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PHENYLTHIOCARBAMIDENON-TASTING AMONGCONGENITAL
ATHYROTICCRETINS: FURTHERSTUDIES IN AN

ATTEMPTTO EXPLAIN THE INCREASED
INCIDENCE *

By THOMASH. SHEPARD, IIt

(From the Department of Pediatrics, University of Washinigton, Seattle, Wash.)

(Submitted for publication March 17, 1961; accepted May 18, 1961)

Phenylthiocarbamide (PTC) is a chemical com-
pound which is bitter-tasting to approximately 70
per cent of white North Americans (1). The
remaining 30 per cent has a discrete reduction in
taste threshold. This non-tasting trait is inherited
as a probable mendelian autosomal recessive
(2-4). A common thiionamide group structurally
relates phenylthiocarbamide to thiourea, propyl-
thiouracil and goitrin (see Figure 1). These four
substances are also similar in their ability to in-
terfere with the synthesis of thyroid hormone, an
action which leads to thyroid hypertrophy.

PTC non-tasting has been shown to be more
common in adult euthyroid patients with goiters
(5, 6). In a preliminary report (7), we have pre-
sented evidence that the incidence of non-tasting
among congenital athyrotic cretins is significantly
increased. The purposes of the present communi-
cation are to relate the taste threshold of these
cretins to their intellectual development, birth
weight, birth month, and race, to describe more
fully the methods and clinical findings, and to
demonstrate that the distribution by taste thresh-
olds for goitrin, a naturally occurring goitrogen,
is simliar to phenylthiocarbamide.

METHODS

The subj ects and controls were tested by the author
with 14 concentrations of phenylthiocarbamide, and the
method used was that of Harris and Kalmus (8). Di-
lution 1 contains 1.3 mg of PTC per ml; each subse-

* Supported by Playtex Park Grant 74TR, National
Institutes of Health Grant RG 6329CL and an Institu-
tional Research Grant to the University of Washington
by the American Cancer Society. Presented in part to
the Society for Pediatric Research, Swampscott, Mass.,
May 4, 1960, and at the First International Congress of
Endocrinology, Copenhagen, Denmark, July 19, 1960.

t Present address: Dept. of Anatomy, College of Medi-
cine, J. Hillis Miller Health Center, Univ. of Florida,
Gainesville, Fla.

quently numbered solution is one-half the strength of
the preceding concentration. If a subject is able to taste
only one of the concentrated solutions (1 through 4), he
is designated a non-taster, whereas if his threshold is at
dilution 5 through 14, he is a taster. Plastic squirt bottles
facilitated the procedure. By testing the parents first,
the interest and cooperation of the child was often stimu-
lated. For the adults, the taste threshold was deter-
mined by finding the weakest concentration at which they
could differentiate 4 beakers of water from 4 beakers of

Thiourea
H2N-C -NH2

Propylthiouracil S
CH3-CH2-CH2- CH-CH2--C=O

I I
NH-C-1NH

S
Phenylthiocorbomide

P.T.C. NH-C-NH2~~S
Goitrin

CH2=CH-CH-CH2

C1H
S

FIG. 1. CHEMICAL FORMULASOF THE PERTINENT

THIONAMIDES.

the test concentration. In children and infants, the con-
centration of solutions was increased until bitterness was
detected by vocal response and grimace. This was re-
peated in most instances until the threshold was estab-
lished by 3 responses at the same concentration. In Fig-
ure 2 the reproducibility of the test in children is il-
lustrated. The average age in this group was 7.0 years.

Thresholds for taste of propylthiouracil, thiourea and
goitrin'1 were determined in adult volunteers by eliciting

1 The goitrin was in the d,l form and was a gift from
Dr. M. R. Altamura of the Pioneering Research Division,
Quartermaster Research and Engineering Center, United
States Army, Natick, Mass.
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FIG. 2. REPRODUCIBILITY OF PTC THRESHOLDS IN
CHILDREN. The circled points indicate retested athyrotic
cretins.

a response on 3 serial passages through the endpoint.
The concentrations used are detailed in Figures 5, 6, and
7.

An analysis of the maternal dietary intake of anti-
thyroid foods was undertaken by the use of questionnaires.
The number of monthly servings for 20 substances was
estimated by the mother for the usual diet and compared
with the diet during pregnancy. Ten of these 20 foods

TABLE I

Foods in maternal diets investigated by questionnaire

Antithyroid Goitrin
effect isolated

Food (10, 11,13) (9, 11, 12, 14)

Rutabaga + +
Turnip + +
Cabbage i +
Brussel sprouts -

Broccoli +
Peaches +
Pears +
Strawberries +
Spinach +
Peanuts A
Carrots +
Corn
Cauliflower
Pickles
Peas i
String beans ±
Soybeans +
Milk +* +*
Lettuce 4
Mustard

* When goitrin-containing substances were administered
to the cow.

are known to contain goitrin or to be thyroid-inhibiting
in man (9-14) (Table I). Responses were obtained
from 27 of the 30 mothers of cretins, and they were com-
pared with 17 similar questionnaires completed by
mothers of mentally retarded children.

