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A MPHENONE1 has been found to alter thyroid and adrenal function
,l~jLm the rat and dog. In addition, this compound exhibits a weak pro-
gestation al action on the rabbit uterus and an atypical folliculoid effect
upon the genital tract of the rat (1). Of these multiple endocrinologic ef-
fects the most pertinent to the present report is the capacity of amphenone
to cause a marked depression of adrenocortical secretion in the dog. This
is manifested by a pronounced reduction in the corticosteroid content of
the adrenal venous effluent in the hypophysectomized dog, even in the
presence of high levels of exogenous corticotropin (2, 3).

Studies of the possible effects of amphenone in man were undertaken
in view of the growing clinical interest in the control of endocrine func-
tion in patients with breast cancer (4). Accordingly, the response to
amphenone has been observed in 24 patients with cancer, adrenal hyper-
plasia, or thyrotoxicosis. Special emphasis was laid upon signs of toxicity
and alterations in adrenal and thyroid function.

MATERIALS AND METHODS

The patients studied were hospitalized throughout the investigation on a research
ward. Diet and activity were not limited except as noted in the case abstracts. Quantita-

1 Amphenone: l,2-bis(p-aminophenyl)2-methyl propanone-1 dihydrochloride, original-
ly synthesized by Allen and Corwin, / . Am. Chem. Soc. 72: 117, 1950.
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tive values were determined for a comprehensive series of clinical indices before, during,
and after amphenone administration. These included the following:

I. Adrenal Function
A. Urinary excretion of 17-hydroxycorticoids by the method of Silber and Porter

(7); normal range, 2-10 mg. per twenty-four hours.
B. Urinaiy excretion of 17-ketosteroids by the method of Callow et al. (N); normal

adult range, 4-18 mg. per twenty-four hours.
C. Plasma 17-hydroxycorticosteroid concentration by the method of Silber and

Porter (7) as modified by Peterson et al. (9); normal range 5-25 micrograms per
100 ml.

D. Response to exogenous corticotropin administered either in doses of 100 units of
gel intramuscularly or in closes of 40 ynits given intravenously during either a
4-hour or an 8-hour period.

E. Eosinophil counts.
F. Frequent blood pressure determinations.
G. Serum electrolyte determinations.

II. Thyroid Function
A. Thyroidal I131 uptake in twenty-four hours following a dose of approximately 10

microcuries by mouth; normal range, 15-45 per cent.
B. Serum protein-bound iodine (PBI) concentration by the method of Zak et al.

(10); normal range, 3.5 to 8 micrograms per 100 ml.
C. Basal metabolic rate (BMR).
1). Serum cholesterol level.
E. Blood I131 concentration; all samples were counted in identical thin glass con-

tainers in a well-type scintillation counter.
III. General Metabolic and Clinical Status

A. Complete blood count.
B. Urine analysis.
C. Fasting blood sugar level and glucose tolerance tests.
D. Cephalin flocculation (blood).
E. Thymol turbidity (blood).
F. Serum bilirubin concentration.
G. Total plasma protein level and albumin/globulin ratio.
H. Bromsulphonphthalein retention in forty-five minutes (blood).

Continuous urine collections (in 24-hour specimens, promptly refrigerated) were
maintained throughout the studies.

Constant clinical surveillance was maintained in order to evaluate any evidence of
toxicity as manifested by undue drowsiness, gastro-intestinal symptoms, skin eruption,
discoloration of skin and mucous membranes, or hepatic enlargement. Drugs which de-
press the central nervous sj'stem, especially narcotics, were discontinued whenever
clinically feasible before starting amphenone, in order to obviate potential additive
effects. Amphenone was administered orally in capsules containing 0.125 to 0.5 gram.
Dosage intervals varied between two and six hours.

Photographs and x-ray films were made at appropriate intervals in order to detect
any possible effect upon the primary tumor or metastases.

