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doses of cortisone acetate to immature rats
maintained on a synthetic diet resulted in
retarded growth, alopecia and death. These
effects were largely counteracted by the ad-
ministration of desiccated whole liver when
fed at a level of 10% of the diet. The pro-
tective factor(s) in liver was distinct from any
of the known B vitamins.
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Further Studies on Anti-Thyroxine Effects of Various Compounds.* (19237)

S. B. BarkERr, H. B. Dirks, Jr., W. R. GarLick, aNnp H. M. KL176AARD.
From the Department of Physiclogy, State University of Iowa, lowe City.

The extension by Woolley (1) of the specific
metabolic inhibitor principle into thyroxine
analogues initiated an interest which has been
taken up by other laboratories, reports of
whose work have appeared during the past
few years. Frieden and Winzler(2) expanded
the variety of substituted ethers of 3,5-diiodo-
4-hydroxybenzoic acid, demonstrating special
activity in 4-benzyloxy-3,5-diiodobenzoic acid
and 4-benzyloxy-3,5-diiodophenvlalanine in
preventing the thyroxine-induced acceleration
of tadpole metamorphosis. Maclagan, Shea-
han, and Wilkinson(3) noted interference
with increased metabolic rates caused by thy-
roxine in mice when 4-benzyloxy-3,5-diiodo-
benzoic acid was injected, as well as the di-
methyl acetal of 3,5-diiodoanisaldehyde. As
was also pointed out by Barker e al.(4), the
amounts of inhibitors required for mammalian
experiments were greater than for amphibia.
Cortell(5) was able to cause a considerable
reversal of the thyroxine depression of thioura-

*This work was supported by research grants

from Hoffmann-LaRoche, and from the Central
Scientific Fund of the College of Medicine, State
University of Iowa.

cil-induced hypertrophy of rat thyroid glands
by the use of 2',6"-diiodothyronine. Barker
and coworkers(4) presented the results of
3 different approaches to quantitative evalua-
tion of thyroxine inhibition, two involving
measurement of changes in metabelism and
the third employing the depression of response
to standard estrogen dosages produced by
thyroxine. It was concluded that the thyroid-
ectomized rat maintained at an approximately
normal metabolic level by daily injections of
12 pg of DL-thyroxinet offered a highly sensi-
tive preparation for evaluation of antithyrox-
ine effects. This technic was used by Klit-
gaard and coworkers(6) in their study of
iodinated phenoxyacetic acids, several of
which were found to antagonize the energy
metabolism control of the thyroid hormone,
with greatest activity when iodine was in the
2, 4, and 6 positions in the phenyl ring.

The present investigation was concerned
with a varied group of substances which either
have been reported to show thyroxine inhibi-
tion or might be expected to do so.

t DL-Thyroxine was made available by Dr. K.
W. Thompson, Organon, Inc., Orange, N. J.
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Experimental methods. The general pro-
cedure was that described by Klitgaard ef al.
(6), which should be consulted for details.
The effectiveness of thyroxine antagonism was
calculated as the percentage of return of the
thyroxine-maintained metabolic rate of thy-
roidectomized rats produced by a daily dose
of the compound being studied. These values
were obtained by measuring the oxygen con-
sumption 4 weeks or more after thyroidectomy
and after the athyroid animals had been main-
tained on 12 ug of thyroxine per kg body
weight per day. Metabolic rates were then
determined one week and 2 weeks after com-
mencing administration of the material, and
the 2 values averaged unless there was a con-
tinuing downward trend, in which case the
2-week value was used, or the experiment con-
tinued another week. In order to be as cer-
tain as possible of the genuineness of the
change, the animal’s metabolic rates usually
were determined for several weeks after ces-
sation of drug administration, until plateauing
had occurred. This value was averaged with
the preliminary figure. With the exception of
iodothiouracil, which was fed after thorough
mixing with dry powdered diet, the substances
being tested* were injected subcutaneously,
in saline, propylene glycol (PG) or sesame oil
solution, using 0.5 to 1.0 cc per kg body weight
per day. Dosages of specific compounds are
shown as number of times isomolar with the

