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$’I(=. 6. Crystal frequently found in association 

tests and molecular weight studies suggest 
that the material composing C-L crystals is 
a polypeptide of low molecular weight con- 
taining tyrosine or tryptophane or both. I t  
is soluble a t  pH 2 and pH 1 1.2.  I t  was pos- 

wit11 Cliarcot-I,c\-dca crystals i n  fcccs. X 390. 

sible to recrystallize a dilute (0.5%) solution 
of C-L crystals by adjusting the solution to 
neutrality. No measurable amounts of phos- 
phorus or zinc could be detected by spectro- 
graphic analysis. 

The author wishes to express her appreciation to 
Dr. Paul C. Beaver, Tulane Univ. School of Med., 
for his direction and to R. K. O’Connor, U. S. Dept. 
of Agriculture, for performing the spectrographic 
analysis. 
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Effect of Thiabendazole Upon Experimental Trichinosis in Swine. (27443) 

W. C. CAMPBELL AND A. C. CUCKLER 
(Introduced by H. J. Robinson) 

M w k  Institicte for Therapeutic Research, Rahway, N .  J .  

The anthelmintic property of thiabendazole 
has been reported recently by Brown et al. 
( 1 ), and Cuckler ( 2 ) ,  and the activity of this 
compound against trichinosis in rats and mice 
has been reported by Campbell(3). Since 
subsequent experiments have revealed that 
large, well-tolerated doses of thiabendazole 
kill Trichinella larvae in the muscle of mice, 
experiments were carried out to determine the 
effect of this compound on trichinosis in 
swine. 

Materials and methods. Pigs were ex- 
posed to Trichinella spiralis larvae recovered 

by digestion from the ground carcasses of ex- 
perimentally infected mice and rats. The 
number of larvae recovered was estimated by 
a sampling method. In Experiment 1 the lar- 
vae were given to the pigs with little or no re- 
moval of the digestive solution. In  Experi- 
ment 2 the larvae were washed by sedimenta- 
tion in water, before being given to the pigs. 
The larvae were administered through rubber 
tubing inserted into the stomach or esophagus. 
The suspension of larvae was stirred continu- 
ously while the inocula were being withdrawn. 

In both experiments muscle samples taken 
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a t  necropsy were ground twice in a meat 
grinder and digested in 0.7% pepsin contain- 
ing 1 .O% hydrochloric acid. Sufficient vol- 
ume was used to allow at  least 25 ml diges- 
tive fluid for each gram of muscle. The di- 
gestion mixture was incubated at  about 37°C 
for 4 to 5 hours, while being continuously agi- 
tated. In Exp. 1 replicate samples digested 
for about 24 hours yielded approximately the 
same number of larvae as did those digested 
for 4 to 5 hours. The digest was filtered 
through gauze, allowed to settle, and adjusted 
to a volume convenient for counting. The 
larvae were counted in aliquots varying from 
0.075 ml to 1.0 mi, withdrawn while the di- 
gest was stirred. If no larva was seen in the 
aliquots, the suspension was allowed to stand, 
and the entire sediment was examined. In 
our experience, larvae recovered by digestion 
always include occasional larvae which are 
almost straightened out and evidently dead. 
In Exp. 1 such larvae were rarely observed 
and were not counted; in Exp. 2 they were 
more numerous and were counted separately. 

Cross-bred pigs (Hampshire X Yorkshire) 
were used; they were 12-14 weeks old in Exp. 
1, and 5-8 weeks old in Exp. 2. Each experi- 
mental group was housed in a separate pen 
containing a feed hopper to which the pigs 
had unrestricted access. The pigs and the 
feed hoppers were weighed every few days. 

Experiment 1. Eight pigs were exposed to 
73,000 larvae each (2,150-3,320 larvae per kg 
of body weight). Medication was applied for 
selected periods, and necropsy was performed 
on the 26th or 27th days after exposure. Sam- 
ples were taken from (a) the diaphragm, (b) 
the basal portion of the tongue, together with 
both masseters, (c) the abdominal body-wall, 
(d) the inter-costal muscles, (e) the longissi- 
mus dorsi, subsequently referred to as “back” 
muscle, and (f) the muscles of the femoral 
area, hereafter termed “ham”. A 15 g aliquot 
of each ground sample was digested and 
counts were made of the larvae recovered. 
For 1 pig in each group, additional 25 g 
aliquots of diaphragm and masseter/tongue 
were digested to test the reliability of the 
method used ; these samples yielded approxi- 
mately the same number of larvae per gram 
as did the 15 g samples from the same pigs. 

