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Biochemical Effects of Niridazole on Schistosoma mansoni
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SUM MARY

Adnmimustrnutiorm to the host of the nitrothiazole derivative niridazole, itt-I at-itischistosonmal

drug, results it-i a reduction in the glycogcn levels of nut-tIe sehistosomes. This effect precedes
observable lut-mctiomial damage to the worm, e.g., a hepatic shift, at-i(l is miccout-ited for by

a reduced rate of the (S)liVersiOll of active schistosome glycogct-i phosphorylase to its in-
active form. This niridnizole-itiduced effect is not completely selective, because the rate of
glycogemi phosphorylase itiactivatiot-i it-i the host’s skeletal t-nuisclc is also decreased follow-

iug admit-ustrnttiot-u of t-iii’idazole, although to a much lesser degree that-i it-i the parasite.

IN’J’t-R)l)U( “It- ON

‘Fit-c chcnmothet-’al)eutic efIe(t of t-uri(lnt-

zoic iii expet-unet-ital Itt-lit-llnLlS ttt-(1 nit-it-i it-i-

fected �s’ithi sehistosnmmes linus beet-i ��eil

docunmcntcd ( 1�7) , hut little is kt-iomvn about

th(’ iiioclt’ of thl(b aritisehistosonit-il actiomi of
this (mug. i t-� this I)t-tl)(’t-’ thit et-urly onset of a
l)io(�l1enuicIul (‘fieCt following the aclnminis-

tt-’atiomi of t-lini(lazole is t-el)OItd(I. I t c()t-lsistS
of imihibition of glycogen piiosphom�’iase
illItCtiVt-tti()t-I it-I �8’(/1 islosonia itiatison i itt-I(l
ttC(Ott-t-its for the gly(�)gt’li (lel)letiOli of the
J)t-umtsitc ObScrVe(I tt-ll( let- t1iese (‘(fll(Iitiot-IS.

.MA’I’EItt-ALs .�Nt-) .ME’I’IlOJ)s

Adult female Swiss albino mice were it-i-

fected with 1(X) eereariae of 5’. inansoni

(Puerto lticttt-i strait-i) h�’ tail imnuersiot-m.
The nit-mit-minis were it-set! 7 5 weeks thereafter.

\\)rflms rct-lmOVe(I ft-’onm the nieset-iteric veit-is

01 fronm liii’ portal vein ��et-e placed iii 75 #{182}�

horse set-ut-nm (diluted with distilled water)

for subsequent stit-dies.

‘l’his imiV(’54t igiut i()I1 \VILM SI1p�)()mt ad by ( rant

A 1-03515 101(1 A 1-08022 irons t he Nat jot-sal Inst i-

titles of 1!emslth.

Ninidazole (kit-idly sup�)lied1 by 1)r. C. It.
Lt-u t-mibcmt oh ( �i 1)11., Itt-isle) i�as adnuimi istcm’cd
by stoitit-teil tulI)e it-i itt-I t-iqucou� SUSI)cliSiOt-i

contiut-uit-ig 0.9 (� Na(�l itt-id 0. 1 1� 1��vect-t SO.

\V()t-l11S hot-mi t-uuiee which iit-u(l beet-i it-mfccted
ot-I the sat-ne (It-ty by the st-tame miunmbcr of

cer(’arit-ue, but mvhiichm 1111(1 received no drug,

\vct-.e use(I as (Ot-ltt-’OlS. \�am’iations it-i the
glycogct-i levels of ut-mile �vornms from each
cot-itt-oh gi’out-�� di(I mint excec(I ± 7.5 #{182}�, but
\�‘(‘t-�(’ (�)t-1Si(1et-’t-t1)l\’ gt-’emttet-’ �vhmet-m one gm�)t1�)

w�t-us (S)li1}):Ue(I \vi tim ( )tii(�t-’5. �fhcsc levels
rat-iged ft-ott-i 16 to 23 jig of gl�’cogcmi per
\VOt-’It-i.