BLE II

Summary of clinical findings

Treatment PTC threshold
Birth Age Birth Typical before 24-Hr

Case Sex date tested wt history 6 mo IQ PBI I131 Patient Mother Father Siblings

mo/yr yrs mos g
1 F 9/52 6 10 2,380
2 F 8/58 1 2,380
3 M 7/55 4 2,870
4 F 6/55 4 1 3,150
5 F 5/55 4 2 3,600
6 F 10/57 1 9 5,100
7 F 1/54 5 6 3,820
8 M 1/56 3 6 1,920
9 F 9/55 3 10 3,490

10 F 9/58 11 3,150
11 F 9/46 12 3,610
12 F 6/57 2 2 4,080
13 F 2/47 12 6 3,080
14 F 10/57 1 10 4,600
15 M 5/56 3 3 3,600
16 M 5/56 3 3 4,200
17 M 1/58 1 8 3,100
18 F 9/55 4 3,610
19 M 1/56 3 8 2,950
20 F 11/53 5 10 3,610
21 M 1/58 1 8 3,940
22 F 5/55 4 5 3,200
23 F 1/47 12 8 2,950
24 F 3/53 6 6 3,820
25 M 2/56 3 6 4,170
26 F 8/47 12 1 3,220
27 M 12/51 7 9 4,000
28 F 12/50 8 9 3,440
29 F 8/49 10 1 3,900
30 M 9/44 15 4,000
31 M 6/47 12 3 3,060

++
+
+

+

+
++

+

- 50
+ 109
+ 78
- 64
+ normal*
+ 52
+ 85
- 38
+ 100
+ normal*
+ 74
+ 50-60
+ 117
+ 124
+ 95
+ 113
+ low normal*
+ 82
+ 60
_ 38
+ low normal*
- 106
+ 101
+ 85
+ 92
- 60
+ 105
+ 48
- 83
- 60
- 85

jug/10O ml

3.2
3.2
2.7

3.5

2.8
3.1
2.3

1.0

1.6
2.2
1.0
1.2
1.0
1.0
0.6
1.0

0.8
2.0

3.4

3
0.3
3.3
0

1.6
0
6.1

1
10

8
8

low
0

low

low
low
lowv

? 5 8
5 7

3 10
? 11 9
1 1 3

1 1
5 6
? 4 10

2 8
1 1 7
1 1 6
6 8 9
1 1
8 11 5
6 10 7
7 10 7
2 1 7
1 4 4
1 7 1
? 8 1
5 9 10

1 1
2 1 1
8 9 7

1 1 1
1 8 1
1 1 2
1 9 1
1 7 8
1 1 1

* Not tested by formal psychometric examination.
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The psychometric evaluations of intelligence were per-
formed by different examiners in 27 of the patients.
The remaining 4 children were not formally tested.

Correlation coefficients and x2 tests were calculated
with the formulas of Edwards (15).

Clinical material. The 31 congenital athyrotic cretins
and their families were from the clinics of university hos-
pitals in several sections of North America.2 The diag-
nosis was based on typical signs and symptoms of cre-
tinism which appeared during the first 4 months of life.
All of the patients had a history of enlarged tongue,
myxedema, umbilical hernia, growth arrest, and dramatic
response to thyroid therapy. If the history suggested an
acquired type of cretinism (i.e., cutting teeth or normal
growth and development during the first year), the pa-
tient was classified before taste testing as having ac-
quired hypothyroidism. In 25 of the 31 congenital
athyrotic cretins studied, either a serum protein-bound
iodine or an I"'-thyroidal accumulation, or both, sup-
ported the diagnosis (Table II). There were 20 females
and 11 males; Subjects 24 and 25 were brother and sister.
Only one child was living in a school for the mentally
handicapped.

The control group consisted of adults working in the
University of Washington Medical School and children
attending out-patient clinics of the University Hospital,
and the Children's Orthopedic Hospital of Seattle. None
of the controls had thyroid disease.

c B. Cretins

0

..

E C.

t 20- Parents

Cretin

I0-

II II|

, of
IsI

m.11..

Dil. 3 5 7 9 11 13

mgm.1ml 1. n~o N>) m SA 400 N~

FIG. 3. THRESHOLDDILUTIONS OF PTC FOR THE MEM-
BERS OF THREEGROUPS. Dilutions 1 to 4 designate a non-
taster; dilutions 5 to 14 designate a taster.