1 Thanks are due the following for furnishing
compounds for testing: Dr. M. J. Schiffrin, Hoff-
mann-LaRoche, Inc, for Vit. A palmitate in oil
and in saline. ribofuranoside of 5, 6-dimethylbenzi-
midazole (Ro 2-3930), §,6-dimethylbenzimidazole,
and N- [4-(4'-hydroxyphenoxy)-phenyl}-glycine (Ro-
2-3137); Dr. Cecil R. Kemp, Flint, Eaton and Co,,
for folic acid and Vit. B,y; Dr. R. J. Winzler,
University of Southern California, for 4-benzyloxy-3,
S-diiodophenylalanine; Dr. N. F. Maclagan, West-
minster Medical School, London, for the 3,3-diiodo-
anisaldehyde dimethyl acetal and butyl-3, 5-diiodo-
4- hydroxybenzoate; Dr. Domenick Papa, Schering
Corp., for the rest of the series of 3,5-diiodo-4-hy-
droxyphenyl substituted compounds; Knoll A.-G.
Chemische Fabriken, Ludwigshafen am Rein, Ger-
many, for 3-fluoro-4-hydroxyphenylacetic acid (“Cap-
acin”); Dr. S. C. Wang, State University of Iowa,
for 24.6-triiadophenoxyacetic acid. Commercial
sources were used for the remaining substances.

841

dose of 12 ug of thyroxine injected per kg per
day to maintain normal metabolic rates in
thyroidectomized rats.

Results and discussion. The results ob-
tained are shown in Table I. Each set of data
represent 4 animals, since the metabolism ap-
paratus used was set up for this number.
Control groups of rats, injected with saline,
PG or sesame oil, showed variations from their
basal oxygen consumption values oi about
+10%. When these data were recalculated
as though some potential inhibitor compound
were being evaluated, “‘antagonisms” of —3
to —24% (i.e., “thyroxine-like” action) and
-6 to 421% were obtained, indicating that
differences of less than 20% can probably be
ignored as to be anticipated from spontaneous
fluctuations.

Vit. A (synthetic crystalline material ad-
ministered as the palmitate) revealed unmis-
takable effects at 300 times isomolar, equiva-
lent to 4416 1.U. of vit. A per kg per day.
The depression was somewhat higher at 500x,
and considerably so at 1000x, indicating a
competitive type of inhibition. The effects
were always more marked after 2 weeks of
administration than after one, and the meta-
bolic rates invariably remained depressed for
at least one week after injections were
stopped, a phenomenon probably resulting
from hepatic storage of the vitamin. B-Caro-
tene was less effective than the oil solution of
vit. A, suggesting that conversion to the bio-
logically active form was required. The basis
for these effects must lie outside of the or-
dinary functions of the vitamin, since the ani-
mals were fed a basal diet rich in vit. A; fur-
thermore, the 100x dosage exerted no thyrox-
ine inhibition, even though it furnished 1472
1.U. of vit. A per kg of body weight per day
above the amount in the diet. Several reports
have previously discussed the ameliorating
effects of large quantities of vit. A upon clinical
as well as experimental hyperthyroidism(7,8).
In addition, the inadequate hepatic conversion
of carotene in hypothyroidism has been well
established(9), but it is very doubtful that
these two processes can be related.

Folic acid was found ineffective, and no
effects of vit. B;» could be demonstrated con-
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TABLE 1. Effect of Various Compounds on Oxygen Consumption of Thyroxine-Maintained Thyroideec-
tomized Rats.