CASE REPORTS

Table 1 summarizes the effects of amphenone in our series. Abstracts
of 9 of the more completely studied cases follow:
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Case 1

M.C. was a 27-year-old woman with carcinoma of the breast and extensive osseous
and soft-tissue metastases. She had had radical mastectomy, ovariectomy, and x-ray
therapy to the metastatic lesions. Amphenone was given for thirty-six days in dosages of
0.5 to 0.0 grams a day at a rate of 0.5 gram every two to four hours. She experienced
some increase in her previously slight nausea and vomiting and became drowsy. On the
seventeenth day of treatment, c}ranosis without dyspnea was noted and the presence of
methemoglobinemia was confirmed spcctrophotometrically. Liver function tests yielded
completely normal results on the eighth and twenty-seventh days of treatment. How-
ever, on the thirty-fourth day cephalin flocculation was 3 plus in forty-eight hours and
the serum bilirubin level was 8.1 mg. per 100 ml. Oliguria (110-350 ml. per day) appeared
on the thirtieth day of treatment, despite adequate fluid intake. Control serum electro-
lyte and blood urea nitrogen levels had been normal, but on the thirty-fourth day of
treatment the concentration of serum sodium was 111 mEq./L, potassium 5.5 mEq./L,
and blood urea nitrogen 23 mg. per 100 ml., and there was marked edema over the sac-
rum. She was given 300 ml. of 5 per cent physiologic saline intravenously and the serum
sodium level rose to 137 mEq./L, but she expired on the thirty-sixth clay of treatment
The blood pressure had been low (around 100/50) during the episode of hyponatremia.
Dining the last six days of life, the dosage of amphenone was between 0.5 and 2.0 grams
a day.

The urinary 17-ketosteroids remained normal and the urinary corticosteroids slightly
low f().6-2.0 mg. per day) before and during treatment. The effect of intramuscular cor-
ticotropin on urinary corticosteroid excretion was somewhat impaired during amphe-
none therapy, the control rise being from 1.2 to 12.3 mg. per day and that during treat-
ment from 2.7 to 6.2 mg. per day. The thyroidal radioiodine uptake fell from a high con-
trol value of 61 per cent to 5 per cent on the eleventh day of treatment, but correspond-
ing BMR determinations were —8 and + 7 per cent, respectively.

Postmortem examination showed widespread metastatic disease. The liver was grossly
enlarged, weighing 1,650 Gm. It was estimated that no more than 1 per cent of the liver
was displaced by tumor tissue. There were approximately 10 tumor nodules, each 0.5
to 1.5 cm. in greatest diameter in the dome of the liver.

There were several large tumor-laden lymph nodes around the porta hepatis, but the
common bile duct was entirety normal and these nodes did not appear to obstruct the
duct. Histologically, there was evidence of degeneration of many hepatic cells without
inflammatory infiltrate, most severe near the central veins. There were numerous lympho-
cytes and a few polymorphonuclear leukocytes in the portal connective tissue. Xo
marked changes were seen in the kidneys, or urinary tract. The thyroid was small and
most of the follicles were small and contained no colloid. The epithelial cells were tall-
columnar but there was no papillary infolding or tymphocytic infiltration. The pituitary
appeared normal. The right adrenal gland measured 6X7X1 cm. and weighed 15.4
(!m. The cortex averaged 2 mm. in width, the most peripheral zone being yellow but the
remainder being a golden-brown. The left adrenal was abnormal in shape and size,
measuring 0.5X3X2.5 cm. and weighing 19 Gm.; the inferior pole fused with metastatic
carcinoma. There were several 2-3 mm. nodules of metastatic tumor in each adrenal,
lying principally in the medulla. Microscopically all sections showed hyperplasia of the
cortical cells in all three zones, most marked in the fasciculata. There were numerous
foci of large vacuolated cells in the cortex. These contained large amounts of sudanophilic
and doublv refractile material.
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TABLE 1. EFFECTS OF AMPHKXONK

Volume 1(>

Fati:nt

Xo. ' Inits. Age Sex
Diagnosis

Amphenone: dose < Effect on
& duration ' adrenals

Effect

thyroid

1 M.C. ' 27 , F Ca. of breast. 0.5 to 6 Gm./ehy Yes (see i Yes
for 36 davs

E.c.