RESULTS

Athyrotic cretins. The results of PTC testing
are shown in Table II and Figure 3. In four of
the cretins, the threshold could not be accurately
determined. Of the remaining 27, 18 were non-
tasters and 9 were tasters; in the control group,
which consisted of 42 adults and 62 children, there
were 29 non-tasters (Figure 3). The incidence
of non-tasting in the cretinous group was signifi-
cantly elevated [X2 = 22.0, degrees of freedom
(D.F.) = l, p <0.001].

In a group of 13 children with acquired hypo-
thyroidism, 4 were PTC non-tasters. Three of
the 13 children had a goitrous form of cretinism
and were tasters.

The intelligence quotients of the tasters are com-
pared with the non-tasters in Figure 4. There

2 Subjects 1-11 were from the Pediatric Endocrine
Clinics of the University Hospital and of the Children's
Orthopedic Hospital, Seattle, Wash.; 12-16 were made
available by Dr. Geoffrey Robinson, Dept. of Pediatrics,
Univ. of British Columbia, Vancouver, B. C.; 17-21
were from the clinic of Dr. John Crigler, Dept. of Pedi-
atrics, Harvard Medical School, Boston, Mass.; 22-31
were from the clinic of Dr. Lawson Wilkins, Dept. of
Pediatrics, Johns Hopkins Hospital, Baltimore, Md.

was no statistically significant correlation between
the IQ rating and PTC-tasting threshold, but 7
of the 15 non-tasters had a ratio below 80 whereas
only one of the 8 tasters was below 80. When the
9 patients who were treated after 6 months of age
were excluded from the sample, there was no in-
crease in significance of correlation.

No relationship between taste status and the
year or month of birth was noted.
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FIG. 4. INTELLIGENCE QUOTIENTS OF THE FORMALLY
TESTED CRETINS ARE COMPAREDWITH THEIR PTC THRESH-

OLD.
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Although the average birth weight in the non-

taster group was 3,465 g as compared with that of
the tasters (3,845 g), the difference was not
significant.

Families of the cretins. The incidence of PTC
non-tasting among the parents was significantly
elevated (X2 = 21.6, D.F. = 1, p < 0.001). Of
30 mothers who were tested, 15 were non-tasters
and 12 of the 27 tested fathers were non-tasters;
18 of the 29 unaffected siblings were non-tasters.

All of the parents were Caucasian but one, who
was Negro. One parent was of Mediterranean
ancestry; the remainder were descended from per-

sons who had migrated from northern European
countries.

1.3
4 .65

S .325
.1625-

,,, .08125-

.° .04063
.02032

% .01016
& .00508

.00254
k .00127-

.06

.00064

* **

**000 r-= .919
* p= <.O0O

O"

0.05 0.2 1.0
Propylthiouracil, mgm/ml.

-7

11

-3

-5

-7 CZ:)

II

1 3

FIG. 6. COMPARISONOF TASTE THRESHOLDSFOR PTC AND

PROPYLTHIOURACIL.

1.3
_ .65

.325 -

.1 625 -

S .08125-
I .04063-

; .02032-
.01016-

a .00508-

c=> .00254-
(.3 .00127-

CQ .000641

* * "O F
.

.

*5 .4
* 0*

0.0 0

0

r= +.896
p= < .001

(n
CZ

*/E*{E*//* * 13
.05 .2 .5 1.0 1.0

Goitrin mgm./ml.
FIG. 7. COMPARISONOF TASTE THRESHOLDSFOR PTC

AND d,l GOITRIN.

Of the total number of 99 pregnancies reported
by the mothers, 12 (12.1 per cent) ended in abor-
tion.

Thyroid disease in the parents was assessed by
history and, where possible, augmented by exami-
nation of the subject's neck; in four, clear evi-
dence of thyroid hypertrophy was evident. One
of these parents had been thyroidectomized for
hyperthyroidism; the others were euthyroid.

An analysis of the questionnaires covering ma-
ternal dietary intake of antithyroid foods revealed
that the mothers of cretins showed no differences
from the control group of mothers of mentally re-
tarded noncretinous children.

Taste thresholds for other thionamides. The
taste thresholds for thiourea, propylthiouracil and
goitrin were compared with the PTC thresholds
in the same volunteers. In each case, a significant
positive correlation was obtained. The correla-
tion coefficients and concentrations used are de-
tailed in Figures 5, 6 and 7.