Oxygen consumption,

ce 02/100 g/hy
- Inhibitor ~ - — Inhib,
Compound Dosage* Pre-T OnT T 4 inhib. of T, %
Saline only 718  103.7t 96.9 21.3
69.8 97.4t 1039 —23.6
Sesame 0il only . 709 1011t 95.4 18.9
PG only 67.4 99.41 97.5 6
70.1 98.3t 99.2 —3.1
Vit. A palmitate in oil solation 100 709  100.7% 100 2.3
100 68.2 90.9 94.6 —16.3
300 68.2  102.2t 89.1 38.5
500 709  100.7t 92.7 26.8
500 68.2  102.2¢ 88.5 40.3
500 65.8 97.1t 80.4 53.4
1000 68.2 98.7t 75.8 75.1
Vit. A palmitate in saline emulsion 500 65.8 989+ 92.5 19.3
2000 65.8 98.9% 90.1 26.6
B-Carotenc 500 68.6 102.1t 102 3
1000 68.6 102.1% 86.9 45.4
Folie aeid 500 746 102 102.7 —2.6
Vit. Bya 1* 74.6 83.4 83.8 —4.5
10 746  100.1t 98.2 7.5
10 74.6 92.4t 86.9 30.9
10 66.3 96.81 88.9 25.9
Ribofuranoside of 3,6-dimethylbenzimidazole (R, 2-3950) 500 69.3  100.1t 95.9 13.6
5,6-Dimethylbenzimidazole 300 66.3 95 t 91.8 111
3,5-Diiodotyrosine 500 715 91.2 98.5 —37.1
3,5-Dibromotyrosine 500 69.3 96.3t 93.5 104
3,5-Diiodo-2-hydroxybenzoic acid 500 74.6 98.9 91.8 29.2
” 4 i ” 500 74.6 94.4t 88 32.3
4-Benzyloxy-3,5-diiodo-phenylalanine 100 68 94.3% 89.5 18.3
500 68 94.3t 95.8 —5.7
3,5-Diiodoanisaldehyde dimethyl acetal 500 70.1 98.6t  100.7 —7.4
2000 69.8  100.6 93 24.7
Butyl-3,5-diiodo-4-hydroxybenzoate 500 70.7  100.3t 88.7 39.2
500 73.3 98 t 86.2 47.8
2000 68.5 103.1% 89.5 39.3
2.(3,5-Diiodo-4-hydroxyphenyl)-benzoic acid 500 65.7 93.4 92.9 1.8
3,5-Diiodo-4-hydroxyphenylacetic acid 500 64.6 97.2 106.5 —28.5
a-Methyl-3,5-diiodo-4-hydroxycinnamic acid 500 70.7 102.3t 93.8 26.9
«-Methyl-g8- (3,5-diiodo-4-hydroxyphenyl)-propionic acid 500 70.6 98.61 81.6 60.7
%-Phenyl-g- ’ (‘‘Priodax’’) 500 72.1 96.7 86.9 39.8
500 66.7 97.5¢ 93.1 14.3
~-(3,5-Diiodo-4-hydroxyphenyl)-butyrie acid 500 70.7 103 ¢ 92.4 32.8
w-(3,5- " hexoie  ’’ 500 67.8 91.41 84.1 30.9
w-(3,5- ” capric 7’ 500 69.5 100 ¢ 88.6 374
3-Fluoro-4-hydroxyphenylacetic (‘¢ Capacin’’) 500 67.6 96.11 85 38.9
2500 66.2 95.91 88.6 24.6
5-ToQo-2-thiouracil 500 70.9 99.3t 86.8 44
300 72.9  100.3t 92.4 28.8
500 70 102.1% 91.7 32.4
2000 70 102.1t 91.1 34.3
2,4,6-Triiodophenoxyacetic 100 70.8  107.3+  100.9 17.5
100 73.3 95.71 93.5 9.8
300 70.8  108.6t 96.5 32
300 73.3 95.7t 87.4 271
500 73.3 1017t 87.4 50.4
Cholesterol 500 70 103 t 80.2 69.1
N-[4- (4-Hydroxyphenoxy) -phenyl]-glyeine (R,2-3137) 500 729 98.7t 101.6 —11.2

* Doses expressed as molar ratio of inhibitor to thyroxine maintenance dosc; latter was 12 ug/kg/d.
in all instances except the one indicated, which was 6 ug/kg/d. . . i

t These values arc averages of metabolism values after withdrawal and before administration of in-
hibitor.
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vincingly at the low molar ratios employed
(1x to 10x). The larger of these two doses
involved the use of 250 pg B2 per kg per day;
larger quantities were not tried. Several
laboratories have noted that the growth rates
of young rats are adversely affected by inclu-
sion of large amounts of desiccated thyroid
substance in the food mixture, an interference
which could be removed by the addition of
liver to the diet (Ershoff)(10). At various
times, the active substance has been reported
as folic acid and vit. B;». Although it now
seems probable that some other substance may
be concerned (Ershoff)(11), another factor
could be the known increase in requirement
for many substances needed for growth in
hyperthyroid rats (Drill) (12). Since our ani-
mals were not in an active growth phase, such
a complication should not enter. Two prod-
ucts of fragmentation of vit. Bys, the ribo-
furanoside of 5,6-dimethylbenzimidazole (Ro
2-3950) and 5,6 - dimethylbenzimidazole,
proved without effect at 500x, although the
metabolic rates of the animals receiving the
latter compound dropped 44% one week after
injections had been stopped and rose only
slowly over the next three weeks to the pre-
injection level.

Because of its relationship to thyroxine, the
3,5-diiodo-4-hydroxyphenyl substitution has
been placed in many compounds, a high pro-
portion of which exhibit thyroxine antagon-
ism. Outstanding in this regard are the pre-
viously reported 4-benzyloxy-3,5-diiodoben-
zoic acid(2-4) and N-(3,5-diiodo-4-hydroxy-
benzoyl)-3,5-diiodotyrosine(4), as well as
e-methyl-B-(3,5-diiodo-4-hydroxyphenyl)-pro-
pionic acid, butyl-3,5-diiodo-4-hydroxyben-
zoate, «-3,5-diiodo-4-hydroxyphenyl)-capric
acid and y-(3,5-diiodo-4-hydroxyphenyl)-bu-
tyric acid, results of which are shown in Table
1. In contrast, several other compounds also
containing this grouping showed little or no
activity, including 3,5-diiodotyrosine and 4-
benzyloxy-3,5-diiodophenylalanine, the latter
reported highly effective in tadpoles by
Frieden and Winzler(2). A marked species
difference has previously been noted to exist
between the sensitivity of tadpole and rat to
both thyroxine-like and thyroxine-inhibiting
analogues, the former reacting to much smaller
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amounts that the latter(4,13). This differ-
ence may be due partially to the different
criteria used for evaluation, namely, metamor-
phosis in the tadpole and metabolic rate
changes in the rat.