G.D.

I.C.

C.B.

.I.T.

73 | F Ca. of breast , 2 to 7 Gm./day for
53 days

text). Adre-
nals enlarged
at autopsy j

X o '•

Toxic and other effects

Drowsiness, methemoglobiniMnia, hypo-
natremia, impaired liver fimetion.

Ca. of breast

Ca. of breast

24 M Thyrotoxico-

25 | F ] Thyrotoxico-

R.H. -19 F Exophthal-

N.G. ' 35 , F ! Adrenal ca.

1 to 2 Gm./day for
34 days

500 mg./day for 25

days;
1.5 to 3 Gm./day
for 30 days;
4 Gm./day for 10

days

2 to 3 Gm./day for

21 days

3 to S Gm./day for
21 days

4 Gm./day for 10

days

9 I O.S. 29

1 to 12 Gm./day for
34 days

M Adrenal hy- 2.5 to 4 Gm.'day

10 i S.S. 15 , F

R.E.

A.M.

L.R.

L.T.

W.C.

39

29

55

perpl. & adc- for 15 days
noma

Adrenogen.
syn.

Ca. of breast

Ca. of breast

Ca. of cervix

Ca. of cervix

Ca. of pros-
tate

Yes

Yes Drowsiness, bad dream-*, ? anemia.

Yes , Drowsiness, rash, hyponatremia, heart-
burn, nausea, vomiting, rni'theinoglobi-
nemia.

Yes

Yes

No

Yes

Yes

Yes

Xo

Drowsiness, heartburn, anorexia, nausea,
vomiting, methemoglobinemia, hepato-
megaly.

Slight heartburn. Doses too small and

too infrequent.

Yes Yes Nausea, vomiting, rash, mothemoglo-
binemia.

Yes — Heartburn.

Yes Yes Drowsinsss, nausea, vomiting, methe-
moglobinemia.

Yes Yes Xo toxic symptoms.

3 Gm./day for 5 ! Xot

days

— Heartburn.

1 to 3 Gm./day for
5 days

1 to 3 Gm./day for
4 days

2 to 12 Gm./day for
24 days;
6 Gm./day for 11
days. Stopped 2
days before death

6 to 8 Gm./day for

7 days; same later
for 12 days

3 Gm./day for 5

days;

6 Gro./day for 22

days

Not

Adrenals
enlarged at
a utopsy; rt.
16 Gm., It.
19 Gm.

Not

Drowsiness, dizziness.

Drowsiness, bad dreams.

Drowsiness, methemoglobinemia, im-
paired liver function, rash; bilat. ure-
thral obstruction by tumor at autopsy.

Drowsiness, methemoglobinemia (not
proved spectroscopically) eoainopenia.

— Drowsiness, bad dreams.

* Xot studied.

t Only 17-ketosterokls measured.
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Patient

No. j liiits. Age

EFFECTS OF AMPHENONE IN MAN

TABLE I. {continued)

709

L.I. 20

S X
Diagnosis

20

L.S. 60 ' M

D.S.

S.M. 48

Ca. of cervix

Ca. of pros-
tate

Ca. of breast

F I Ca. of breast

Amphenone: dose
k duration

1 to 6 Gm./day for
20 days; same later
for 15 days

3 to 8 Gm./day for
8 days

3.5 Gm./day for 10
10 days

R.A. I 56 F I Ca. of breast

F.S.A. I 46 ' F I Mult, myelo-

M.P. ! 37 F Ca. of breast

E.M. 70 F Ca. of breast

C.L. 28 F Ca. of breast

2 to 3 Gm./day for
2 days;
3 to 7 Gm./day for
3 days;
6 Gm./day for 2
days;
2-3 Gm./day for 15
days

3 Gm./day for 3
days

1.5 to 4 Gm./day
for 7 days

2.5 to 4 Gm./day
for 14 days

1 to 3 Gm./day for

19 days

1.75 to Gm./day
for 4 days

Effect on
adrenals

Not

Not

No change
17-ketos. or
blood cort.