Prophylactic. Two groups, of 2 pigs each, 
were fed a diet containing 0.01% and 0.1% 
thiabendazole, respectively. The medicated 
diet was administered for one day prior to ex- 
posure to T .  spiralis, and was provided con- 
tinuously until the 6th day after exposure. 
Therapeutic. Two pigs were fed diet con- 
taining 0.1 5 70 thiabendazole beginning on 
the 5th day of infection and ending on the 
12th day. 

Experiment 2 .  Twenty-four pigs were di- 
vided into 6 groups of 4 pigs each. Twenty 
pigs were inoculated orally with 140,250 T .  
spiralis larvae each (14,760 to 29,220 larvae 
per kg of body weight). Prophylactic. Two 
groups of pigs received diet containing 0.01% 
and 0.1 % thiabendazole, respectively, for a 
period of 9 days, beginning 2 days before ex- 
posure to infection. At  necropsy, 39 or 40 
days after exposure, the entire diaphragm of 
each pig was removed and ground, as also 
were large pieces of abdominal muscle and 
ham. For each pig a composite sample of 
ground tissue consisting of 25 g diaphragm, 
25 g abdominal muscle and 50 g ham was di- 
gested. In the smaller pigs 25 g represented 
almost the whole diaphragm. Therapeutic. 
Two groups of pigs were fed diet containing 
0.3% thiabendazole, beginning on the 14th 
and 28th days after exposure to infection, re- 
spectively. In each group medication was 
continued for 1 week, and the pigs were killed 
46 days after exposure. “he sampling of 
muscle and counting of larvae were carried 
out as in the prophylactic part. 

Results. Experiment 1.  Prophylactic. The 
necropsy findings (Table I) indicate that the 
feeding of 0.01% thiabendazole was ineffec- 
tive in preventing trichinosis in swine. The 
diet containing 0.1 % thiabendazole provided 
complete prophylaxis in one pig (No. 618) 
while the other pig (No. 617) had a barely 
detectable infection. Therapeutic. No evi- 
dence for a therapeutic effect was obtained, 
since there was no significant difference be- 
tween numbers of larvae recovered from the 
pigs fed 0.15% thiabendazole and numbers 
recovered from the control pigs. 

Experiment 2 .  The infection proved to be 
overwhelming for the smaller pigs, 5 of which 
succumbed. Two of these (Nos. 762 and 
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764) were in the “therapeutic” groups but 
died before treatment had been started and 
are therefore listed in Table I1 as “infected 
controls”. Three of the pigs, Nos. 762, 800 
and 764, died on the 12th, 13th and 15th 
day, respectively, after exposure, and their 
intestines were found to harbor approximately 
2 8,000, 7 7,000 and 53,400 adult Trichinella, 
respectively. The 4th pig, No. 786, was pros- 
trate on the 24th day; it was kept alive by 
bottle feeding, but continued to lose weight 
and was killed on the 28th day when mori- 
bund. The intestine of this pig yielded ap- 
proximately 1200 adult Trichinella, while a 
muscle sample was estimated to contain 16.- 
758 larvae per gram. Prophylactic. The num- 
ber of larvae recovered per gram of com- 
posite muscle sample is recorded in Table TI. 
None of the pigs receiving 0.01 ‘/. thiabenda- 
zole died, though only one of them (No. 748) 
made appreciable weight gain during the ex- 
periment. At necropsy the 3 smallest pigs 
had numbers of larvae comparable to the 
numbers in some of the control pigs, but the 
heaviest pig had fewer larvae. 

To test the infectivity of the larvae recov- 
ered from one of the pigs fed O.Olc/c thiabm- 
dazole, 2 mice were each inoculated orally 
with 975 larvae from Pig No. 743. At ne- 
cropsy 23 days later, the mice were found to 
harbor only 270 larvae per gram of carcass. 
Five mice, each given 1,680 larvae from con- 

trol Pig No. 786, subsequently yielded 7,710 
larvae per gram. I t  can be concluded that 
the larvae from the treated pig were infective 
for mice. 