2 - (3,5-diiodo-4-hydroxyphenyl) - benzoic
acid exhibited no thyroxine inhibition, nor did
3,5-diiodo-4-hydroxyphenylacetic,  although
the latter falls structurally between 3,5-diiodo-
4-hydroxybenzoic and y-(3,5-diiodo-4-hydrox-
yphenyl)-butyric acids, both of which exhib-
ited about 33% inhibition. The dimethyl-
acetal of 3,5-diiodoanisaldehyde was found
much less effective than was indicated by the
results of Maclagan, Sheahan, and Wilkinson
(3), that inhibition of 55% of the thyroxine
effect was caused by a molar ration of 900x.
The butyl-3,5-diiodo-4-hydroxybenzoate ex-
hibited a much more pronounced antagonism
than the diiodoanisaldehyde, but appeared less
than would be expected from the 82% de-
crease reported by Sheahan, Wilkinson, and
Maclagan(14) for 460x and 56% for 22x. Its
antagonism in the present series was non-com-
petitive. The English workers used a single
massive thyroxine dose in normal animals,
which we have found a considerably less satis-
factory technic than the maintenance of thy-
roidectomized, wherein changes are followed
over a longer period of time.

“Capacin” (3-fluoro-4-hydroxyphenylacetic
acid), the subject of a favorable report in the
German clinical literature(15), was found to
exert some mnon-competitive inhibition. In
view of the toxicity of the fluoride ion, such an
effect might be due to splitting of the organic
fluoride. Cortell(5) found only thyroxine-like
activity from fluoroiodothyronines, with F
substituted for one or more of the iodines.

5-iodo-2-thiouracil administered orally,
mixed in the diet because of its insolubility in
the solvents employed, produced an appre-
ciable anti-thyroxine action, which appeared
to be non-competitive. 2,4,6-triiodophenoxy-
acetic acid was found to exhibit an increasing
amount of antagonism to thyroxine as the dose
was increased. The 50.4% inhibition obtained
at 500x was, however, appreciably less than the
marked 80% previously reported for this
compound (Klitgaard e? al.) (6).

Because of the well known alterations of
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TABLE II. Summary of Most Active Thyroxine
Antagonists as Studied in this Laboratory.

Inhibi-
Compound Dosage*  tion, %
3-Todophenoxyacetic acid 500 56
2.4-Diiodophenoxyacetic acid 500 46
2,4- i ” 500 67
2,4.6-Triiodophenoxyacetic acid 300 66
Butyl-3,53-diiodo-4-bydroxyhenzo- 500 44
ate
1-Benzyloxy-3,3-diiodobenzoie 1000 66
acid
2-Methyl-3-(3,5-diiodo-4-hydroxy- 300 61
phenyl)-propionic acid
N-(3,3-diiodo-4-hydroxyhenzoyl)- 3500 82
3,5-diiodotyrosine
g-Carotene 1000 43
Vit. A 1000 75
Cholesterol 300 69

* Doses expressed as molir ratio of inhibitor to
thyroxine maintenanee dose of 12 gy pL-form/kg/
.

cholesterol metabolism in hypo- and hyper-
thyroidism, the 69% reversal of thyroxine
effect produced in the single series thus far
attempted is a striking observation. [t am-
plifies the observation of Marx, Meserve, and
Deuel(16) that addition of cholesterol to rats’
diets containing desiccated thyroid would pro-
tect the animals against the deleterious effects
of the large quantities of hormone. Further
exploration is obviously required.