No change
urinary 17-
ketos. or cor-
ticoids or
blood corti-
coids

No change

in 17-ketos.

Effect

thyroid
Toxic and other effects

Drowsiness, rash; died of metastasis
during second course of amphenone.

— • Drowsiness, weakness, nausea, hypoten-
sion.

No change
in 17-ketos.
or urinary
corticoids

Drowsiness, epigastric discomfort, an-
orexia.

Nausea, vomiting, lethargy, rash.

Nausea, vomiting.

Drowsiness, vivid dreams, rash.

Drowsiness; fewer narcotics, but carci-
noma progressed during ainphenono
treatment.

Extreme drowsiness.

Drowsiness, had dream?

Case 2

E.C. was a 73-year-old woman who had had a radical mastectomy for carcinoma of
the breast in 1926. She had several x-ray treatments after the operation, then had no
further treatment or sign of recurrence until 1945, when she received irradiation to the
left shoulder region for adenocarcinoma thought to be metastatic from the initial lesion.
The carcinoma progressed despite further irradiation and despite several courses of
androgens and estrogens.

In 1954 she exhibited extensive local soft-tissue metastases and a lytic lesion in one
rib. She was given amphenone for fifty-three days in a dosage of 2.0 to 7.25 grams a day
at intervals of three or four hours.

There was no evidence of alteration of the urinary 17-ketosteroid or corticosteroid
levels during treatment, and the eosinophil counts throughout showed no change from
controls. While the patient was receiving the highest dosage of amphenone, there was a

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 21 November 2015. at 06:23 For personal use only. No other uses without permission. . All rights reserved.



710 HERTZ, PITTMAX AND GRAFF Volume 111

marked response of the blood corticosteroid level to administration of eorticotropin (10
jug. before, and 96.6/xg. per 100 ml. after, intravenous injection of 40 units of ACTH over
four hours). The condition of the patient at that time was such that accurate urine
collections could not be made.

There was marked suppression of thyroidal function. The thyroidal radioiodine up-
take fell from 42.5 per cent (control) to 9.5 per cent on the sixteenth day of treatment
and remained at that level throughout treatment. The sixth day after stopping amphe-
none it was 75 per cent, the twelfth day 89 per cent, and the nineteenth day 49 per cent.
On the fifty-first day of treatment, the serum PBI level was 0.5 /ag. per 100 ml. and this
value rose to 4.5 fig. per 100 ml. by the eighteenth day after treatment. There was no
significant change in the cholesterol level or the BMR, both of which remained normal.

The patient became extremely drowsy and confused when receiving the higher dos-
ages of amphenone. There was no significant change in the cutaneous nodules of tumor
during treatment.

Case 8
G.D. was a 71-year-old woman with carcinoma of the breast metastatic to the skull

and to the left cerebellopontine angle, lumbar and dorsal spine, and pelvis. She was
given 1-2 grams of amphenone daily for thirty-four days (except for one day on which
she received only 0.75 gram because of her debilitatated condition) in doses of 0.25 or
0.5 gram every six hours. There was a slight fall in urinary cortieosteroid excretion and
a slight and irregular suppression of the response to corticotropin administered weekly as
ACTH-gel (Fig. 1). Not only was there repeatedly a lower peak level after eorticotropin,
but the maximal response appeared twenty-four hours later than it did during the two
control periods. The large response to corticotropin near the end of the treatment period

6.0.71 J CANCER BREAST

URINARY
CORTICOIDS l 0

mg./24HRS.