i1hie fit-nt-tIe lt’l)l�)(h1ctiVc systcnm of tIme

\VOlt-iIS \\‘ILS eXt-tlIlit-le(l by t-umet-it-is of at-i julia

l’il(tfll stan t it-1g i )t-( )(aSitt-t-c I’d )c)t-’ted �)t-’eviou1sly

(5).
(‘ot-nmercial lv ntvai lahlc rabbit t-imusclc

glvcoget-i (N utritiot- in! Biochcmicals) was

Ptim’ifi(’d by stirring for 10 mit-i i)O t-iil of a
4 � it(file()i1S SolUtioli of this material with

24 g of I )owcx I -(‘l, filtering the mixture
through ni siutered, coarse glass filter, mit-id

lecovetitig the glycoget-i frot-im the filtrate
by I)t-’(’CiPitittiOt-lWith 1 voinrime d)f ethmunol
1111(1 a few crystals of lithium bromide.
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Phosphoglucomutase and glucose 6-phos-

phate dehydrogenase w-ere obtait-ied from
Boehringer.

For the determination of glycogerm phos-

phorylase (a-i , 4-glucan : orthophosphate

glucosyltrat-msferase, EC 2.4.1.1) activity of
schistosomes, the worms were homogenized
in a medium cot-itaining 20 % glycerol it-u

0.05 M glycylglycine buffer (pH 7.4), five

worm pairs being used per 0. 1 ml of homoge-
nizit-ig medium. Enzymatic activity was
assayed by � modification of a previously
reported procedure (9) based nt-i the spec-

trophotometric measuremet-it of the rate of
glucose 1 -phosphate formation from glyco-
get-i it-i the preset-ice of P�. The homogenate
w’as diluted 5-fold with a solution cot-mtaining.

0.02 M NaF amid 0.05 M glycyiglycine (pH
7.4) nit-id centrifuged at 10,000 X g for 10
mit-u ; 0.05 ml of the supert-matant fraction
was added to 0.75 ml of a reaction mixture
which comitait-ied 4 mg of giycogemm, 120

�imoles of potassium phosphate (pH 7.2),
32 �moles of imidazole (pH 7.2), 0.8 �nmnie

of i\IgClt-, 0.3 j.smole of NADP, 0.005 �zmole
of glucose 1 ,6-diphosphate, S �moles of
NaT’, 0.7 ut-mit of phosphoglucomutase,
and 0.28 ut-mit of glucose 6-phosphate dehy-

drogenase. The rate of glucose 1-phosphate

fnrmatint-m was showim by the increase in
absorbance at 340 mj� due to the reduction
of NADP by the combit-med catalytic ac-

tivities of phosphoglucomutase amid glucose
6-phosphate dehydrogenase . This increase
in optical density was recorded betweeii
3 at-md 13 mit-i after additiot-m of the ho-
mogenate. During this period et-mzymatic
activity was proportiot-mal with time at-md
et-izyme comicentration. Et-mzyme activity is

expressed as mmamiomoles of glucose 1-phos-
phate produced per minute per milligranm of
proteit-m.

For the determination of glycoget-i phos-
phnrylase nuctivities of mouse tissues, the
animals were killed by the it-utrapenitoneal
admit-mistratiomi of sodium pet-mtobarbitai,
200 mg/kg of body weight. The tissue sam-

ples to be used wene frozen in situ by menuns

of a precooled clamp at-id placed it-i liquid

nitrogen. It-i the case of heart muscle, the

orgami was cut before clamping in order to

reduce contamimmation w-ith blood. Weighed

tissue samples were homogenized in 10

volumes (heart at-id brait-i), 20 volumes

(liver), or 40 volumes (skeletal muscle) of
20 % glycerol it-i 0.05 M giycylglycine buffer

(pH 7.4) . Phosphorylase activity was deter-

mined in the sanme mat-it-icr as described for
schistosome homogenates, except that in the

case of braimi 0.1 ml it-istead of 0.05 ml of

the diluted homogenate was used.