DISCUSSION

Although attempts to define PTC non-tasting
biochemically or physiologically (16, 17) have
been made, no definition has been firmly estab-
lished. The perception of PTC is localized to the
group of taste buds on the posterior aspect of the
tongue. Harris and Kalmus (18) have previously
shown that other thionamides such as thiourea
and propylthiouracil exhibit the same taste dif-
ference as PTC. Our findings support their ob-
servations and extend this group of thionamides

1754
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to include goitrin (1-5-vinyl-2-thio-oxazolidone)
which is a naturally occurring antithlyroid sub-
stance (9-14).

A significantly increased incidence of PTC non-
tasting has been demonstrated in this group of
athyrotic cretins. Because the non-tasting trait
is a probable mendelian recessive (2-4), the find-
ing of an increased incidence of non-tasting among
the parents and among the siblings helps to ex-
clude the possibility that the testing is inaccurate
due to the lowered mentality among cretins.
Fraser (19) has tested with PTC 17 of 28 children
with a presumptive diagnosis of athyrotic cre-
tinism; 15 were non-tasters.

If cretinism is more commonamong non-tasters,
one would expect fewer cases of congenital hy-
pothyroidism in populations with a lowered in-
cidence of the trait. Non-tasting occurs in only 2
to 10 per cent of the Negro race as compared with
an incidence of 30 per cent in non-colored North
Americans (20). Publications by Scott and
Jenkins (21) and by Childs and Gardner (22)
have emphasized that cretinism is uncommon in
the Negro race. Scott (23) reports that only
two cretinous patients have been admitted to the
Pediatric Service of Freedman's Hospital during
a 20-year period. A high proportion of patients
in this hospital is colored. Childs and Gardner
(22) observed only two Negroes in a group of
90 cretins from the Johns Hopkins Hospital.
The author has been unsuccessful in learning the
incidence of cretinism in other racial populations
which have a high percentage of non-tasters, and
would appreciate receiving information on this
point.

A possible relationship between PTC non-
tasting and other features of cretinism was noted
only in the case of intelligence quotients, but here
the increased intelligence of the tasters over the
non-tasters is only suggestive. It was found that
the five patients examined in British Columbia
(Cases 12-16) were more intelligent and had
normal incidence of PTC tasting. A separate
pediatrician referred each of these patients, and,
therefore, their selection differed from that in the
other groups where the sample included a large
majority of the cretins attending a particular
clinic. It might be natural for an individual pe-
diatrician to refer his most successfully treated

patient and thereby possibly select out a different
group. On the other hand, the histories of these
patients did not differ from the other cretins. It
may be pertinent at this point to mention that
children with a later developing form of cretinism
(goitrous or non-goitrous) had a normal incidence
of non-tasting and generally normal mental de-
velopment.

Hypotheses based on findings. What is the
connection between the PTC non-tasting geno-
type and athyrotic cretinism? Because of the
chemical similarity between PTC and other anti-
thyroid drugs and because of the increased sus-
ceptibility of non-tasting adults to thyroid disease
(5, 6), it is tempting to speculate that the fetus
with non-tasting genotype is more susceptible to
thyroid maldevelopment. Since the non-tasting
state occurs in the normal siblings of the cretins,
the PTC non-tasting by itself does not seem to
account for athyrotic cretinism but may lead to
circumstances which affect organogenesis of the
thyroid. There is no evidence from our question-
ing that the mothers of the cretins have a higher
intake of goitrin-containing foods. It should be
pointed out that, although some vegetables con-
tain significant amounts of goitrin (9-13), Greer
and Deeney have shown that it exists as its gly-
coside, progoitrin (24, 25). Progoitrin which
elicits antithyroid activity (25) is only slightly
better and as a result might be unknowingly in-
gested in large amounts.

A mechanism that might lead to thyroid mal-
development is an inability of the PTC non-taster
to normally detoxify thionamide goitrins such as
goitrin. Maloof and Spector (26) have shown
that the particulate fraction of sheep thyroid cells
has a desulfurating mechanism for the thionamide,
thiourea. Similar preparations from sheep liver
and kidney did not desulfurate. Wehave shown
that a particulate fraction from human thyroid
desulfurates S35-thiourea (27). If the PTC non-
taster were unable to desulfurate thionamides, his
thyroid metbolism might be differentially affected
by these substances.

Although thionamides can cross the mammalian
placenta and exert an inhibiting effect on fetal
thyroid, there is no experimental evidence in
animals (28-37) or in man (37, 38) that they
can prevent thyroid embryogenesis.
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Thie incidence of lion-tasting for phlenylthio-
carbamide (PTC), a mendelian recessive trait,
is significantly increased among congenital athy-

rotic cretins and their families. Speculations to

explain this finding are discussed. There is no

evidence that the maternal intake of goitrogenic
foods was abnormal.

An insensitivity to taste perception for goitrin,
thiourea, and propylthiouracil was demonstrated
in volunteers who were also non-tasters for PTC.
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