FIG. 1. G.D. (Case 3). Effect of amphenone on thyroidal radioiodine uptake, urinary
17-hydroxycorticosteroid excretion, and the response of the latter to injections of corti-
cotropin (ACTH).
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occurred on a day during which she received only 0.75 gram of amphenone. On the
twenty-third day of treatment the patient appeared drowsy, and this progressed to an
extreme degree on the twenty-eighth day of treatment (after which the dosage of amphe-
none was reduced and she improved slightly). On the same day the patient became oli-
guric (output 240 ml.) and the next day the blood urea nitrogen level was 61 mg. per 100
ml., although both the BUN and electrolyte concentrations had been normal during the
control period. The following day after hydration, the serum electrol}rte levels were:
sodium 121, potassium 6.4, carbon dioxide 14, and chloride 105 mEq./L, and BUN 38
mg. per 100 ml. Methemoglobinemia was also demonstrated at this time. On the thirtieth,
thirty-first and thirty-second days of amphenone therapy the patient was given 2 liters
of 5 per cent dextrose and water, 500 ml. of physiologic saline, and 40 ml. of molar lactate
daily by vein. However, the urinaiy sodium level rose from values of 4 and 7 mEq. per
day just prior to this episode, to 60 mEq. per day but the concentration of serum so-
dium and other electrolytes remained unchanged, despite a fall in the BUN to 11 mg. per
100 ml. The day after stopping amphenone she was given 8 grams of salt daily by mouth;
the serum sodium rose from 119 mEq./L on that day, to 138 mEq./L the following day.

The thyroidal radioiodine uptake was markedly depressed as shown in Figure 1. It
was felt that the absence of a rebound to high levels after stopping amphenone was due
to the administration of 2 grams of KSCN by mouth at the end of treatment in an effort
to characterize the nature of the effect of amphenone on thyroid function. The BMR
and serum PBI level remained normal during treatment.

On the eleventh day of treatment with amphenone, a morbilliform pruritic rash ap-
peared on the patient's mid-back, then faded the following day with no specific treat-
ment. She had been receiving chloral hydrate in the evenings and had had an injection
of ACTH-gel three days before, but these medications were later continued without re-
appearance of the rash.

Case 4
I.C. was a 47-year-old woman with breast carcinoma metastatic to the pelvis, spine,

skull, right temporal lobe, and regional lymph nodes. She had suffered a relapse after
cranial decompression, again after a remission with methyltestosterone, and subse-
quently after x-ray therapy to the cranium.

She was given a 26-day course of amphenone in small dosages to find out whether
these amounts had any significant thyroidal effect—receiving only 0.5 gram per day as
125 mg. every six hours. The control thyroidal radioiodine uptake was 26 per cent; this
fell to 16 per cent during treatment (ninth day), but rose again while treatment was con-
tinued to 27 per cent. There was no change in the serum PBI level from the normal range
dining treatment. The thyroidal uptake the day after stopping treatment was 46 per
cent.

After a control period of two weeks, the patient was given 1.5 to 3 grams of amphe-
none daily for thirty days at the rate of 0.5 Gm. every four hours. Corticotropin was
given in a dosage of 100 units of ACTH-gel intramuscularly approximately once weekly.
There was slight suppression of the basal urinary corticosteroid level (Fig. 2), and there
was definite interference with the response to corticotropin during treatment. Also of
note is the temporary rise in corticosteroid excretion to slightly higher than control
levels when amphenone was stopped. The urinary 17-ketosteroids and their response to
corticotropin were unchanged. The thyroidal radioactive iodine uptake fell from 46 per
cent to 5.8 per cent within four days and remained at that level until thyroid-stimulating
hormone was given for four days (10 units daily intramuscularly), when it rose to 34.5

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 21 November 2015. at 06:23 For personal use only. No other uses without permission. . All rights reserved.



712 HERTZ, PITTMAN AND GRAFF Volume 1(1

20

18

16

URINARY 14
C0RTIC0IDS
mg/24HRS. 12

I.C. 4 7 1 CANCER BREAST
I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I 1 I I I I

* J -
-AMPHENONE. gms/DAY , V; .

ACTH

5 10 15 20 25 30 35 4O 45 50

I I I I I I I I I I

FIG. 2. I.C. (Case 4). Urinary 17-hydroxycorticosteroid excretion while receiving
3 grams of amphenone daily. There was definite interference with the response to cor-
ticotropin (ACTH).

per cent. During treatment, the liver was found to be enlarged upon physical examination
(3 to 4 fingers below the costal margin). After omission of treatment, it returned to its
prior smaller size (at the costal margin).