Glycogen was determined by a specific
enzymatic method (10, 11); protein, ac-

cordimmg to Lowry et al. (12) ; at-md glucose
utilization by the schistosomes and the

levels of phosphate esters in the worms,
by previously described procedures (8, 13).

RESULTS

Ninidaznle is a relatively slowly nuctimig

drug; a hepatic shift, w-hich is considered
One of the first manifestations of at-iti-
schistosomal actint-i, begit-is omily 72 hr after

the oral admit-mistration of chemotherapeu-
tically effective doses of niridazole to mice

infected w-ith S. inansoni has beet-i initiated.

After the daily admimmistration of 200 mg/kg

to mice for 5 cot-isecutive days, mio schisto-
somes are detectable it-i the host 17 days
after the initial dose (1).

A partial shift of the worms tow-and the
liver is detectable after the daily oral ad-
ministration of 200 mg/kg to mice for 3

days when autopsy is performed 4 days

after the first dose. At-i attempt has beet-i

made to determimie earlier biochemical

chat-iges it-i the worms. If they are to be re-
lated to the mode of amitischistosnmal action
of niridazole, they should precede the func-
tinnal damage reflected it-i the loss of attach-
met-it of schistosomes to the internal wall
of the mesentenic veit-is.

Prior to or after the start of the hepatic
shift brought about by the administration

of niridazole, there was no evidence for

inhibition of the activity of phosphofructo-

kinase in the worms, because there was

no change in the ratios of the levels of

hexose monophosphate to hexose diphos-

phate at-id triose phosphate levels in the

worms (Table 1). Such a change is an early

effect of the admimiistratiot-i of trivalent or-

ganic amitimonials and is brought about by
the it-ihibition of the phosphofructokinase
activity of the worms (13, 14). In addition,
the rate of glycniysis of schistosomes was



Furthernmore, 24 hr after a sit-igle dose of 200
mg/kg of niridazoie there was already a

significat-mt reduction in the glycogen levels

(Fig. 2), but no iuepatic shift was observed.
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FIG. 2. Glycogen levels of 1,lale schistosoines (as

percentage of controls) 24 hr after one, two, or three

oral doses of 200 mg/kg of niridazole administered
at daily intervals to ii�ice infected with S. mansoni

The figures on the abscissa indicate the number

of doses. Each point on time graph represemits the

average of nine determiimatiomms.
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TABLE 1
Ratios of hexose monophosphates to fructose (liphos-

phate + trio.se phosphate in S. mansoni following

hepatic shift produced by potassium antimony

tartrate and niridazole

Drug

Glucose Fructose
6-phos- diphos-
phate + phate +

fructose triose
6-phos- phos-

phate phate
(A) (B)

A B

j.xnzoles,g

None 221 78 2.8

Potassium antimony

tartrate’ 485 45 10.8

None 234 86 2.7

Niridazole’ 222 82 2.7

tration of 25 mg/kg.

b t� dose of 200 nmg/kg w� Idmisinistere(l orally

on each of 3 successive days. The worms were

analyzed 24 hr after the last (lose.

mint affected by the acinmimsistratiomi of mminidnu-

zole. Time lack of these effects after the

adnmit-mistratiot-i of ninidazoie indicates thnut
time mode of at-itischistnsomal action of this

drug differs from that of nmt-itit-mmot-iinmls. Fur-
thernmone, ninidazole ad mimmistrnutiomi did not

alter the activity of acetylcholimmesterase of
As.inansoni amid thus differed it-i this respect

from the antischistosonmnul actioii of p-

rosnumiilimie (8) . Timerefore , niridazole must
exert its chemotherapeutic activity against
S. inansoni through nut-i effect distinct from

those of nuntimonials at-md of p-nnsamline;
elucidatiomi of its nmode of action would

reveal, within time parnusite, at-inther niecha-

nism essential for its functional integrity

and susceptible to selective inhibition by a
chemical agent.