As a general summary of the thyroxine
antagonism work of this laboratory to date,
Table II shows those compounds which have
exerted about 509 or greater interference by
the metabolic technic of survey discussed in
this paper. It can be seen that an inhibitor:
thyroxine ratio of about 500x is required to
produce such an effect, in contrast to ratios in
the neighborhood of 10x and 20x, as reported
by others(2,13). No clear response has ever
been obtained at less than 300x, the very
slight effects at 10x with vit. B,» (averaging
21% inhibition) being merely suggestive. It
is easy to picture a blocking action of com-
pounds containing the 3,5-diiodo-4-hydroxy-
phenyl grouping in accord with the general
principles of specific metabolic inhibition, but
no consistent pattern of response has yet
emerged covering active and inactive positions
in aliphatic or aromatic compounds. A theory
of response to iodinated phenoxyacetic acids
has been evolved(6), to some extent coor-
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dinating the activity of this structure with

that of the diiodohydroxyphenyl radicle dis-

cussed above. The presence of vit. A and
cholesterol in the list of active compounds
indicates a variety of structure which may
require a still more flexible concept of inhib-
itor action than any yet proposed. As re-
cently discussed in a review(17), it is still
impossible to attribute to thyroxine a specific
function in any enzyme system or series of
systems, so the locus of action of any thy-
roxine antagonist must also remain in doubt
for the present.

Summary. (1) The study of compouds in-
hibiting the peripheral metabolic action of
thyroxine in thyroidectomized rats has been
extended to such substances as vit. A, vit, Bis,
cholesterol and a series of aliphatics and aro-
matics carrying the 3,5-diiodo-4-hydroxyphe-
nyl grouping. (2) The compounds found
capable of producing approximately 50% in-
hibition were vit. A, B-carotene, cholesterol,
butyl-3,5-diiodo-4-hydroxybenzoic acid, and
2-methyl-3- (3,5-diiodo-4-hydroxyphenyl!)-pro-
pionic acid. Several other substances were
found to be less active than these. No com-
pound tested was found clearly active as a
thyroxine antagonist at an inhibitor:thyroxine
ratio of less than 300.
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Relation of Sperm Morphology to Genotypically Controlled Variations

in Fertility.

(19238)

M. R. RAJASEKARASETTY. (Introduced by E. T. Engle.)
From the Department of Zoology, Columbia University, New York.

Since the classic investigations of the rela-
tion between sperm morphology and impaired
fertility made by Williams and Savage(l),
Moench(2), and Lagerlof (3), studies of sperm
cytology have provoked great interest and
some controversy.

In the laboratory mouse a number of muta-
tions have been found, which by their inter-
action affect the reproductive efficiency of
the male in various degrees—from almost com-
plete sterility to almost complete fertility,
while their sisters of the same genotype are
normal in fertility. The factors responsible
for this impairment have been described in
several papers from our laboratory(4). Here
it need only be recalled that these mutations
belong to a series of alleles at or near the T
locus in Chromosome 1X. Of these alleles 7
have been studied in some detail. They have
been normally maintained in balanced lethal
lines in which T/t* is tailless and T/t" is
similarly tailless, whereas crosses between
these lines produce compounds t't* distin-
guished by normal tails and impaired fertility
in the males. Examination by Bryson(5) of
spermatozoa from males of one of these gene
combinations, t't', which was completely
sterile, revealed that, although these sterile
males copulated normally and produced a
large number of spermatozoa, about a quarter
of the sperm had abnormally shaped heads,
which were less frequently found in fertile
males. He also logically concluded that the
normal looking spermatozoa of these sterile
males were incapable of fertilization. Re-
cently, spermatozoa have been examined from
males of 2 other gene combinations, t°t*, and

t't%. These males, unlike t°t! males, are not
quite sterile. These “quasi-sterile” males pro-
duce less than 209% the number of young
sired by “normal” males. Attempts to corre-
late percentages of morphologically abnormal
spermatozoa with the breeding efficiency of
such males reveal that, while one may with
some caution distinguish between normal
fertile males and t"t? males whose fertility is
impaired in various degrees, any attempt to
set numerical boundaries to distinguish abso-
lute sterility from quasi-sterility would be
highly misleading.

The average percentage of abnormal sperm
in fertile controls is 8.18 =+ 0.98, in quasi-
steriles 32.20 + 1.14, and in steriles 43.16 =
3.69. While the difference in the average
percentages of abnormals, between quasi-
steriles and steriles, is significant, there is an
overlap in their ranges. There is the further
evidence that there is no correlation between
percentages of abnormal sperms and degree
of sterility. All one could safely say is that
a higher incidence of abnormal sperms indi-
cates lowered fertility, and there is no justi-
fication for treating morphology of sperma-
tozoa as the only diagnostic factor for impaired
fertility. The source of the alterations in the
sperm pathology was sought by the study of
spermatogenesis in quasi-sterile and sterile
males. No major cytological aberrations were
found.

It has become apparent of late that several
different anatomic components of the sperma-
tozoon are significant in evaluating fertility.
With improved staining technics, it is be-
coming clear that nuclear and acrosomal ab-