An additional course of amphenone in higher dosage was given two months later, the

I.C. 47$ CANCER BREAST
21

URINARY
17-KS
mg/24H0URS 9

URINARY
CORTICOIDS
mg/24HOURS 3

DAYS

FIG. 3. I.C. (Case 4). Urinary 17-ketosteroid and 17-hydroxycorticosteroid excretion
while receiving 4 grams of amphenone daily. Kote suppression of the urinary corti-
costeroids.

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 21 November 2015. at 06:23 For personal use only. No other uses without permission. . All rights reserved.



June, WoO EFFECTS OF AMPHENONE IN MAN 713

results of which are shown in Figure 3. The patient received 4 grams daily—0.5 gram
every three hours, for ten days. The most striking effect was the complete suppression
of urinary corticosteroids beginning two daj'S after amphenone was started and ending
immediately after it was stopped. Although there was no change in the urinary corti-
costeroids after corticotropin (40 units intravenously over eight hours) during amphe-
none treatment, the serum corticosteroid level rose at this time from 16.3 to 30.4 fxg. per
100 ml. and the eosinophil count fell from 53 to 8 per cu. mm. The serum electrolytes
remained at a normal level during this period and the blood pressure stayed well within
the normal range, although the patient appeared drowsy and pale, and complained of
restlessness, weakness, and general malaise. The urinary 17-ketosteroid level did not
change with amphenone, but showed the usual rise upon administration of corticotropin
during the test period. The salivary Na/K ratio was 13/33 during the control period and
38/16" while the patient was receiving amphenone. A low-sodium (200 mg./day) diet
had been started just prior to the pretreatment period.

The levels of serum cholesterol and PBI remained constant. The thyroidal radioiodine
uptake fell from 48.8 per cent (control) to 4 per cent the second day of treatment, and re-
bounded to 52 per cent six days after treatment was stopped. The patient was later given
sulfisoxazole (Gantrisin) with no apparent effect on the urinary corticosteroid level.
The glucose tolerance curve remained normal but the urinary findings were obscured
by the "3 plus" reducing agent associated with amphenone administration. There was
no change in the results of liver function test. At no time during treatment with amphe-
none did there appear to be any effect upon the metastatic carcinoma, clinically or radio-
logically.

Case 5

C.B. was a 24-year-old man with classic thyrotoxicosis, untreated. The thyroidal ra-
dioiodine uptake was 95 per cent, serum PBI level 11.8 /xg. per .100 ml., BMR +43 per
cent, and total serum cholesterol level 120 and 130 rag. per 100 ml. He was given 2 grams
of amphenone a day at first—0.5 gram every six hours. Although he said he felt calmer
and slept better, the indices of thyroid function did not change significantly over a period
of nine days. The dosage was then increased to 0.75 gram every six hours, for another
twelve and a half days, but no further change was observed except a rise in the serum
cholesterol level to 141 and 181 mg. per 100 ml. and a fall in the serum PBI level to ap-
proximately 7.0 jug. per 100 ml. on six successive occasions. The radioiodine uptake re-
mained unchanged. There were no changes in urinaiy corticosteroid or 17-ketosteroid
levels or in the eosinophil count, all of which remained normal. Two clays after stopping
amphenone, methimazole was started and the thyroidal radioiodine uptake promptly
fell to zero. The effects of amphenone and thiocyanate were compared by means of a
study of their effects on I131 uptake and release (Fig. 4, upper half). This was done ten
duj'S after starting Tapazole and the I131 was administered four hours after the last dose
of Tapazole. The results indicated that amphenone possesses no thiocyanate-like effect
on iodide trapping by the thyroid.