There were no deaths among the pigs re- 
ceiving 0.1 c/c thiabendazole, and they all 
gained weight steadily throughout the experi- 
ment. At riecropsy 40 days after exposure, 
3 of the pigs were apparently free of larvae, 
since none could be demonstrated in the Sam- 
ples of diaphragm, abdominal muscle and 
ham. The 100 g sample of muscle tissue from 
the 4th pig (No. 742) yielded 2 larvae per 
gram. 

Thcrapezrtic. One pig (KO. 789) had lost 
0.7 kg in weight when treatment was started. 
Within 2 days after treatment had started, 
this pig was prostrate, and it died on the 22nd 
day after exposure, 1.5 kg lighter than its 
initial weight. I t  is unlikely that this pig 
ate much of the medicated diet, and 3,192 liv- 
ing larvae per gram were rceovered from the 
sample of tissues taken post mortem. How- 
ever, an almost equal number of dead larvae 
( 2 ,5 74 per gram) was recoverzd, suggesting 
that the pig consumed enough thiabendazole 
to kill a considerable proportion of the larvae. 
The recovery of so many dead larvae, as com- 
pared to the numbers recovered from the 
other treated pigs, probably resulted from the 
fact that Pig No. 789 died and was examined 
at  the end of the treatment period, without 
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TABLE 11. Expt. 2; Prophylactic and Therapeutic Effect of Thiaben(1:izole on a Sevcrc 
Infcctioii of T. spirulis i n  Swine. 

Mean daily 
coiisuiiiption r-------E~(ly w t  (kg)------ 

Thiabenclazole Kg n t a t  at Larvae per g 
in diet feed "dikg Pig No. exposure 2 wk 5 wk of sarnplet 

None ; 
lion-inf ected 
controls 

None ; 
infected 
controls 

. O l % )  
(lays-2 to +7 

.I% 
days -2 to  +7 

.S%, 

.3%, 
days 28 to 35 

days 14 to  22 

732 
747 
780 
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.575 - 740 
750 
786 
800 
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764 
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6.0 
9.5 
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7.3 
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11.8 
7.0 
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* Dead or moribund before scheduled necropsy. 
t Percentage of dead larvae given in parentheses. 

the usual week's holding period. The surviv- 
ing pigs (Nos. 737 and 751) yielded very 
small numbers of larvae at necropsy. It 
should be noted, however, that these pigs 
were initially heavier than average, and had 
made substantial weight gains before treat- 
ment. Nonetheless, there is little doubt that 
the very small yield of larvae from these 2 
pigs was the result of chemotherapy. 

In  the group of pigs fed 0.3% thiabenda- 
zole from the 2Sth to the 35th day, 2 pigs 
had made very poor weight gains by the time 
treatment was begun. Although the poor 
physical condition and small weight gains of 
2 of the pigs indicate that their infection was 
initially very heavy, relatively few larvae 
were recovered at necropsy from the muscle 
samples from each pig in the group. 

The live larvae recovered from the pigs fed 
thiabendazole therapeutically were smaller 
than those from the control pigs. Measure- 
ment of several larvae from Pig. No. 737 in- 
dicated that they were approximately 25% 
shorter, and noticeably thinner, than control 
larvae. Larvae recovered from each of the 

6 pigs in the therapeutic trial were fed to 
mice to test their infectivity. Five mice each 
inoculated with 1,OOO larvae from Pig. No. 
789, yielded 6,600 larvae per gram of carcass 
at necropsy 38 days later. Five groups of 10 
mice were inoculated with 200-270 larvae per 
mouse, from each of the 5 remaining pigs. 
At necropsy 23 days later the pooled dia- 
phragms from the mice in each of the groups 
(exposed to larvae from Pig Nos. 737, 751, 
734, 783 and 785) yielded 0, 0, 0, 8 and 0 
larvae, respectively. 

Discussion. Thiabendazole provided a 
high degree of protection to swine exposed to 
moderate or severe infections of trichinosis. 
Unpublished experiments with mice have 
shown that a diet of 0.1% thiabendazole is 
fully effective when fed for only one day be- 
fore exposure to 2'. spirazis, until one day 
after exposure. Furthermore, thiabendazole 
removes the worms from the intestines of mice 
only if administered within one day after in- 
fection. These findings suggest that the 7- 
or 9-day medication period employed in the 
studies on swine was unnecessarily long, since 
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the prophylactic effect of thiabendazole ap- 
pears dependent upon the presence of the 
drug at time of exposure. 