After the administration of ninidazole,

the shift of the wnrnms to the liver was pre-
ceded by a decrease it-i the glycoget-i levels

of male worms. Timere was a close-effect

relatiot-iship, the size of the dose raimging

from 11 to 200 nmg/kg admit-iistcred on 3
Successive days (Fig. 1). Four days after
the first dose there wnus a partial, but sig-

nificant, hepatic shift with the two highest

doses (200 and 100 nmg/kg) of iminidazole, but
this was nmot observed w-ith the lower doses.

FIG. 1. Glycogen levels of male schistosomes (as

percentage of controls) following three oral doses of

niridazole a(l,,lifli.stered to the ii�ou.se host on 3 sac-

cessive days

The wormiis were removed for analysis 24 hr

after the last dose. The figures on top of each bar

imudicate the single dose it-i milligrams per kilo-

gram. Each bar represemits the average of 12 (Ic-

terminatiomis.
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FIG. 3. Rate of inactivation of glycogen phos-

phorylase following incubation of homogenates of

schistosomes for 10 mm (30#{176})before and after oral

administration of three (loses of niridazole to the

host on 3 successive (lays

The worms were removed 24 hr if ter the last

dose. The figures at the right of each limie imidicate

the single dose in milligrams per kilogramn. Each

line represents the average of eight experiments.
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rfhcrefore glycogen depletinmi was at-i earlier

at-md more set-isitive indicator of miiniclazolc
actiomi thnui the hepatic shift.

The observed ninidazoie-imiducecl glycogemm

loss could have beet-i caused by a reduction
of giycoget-m synthesis, i.e., by inhibitiomi of

unidine diphosphate glucose-glycogemi svmi-
thetase nuctivity following the acinministra-

tion of time drug. However, after ninidazole

admit-mistratiomm had already produced a

marked glycogen loss, the activities of the

two fornms of the glycogen synthetase of the
worm did not chat-ige.’ Sit-icc there was mm

evidet-ice of interference with glycogen symu-

thesis, the possibility of activatiomi of giyco-
genolysis was considered. S. inansoni hut-is

high glycogemi phosphorylase activity. In
freshly prePared homogeimates of adult

schistosomes, phosphonylase activity was

almost as huigh in the absence as it-i the pres-

ence of A\IP. How-even, ut-mless fluoride was

preset-it, immeubation of these homogenates
at 30#{176}resulted in a rapid decrease in phns-

phonylnuse nictivity, especially when assayed
in the abset-uce of AMP. After additiomi of
ATP, � at-id fluoride, giycogen phos-
phorylase nuctivity was restored w-ithin a

few minutes; in fact, under these cot-uditiot-is

phosphorylnuse activity was greater than
that of time initial homoget-mate (Table 2).
These observations suggest the preset-ice

in the worm of both an active and at-i

inactive phosphorylase at-id a rapid inter-
convensiomi of the two fonnms. The rapid
activation of 1)hnsphorylase by ATP at-md
Mg+± indicates the actiot-m of mupimosphorylnuse
kinase (ATP : phosphorylase phosphotraims-

ferasc, EC 2.7.1.38), whiie it appears that

the fluoride-sensitive inactivatiomi of puns-
phorylnuse is catalyzed by a phosphonylmuse
phnsphnutase (phosphonylase phosphohydro-
lase, EC 3.1.3.17).

After the administrationi of mminidazoie to
mice infected with S. mansoni, the rate of

inactivatiomi of schistosome phosphonylase,
assayed it-i the nubset-ice of AMP, was re-

duced. As it-i the case of the reductiot-m of time

glycogemu stores produced by this drug,
there was a dose-effect relationship; i.e., the
higher the dose, the greaten was the reduc-
tint-i of phosphor�’lase inactivatiomi (Fig. 3).

1 S. H. Rogers and E. Bueding, unpublished

observations.

Thus biochenuical effect of mmiridnuzole nt-i S.

