it H  #H D
+ H+ #M D
+ " M - - H+ # D
+ H+ H# # H M D
4 H M H # D
+ it Mt H#H D
+ i o D
+ it D
+ #t H # w D
+H it D
+ # M D
o 1 D
+ #H M D
None -+ HH it D

+ # D
H it D
+ H+ #t D
+ fitt D

The degree of infection means the number of parasites in the blood hefore Furazolidon

treatment.

— ; trypanosomes are not found in 10 fields under the microscope (x 400)

-+ ; less than one parasite per one field. H 1 2~10 parasites. H; 11~50 parasites.

i ; more than 51 parasites

D ; Death

WS Trypanosoma gambiense p-rosaniline sensitive clone
WR ; Tryvpanosoma gambiense p-rosaniline resistant clone

Table 4 The percentage of appearance of AK forms in WS and WR infected
mice before and after Furazolidon treatment.

WS WR
before Furazolidon treatment 0.500 0.30<m=<0.70° 0.63  0.33<m=<0.93
4 hr after Furazolidon treatment 0.75 0.41<m=1.09 0.81 0.51<m<1.11

24 hr after Furazolidon treatment 15.45 15.02<m<15.88 11.41 10.67<m<12.15

WS ; T. gambiense p-rosaniline sensitive clone
WR ; T. gambiense p-rosaniline resistant clone
a; the mean percentage of appearance of AK forms (°0)

b; 999 reliability limit

(12)



Discussion

The present work shows that Furazolidon
is very effective in inducing AK forms and
in inhibiting 7. gambiense infection in mice
when the drug is given immediately after
inoculation of the parasites. Although the
dose required is higher than that of Nitro-
furazone (Furan), Furazolidon is considered
a better drug, since its LDjs in mice is 4100~
4500 mg/kg as compared with that of Nitro-
furazone which is 545 mg/kg (Dodd, 1946).

When given after the appearance of the
parasite in the blood, Furazolidon, at a dose
of 200 mg/kg, was found to suppress the
multiplication of the parasite resulting in a
delay of the death of infected mice.

In previous studies on the mode of AK
form induction by means of dyes and anti-
biotics (Inoki, 1956. Sakamoto, 1963), the
AK forms in T. gambiense and T. evansi
were seen to appear 2 hours after administra-
tion of the inducing substances. The number
of AK forms were found to increase gradually
with time. In this study, however, AK
forms appeared 24 hours after treatment of
200 mg/kg Furazolidon.
TFurazolidon differs from other compounds
such as p-rosaniline, acriflavine and ethidium
bromide, in the mechanism of AK induction.

It is possible that

Electron microscopy shows the fragmenta-
tion and disappearance of the fibrous str-
ucture of the kinetonucleus in the AK forms
obtained by Furazolidon treatment.
features have been demonstrated in the AK
forms resulting from the use of p-rosaniline
(Inoki et al., 1969), acriflavine (Miihlpfordt,
1963. Trager and Rudzinska, 1964), ethidium
bromide (Delain and Riou, 1969) and hydro-
xystilbamidine (Delain e al., 1971).

Inoki et al. (1969) showed that the admin-
istration of 10 mg/kg p-rosaniline to mice
infected with p-rosaniline sensitive 7.
gambiease resulted in the disappearance of
both the kinetonuclear fibers and the kine-
toplast envelope. The effect of Furazolidon
on the ultrastructure of kinetoplast resulted
in the fragmentation and disappearance of
kinetonucleus and did not result in the disap-

Similar

(13)
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pearance of the envelope. The mechanism
of difference in the effects of Furazolidon
and p-rosaniline on the kinetoplast envelope
1s still undetermined.

Summary

The therapeutic effect of Furazolidon on
Trypanosoma gambiense infected mice was
examined employing both the p-rosaniline
sensitive and the resistant clones.

Furazolidon was found to show therapeutic
effect for both clones, but apparently more
effective for the sensitive clones than for
the resistant ones.

The AK induction test (Inoki and Ma-
tsushiro, 1959.) revealed that Furazolidon
was able to increase AK forms (dyskinetop-
lastic forms) in both clones.

Ultrastructural studies showed that the
fragmentation and disappearance occurred
in the kinetonuclear fibers after treatment
with Furazolidon.
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Explanation of Photo.

Photo. 1-a.

The kinetoplast of p-rosaniline sensitive 1. gambiense.

The typical fibrous structure is seen within the envelope.
Photo. 1-b. The kinetoplast of p-rosaniline sensitive T. gambiense.
24 hours after treatment with 200 mg/kg Furazolidon.

Photo. 1-c.
mg/kg Furazolidon.

The kinetoplast 40 hours after the treatment with 300

Fragmentation and disappearance of the fibrous structure occur, but

the envelope persists.

Kn, Kinetonucleus (fibrous inclusion).
fl, flagellum.

Knf, Kinetonuclear fragment.

(14)

Ke, Kinetoplast envolope.

bb, basal body.
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Trypanosoma gambiense &< ) A[Zxf$ % Furazolidon
BEDRB LIV AK BEHFEEHRIZONT

INFFEEAR - FERIE=
(FCWE R 2 M W FFE A T o 3 (5 1)

7 7 Y HIEEIE Trypanosoma gambiense DJFGL
X2 TBIEL, ToOEWMED L L LT Nitro-
furazone (Furacin) 23% 0, #EkL DHWHRATLS.
ZOEETIE Nitrofurazone OFFEAET H 5 Fura-
zolidon # L, ZoOESMNR~-TAIZRITFE T
gambiense JEYERIET 258 97, X, T TIEEL
T D w7 2R LTI E L o5 Y 5 h i
Jo. FOFEE, Furazolidon idiidu&io k& B2 4
A5, FRICES ARIT Nitrofurazone L0 L E 02 &
Motz Lasl, =7 2Id 5 LDs 2EZE L
4, Furazolidon @ FFAiEMEE L L CHEBICHERL 3
WO TEA N EELRS., ZOERTIE T. gambi-
ense ¢ p-rosaniline EYE EfitEop Clone 23V 5
Ny, #B#EE Furazolidon 12 Xk % it L TRl
XU bE TR AR L 72

ZMET, Trypanosoma ¢ kinetoplast {ZfEH L T
ZRERG RS (AK R 23ET2EE Lo
SR EEREAM ST s. Zh b ol DNA L
FaELdDi: DNA &hk & HET 5. DNA &R
PHEERN 4 4, -> /= Nitrofurazon S {AOFEEDHE =

NTWAFG, Z 03B TIE Furazolidon ¢ AK %l
JE AR A W L, SNSRI RS, T gambi-
ense [t~ 7 A2 200 mg/kg @ Furazolidon &4%5-3
B L 24N AK RUREAFRSLS 2 LG
- AK BUE R EERGE A § SFEFE LTTTIZa6h
TV B LT LERBRE R 4R REE T AK
M O FHF A RTOICR L T Furazolidon ik 4 iF
BIEIC RS AR BEUhoF#E s S+, 24 &
AK BUE B &#FR S w7 ehll o & s
&R S b,

7035, Furazolidon (2 L % AK HUE I HEIERT p-
rosaniline @&PE@ Clone 23itE@ Clone I v 4
FaslLyz. SR iR T BEDEIE L D L Fura-
zolidon (5 L CHSMER R LIz il d —F 93§75
Lo rEbhs.

Furazolidon 1Z LT &% L /= AK BURUL R FH{%
1% kinetonucleus O#HEHEEE O fragmentation % S
WIEEEAREL, JAUEoIERIC L > THERE L AK
BIRBCALRBTRERMLS D,
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