The feeding of thiabendazole to swine also 
exerted a distinct therapeutic effect. The 
data in Exp. 2 demonstrate that many Trichi- 
nella larvae were killed in the muscles of the 
treated pigs. The number of larvae in the 
tissues of the pigs fed 0.3% thiabendazole 
was reduced by more than SO%, as compared 
to the surviving untreated control pigs. The 
recorded numbers of dead larvae are perhaps 
minimal, since their persistence in the host 
muscle, and their ability to withstand arti- 
ficial digestion, are uncertain. 

Larvae were present in the swine fed 0.15 % 
thiabendazole beginning on the 5th day. 
Since a proportion of the adult Trichinella 
worms persists in the intestine of swine for 
several weeks, it is quite probable that in 
Pig Nos. 612 and 620 some larvae were shed 
after thiabendazole medication had been dis- 
continued. Such larvae, however, would have 
had a period of only 2 weeks in which to de- 
velop, before necropsy, and therefore might 
not have survived the digestion procedure 
(4 ) .  Similarly, in Exp. 2, it is conceivable 
that the larvae recovered from the pigs 
treated from the 28th to 35th day had been 
deposited after treatment. In pigs 737 and 
751, treated from the 14th to 21st day, the 
female worms in the intestine at  the end of 
medication might have deposited larvae which 
would have had about 3 weeks’ development 
before necropsy. The small size and lack of 
infectivity of larvae recovered from pigs 737 
and 751 could thus be attributed either to the 
direct effect of thiabendazole on the larvae, 

IN THYROID GLAND 

or to the drug’s effect on the reproductive 
processes of the adults. 

Summary. Pigs fed a diet containing 0.1 o/o 
thiabendazole and exposed to larvae of T .  
spiralis developed either no infection or an 
infection of negligible severity. A concentra- 
tion of 0.01% thiabendazole in the diet did 
not prevent pigs from acquiring trichinosis, 
but no mortality occurred when the pigs were 
exposed to huge numbers of TrichineZZa lar- 
vae during the period of medication. A mod- 
erate experimental infection of trichinosis was 
not eradicated by feeding 0.15% thiabenda- 
zole for 7 days, beginning on 5th day of in- 
fection. Pigs fed 0.3% thiabendazole for 7 
days, beginning 2 or 4 weeks after exposure 
to massive infections, suffered no mortality, 
while 4 of 6 untreated pigs died. The data 
further indicate that the majority of the 
Trichinella larvae in the muscles of the 
treated pigs were killed by the medication 
employed. 

The authors wish to express their gratitude to 
Messrs. R. K. Hartman and J. V. Collette for tech- 
nical assistance. The strain of T .  spiralis used was 
obtained from Drs. H. W. Brown and Kathleen 
Hussey, Columbia University. 

1. Brown, H. D., Matzuk, A. R., Ilves, I. R., 
Peterson, L. H., Harris, S. A., Sarett, L. H., Egerton, 
J. R., Yakstis, J. J., Campbell, W. C., Cuckler, 
A. C., 3. Am.  Chem. SOC., 1961, v83, 1764. 

2. Cuckler, A. C., J .  Purusitol., 1961, v41, Sec. 2, 
36. 

3. Campbell, W. C., ibid., 1961, v47, No. 4, Sec. 

4. McCoy, 0. R., Am. J .  Hyg., 1934, v20, 169. 
2, 37. 

Received January 29, 1962. P.S.E.B.M., 1962, v110. 

Seasonal Variation in Thyroid Gland Activity in Deemice.* (27444) 

B. E. ELEFTHERIOU~ AND M. X. ZARROW 
Department of Biological Sciences, Purdue University, Lufayette, Ind. 

Changes in the morphology, activity and 
iodine content of the thyroid gland of many 
species of wild and domestic animals( 1-7) 
have been reported with changes in the sea- 
son. Heretofore, however, seasonal studies Laboratory, Bar Harbor, Maine. 

on the thyroid gland of closely related, inter- 
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