?nansoni was reversible. If, after ot-ic to three
daily ornul doses of 200 mug/kg of t-minidazoie,

the adnuit-mistratiot-m of the drut-g wnus clis-

conitinued, imihibitiomm of pluosphorylase it-mac-

tivation becanuc more pronounced for 48-

TABLE 2

Glycogen phosphorylase activity of S. inansoni

Schistosome homogenates were incubated at

30#{176}for 45 mm. Incubnution was comutinued after a

solution was added yielding a final concentration
of 2 nut ATP, 4 nut MgC�, and 20 nut NaF.

Incul)ation .,. Phosphorylase activityIt-me after _________
period �30 ) . . ---- __________addition ofbefore addi-

tion of A’I’P, ,� �#{247}‘ Without 3 nut
Mg� and - g T AMP AMP

- and �\aF
NaF

m/2moles glucose 1-
nt-in tnt-n

phosphate, tnt-n/mg protein

0 8.5 9.7
45 0.8 4.0

2 5.7 8.0

5 7.9 9.9
30 10.2 11.4

>‘

>

U

4)

0

>‘

0
-C

0.

0
-C

0�

0

C

0

C
4)
U



0 5 10

536 BUEDING AND FISHER

TABLE 3

Effect of administration of niridazole on glycogen

phosph orylase inactivation , glycogen phos-

phorylase activity, and glycogen levels

of S. niansoni

Niridazole (200 mg/kg) was administered orally

once, twice, or three times (at 24-hr intervals) to

mice infected with S. inansoni. Glycogen phos-

phnrylase activity of schistosome homogenates

was determined before amid after incubation (30#{176})

for 10 and 30 mm. The percentage decrease in

phosphorylase activity observed after 10 mm

(column a) was compared with that of the homoge-

nate of control worms. Similarly, the percentage

of residual phosphorylase activity after incuba-

tiomi (30#{176})for 30 mm (column b), the initial phos-

phorylase activity (column c) , and the glycogen

levels of the male worms (column d) were corn-

pared with those of the controls. Each value rep-

resents the average of at least three experiments.

No of
doses

of
nirida-

zole

Days
after

last
dose

(a) (b) (c) d)

Inhibi- Increase
tion of in residual Increase

phospho- phospho- in initial Decreasein
rylase rylase phospho- glycogen

inactiva- activity rylase levels
tion (10 after 30 activity

mm) mm

% % (7 C�
0 /0

1 1
2
3
4
5

10

19 22 12 19
31 67 32 36
35 130 44 47

48 225 48 43
27 50 48 27

20 38 15 8

2 1
2
3
4

5

10

16

28 150 17 33
47 186 43 38
45 180 40 42
49 214 48 47

34 154 50 38

31 100 24 33

7 13 0 0

3 1

2
3

4
7

8

11

14

16

19

50 255 37 58

66 470 67 67

73 450 64 71

65 320 58 63
46 272 70 49

44 186 68 40
28 108 41 31

17 44 19 19

13 36 18 15

5 11 0 7

72 hr and thereafter diminished progres-
sively until immhibitinn w-as no longer de-

tectable after another 10-14 days (Table
3) . This mminidaznle-induced reduction of
phosphorylase inactivation was also re-

flected in the percentage of residual phos-

phorylase activity following incubatiomi of
schistosome homogenates for 30 nmimmat 30#{176}.

Under these conditions the residual phos-
phorylase activity of control homogenates

amounted to only 15-25 % of that present
onigit-ially, prior to incubation. After ninida-

zole administration, this percentage was

considerably greater (Table 3). Reduction
of phosphorylase inactivation was ob-
servabie as early as 12 hr after the oral
administration of a single dose of ninidazole

to the host (Fig. 4).

Reduction of phosphorylase imiactivation
by the admimmistration of ninidazole should
increase the activity of active phosphorylase

in the worm, as was observed (Table 3).
When, following it-icubation of schistosome
homoget-mates with ATP and Mg�, inactive

phosphorylase was cot-iverted to the active

form of the enzyme, how-ever, the activity

>�

U

0

0

0.

0

-C

0

C

0

C
4)
U

Minutes

FIG. 4. Glycogen pho.sphorylase activity before and

after incubation (10 mm, 30#{176})of the worm homoge-

nate

C, controls; X, 12 hr after the administration
of a single oral dose (100 mg/kg) to the host. Each

line represemuts the average of six experiments.
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was the sanue it-i homogemiates of worms

removed from ninidaznle-treated ammimals

at-id from commtnols. Therefore, mminidnuzolc

admimiistnation did not affect total pimos-

phorylase activity, but merely immcreased

the proportion of active phosphnrylase.
Foiinwimig the admit-mistration of niridnu-

zole, usually both the it-mcrease in phosphoryl-

ase activity and the reduction in the glyco-
gen levels of the worms were preceded by
the inhibitiot-i of phosphorylnuse inactivation.

Otherwise the time course of these three

biochemical changes and their return to the

control values occurred at similar time
intervals after cessation of drug adminis-

tratiot-i (Table 3).
A decrease of phosphorylase inactivation

was demonstrable not only after the ad-
ministratinmi of ninidazole to the host, but
also after incubation of the worms with the
drug in vitro. However, the concentratiot-ms

required to produce this effect in vitro were

higher that-i those prevnuilit-mg in the portal
venous blood after administration of t-mirida-

zoie to the host (15). Therefore, it appears
that a metaboiite of mminidazolc is responsible
for the numitischistnsomnul nuctiot-i of this (init-g.

Fulls- 24 hr after the admimiistratint-m of a
simmgle dose of t-minidazole to the host, Faigle

at-id Keberle (15) could detect only ut-midemm-
tified metabolites, but mint the drug itself,

in the tissues of the host at-id of the para-

site. Vet, it was found that the inhibition of
phosphorylase inactivatint-m progressively in-
creased for at least 48 hr umider these condi-

tint-is (Table 3) . The antischistosomal
activity of one or of several metabolites of

niridazole produced by the host or by the
parasite (or both) could explain such a time

course.

Administration of ninidazole resulted in

characteristic changes in the female repro-
ductive system, detectable by an intra uitain

staining technique (8). The time course of

these changes was noteworthy. The omuset

of demonstrable danmage to the female
reproductive system coincided with the

inhibition of phosphorylase inactivnution

TABLE 4

Glycogen phosphorylase inactivation in mouse tissues before and after daily oral administration
of niridazole (200 mg/kg) for 4 arid 7 days

Rates of inactivation are expressed in terms of the average percentage decrease of initial phos-

phoryla.se activity following incubation of the tissue homogenates at 30#{176}.Figures in parentheses in
the second column indicate the number of experiments.

..
I issue

No. of doses of
.

rnriaazoie

Avera ge decrease in pho sphorylase activity after

10 mm 15 mm 20 mm 30 mm

% % % %

Liver 0 (6)

4(5)
p

7(5)

p

48 ± 2

49±3

>0.5
49±2

>0.5

65 ± 1

66±2

>0.5
67±2

>0.5

Skeletal muscle 0 (5)
4(5)

p

7(5)
p

40 ± 2
34±1

<0.025

30±1
<0.001

54 ± 3

47±2

<0.01
43±1
<0.005

Brain 0 (6)
4(6)

p

7(6)
p

40 ± 1
43±3

>0.5
41±1

>0.5

48 ± 2

49±2
>0.5

49±2

>0.5
Heart muscle 0 (5)

7(5)

p

42 ± 2

41±2

>0.4

52 ± 2
52±2
>0.5

61 ± 2
60±2

>0.5
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ntt-idl becanme mi-ion-c l)m�omi�ut-1c((I as tiuis it-i-

hibition becanuc greater, at-md the return of

the �)hosphorylase it-mactivat iomm to control
values l)t-’eccdedl time (lisappearalmce of nib-
I mornmnul ities in ti1(� fe nunile m-epm-nductive

systenu.

Sit-ice adniinistrat ion of ninidnuznie de-
creased phosphorylnuse immntctivatiot-m in the

I)nut-nisite, an attempt was niade to ascertain
whether timis drug \VOI1l(1 bnit-ig nubout sinmilar

chamiges it-i time tissues of the host. It was

fout-id thnut after the daily ornul nudministra-
ti()t-i of 200 nmg kg of miinidazole to mice for

7 days, the rate of l)hosphomYlase iimactiva-
tion renmained ut-uchnuiged it-i mouse liver,

brniin, nit-md heart honmogennites. However,
it-i skeletal nmuscle there wnus sot-mw meductinn

it-i timis rate after four doses, and this was
more pronounced! after 7 dnuvs (Table 4).
This inhibitory effect � niuch smaller
than that produced by the sanme dosnuge

schedule of ninidazole on l)hosphnrYlmuse

inactivatinim in the worm. However, this

degree of inhibition seems sufficient to
nuccount for the glycogeti depletion observed

it-i time skeletal nmuscie of rhesus monkeys

following time administratiomi of ninidazole

(16).

t-)t-SCUSSION

A m’ed1I1Cti�I)Im it-i the glycogemi stores of nuale

schistosomnes observedi shortly after the

admimuistration of ninidazoic to the host

could be nuccounted for by the decreased

l)hosphor�lase innuctivatiomm l)rodiuced by
this (mug. �Fhis reductiomi mesults in an
increase in active �)imosphorylnuse, which in
turn emmiuat-mces the rate of glycogenolysis.

It refit-ut-ms to be determinedi whether this
glycogcmi loss induces functiommal damage to

the wont-mu and can timus account for the nmode

of time antischistosomal actiot-m of ninidazoic.

Sit-ice time rate of glycoiysis of imitact schisto-
somes was mint affected by iminidazole,

glucose provided by the plasrnnu of the host
surrounding a worm should be nut-i adequate
source of emmergy, ummless in certain cell com-

partments of the worm glycogeim, in contrast
to glucose, is nut-i obligatory substrate. On
time other hat-md, the possibility should be
considered that giycogcn, besides being a
source of nmetabolic et-mergy, may have

another fuimctiomm in time parasite. Sit-ice this

polysacchanide it-mteracts with proteimus and
possibly other tissue constituents, the latter
may be protected from degradation by

enzymes present it-i time cytoplasm. If this
were the case, degradation of glycogen
would result it-u the release at-id subsequent

destruction of a comistituet-it essential for
the fumictionial integrity of the parasite.

It appears that time phosphnrylase-

inactivating systenus of three host tissues,
liven, braimi, at-id heart, differ from that of

S. inansoni, because the former were mint
imihibited ut-ider cot-mditiomms under which the

enzvnue of the parasite was markedly mac-
tivated following the admninistratiot-m of
ninidazole. However, time enzynme catalyzing

phosphorylase imuactiva tint-i it-i nuuscle was
affected ut-iden time same conditiot-is, although

to a much snualler degree that-i the emuzyme

of the parasite . Thus, this action of muinida-
zole was mint completely selective. Its it-u-
hibitory effect on phosphonylase inactiva-

tint-i in skeletal muscle can account for the

pnonnummccd glycogemu depletiomi in the muscle
of rhesus monkeys to which niridazole had
beet-i adnuit-mistercd (16). This effect of nirida-
zole on time Imost is cot-utnasted by the action

of nit-mother antischistosomal mmitnnhetern-

cyclic compnuiid, li-an s-5-amino-3-[2- (5-
nitro-2-furyl) -vinylj-1 , 2 , 4-oxadiazole (SQ

18,506) (17, 18). Its admimmistration resulted

in a reduction of phosphorylase inactiva-
tint-i it-i S. nmaimsoimi, but had imo effect on
the activity of this system in skeletal muscle.2

Therefore , structural nuodifleatiomis resulted

iim greater selectivity of the drug effect on

at-u enzyme of the parasite.
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