Case 6

J.T. was a 25-year-old Negress, with thyrotoxicosis. She had previously been treated
with propylthiouracil and had had a relapse after discontinuing the drug four months
before the study. Her thyroidal radioiodine uptake was 100 per cent, BMR+50 per
cent, and serum PBI level 13.1 ug. per 100 ml. She was given amphenone for twenty-
two days. The dosage at first was S grams daily—1 gram every three hours. However,
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she became nauseated and weak and the dose was decreased after two and a half days to
6 grams daily—0.75 gram every three hours. The radioiodine uptake fell to 23.5 per cent
on the seventh day and to 9 per cent on the tenth day of treatment. A thyroidal I131 up-
take curve, determined on the fifteenth day, showed that thiocyanate could cause dis-
charge of the iodide (lower portion of Fig. 4). The serum PBI level fell to 4.5 jug- per 100
ml. on the thirteenth day of treatment. There was no unequivocal clinical change.

The 17-ketosteroid excretion level did not change during amphenone therapy and
the response to corticotropin (40 units of ACTH over eight hours on the seventeenth day
of treatment) was unusually great—the values being 8.1 mg. for the day prior to, and 35.6
mg. for the day of, administration. The corresponding values for urinary corticosteroids

24 YR. OLD / THYROTOXICOSIS ON TAPAZOLE

1800

I6OO

I 1 1 1 1 1 1 1 1

AMPHENONE-B I gm. po. KSCN 2 gm. po.

_34
UPTAKE.

0 40 80 120 160

MINUTES AFTER I1 3 1 .10/ ic.

<CNS,2gm,p.o.

200 21
HOURS

J-T.25S THYROTQXICOSIS
ON AMPHENONE

3200

2800

2400 o
IT

2000 5

1600°.

1200 °i

HOURS AFTER ADMINISTRATION I1

FIG. 4. Effect of amphenone on thyroid function. Upper portion of figure shows fail-
ure of amphenone to discharge iodide in Tapazole-blocked thjToid. Lower portion shows
discharge of iodide by thiocyanate in amphenone-blocked gland.
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were 0 and 2.48 mg. The eosinophil count changed from 405 to 23 per cu. mm.; and the
serum corticosteroid level rose from 8.0 /zg. per 100 ml. before corticotropin administra-
tion, to 29.6 /ig. per 100 ml. afterward. The urinary corticosteroid excretion was de-
pressed to low levels during treatment. Frequent zero levels were obtained, but the
value rose to 2.48 mg. the day of corticotropin administration. Blood pressure, serum
electrolyte concentration, and liver function remained normal, except for a rise in the
liSP retention value to 20 per cent on the seventh day, returning to normal the fifteenth
day of treatment.

A rash developed on the fifteenth day of treatment, but there was no fever. At this
time the patient was receiving no drug other than amphenone and had received no
other drug for a week. The rash was slightly pruritic, diffusely distributed over the trunk,
arms and thighs, was finely papular, and subsided within six days despite continuance of
amphenone for another seven days. Aquaphor aqua applications were the sole form of
treatment.

Case 7

R.II. was a 49-year-old woman who was apparently normal in all respects, except for
moderate exophthalmos and glaucoma of two years' duration. There was puffiness about
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FIG. 5. R.H. (Case 7). Effect of 4 grams of amphenone daily. Note marked rise in
17-ketosteroid excretion without an associated rise in 17-hydroxycorticosteroid excretion
on the first day of administration of amphenone.
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the eyes and ankles. Her BMR was zero. A diagnosis of spontaneous hypothyroidism
had been made twenty years before and she had been taking desiccated thyroid since
that time. The dosage in recent years had been 2 grains dailjr. She had also been taking
Lugol's solution for two years, and had had 1,600 "r" of x-ray irradiation to the pituitary
for the exophthalmos, with no effect. She had never had a thyroid operation or clear
signs and symptoms of thyrotoxicosis. She received 4 grams of amphenone daily for
ten dajrs—0.5 gram ever}' three hours—and then received 3.5 and 4 grams of amphcnone
respectively on two da}'S after an interim of five days. She tolerated this dosage well,
except for slight heartburn which was relieved by taking milk with the amphcnono.

Urinary corticosteroids were suppressed from a level of 5 to 7 mg. per day (control) to
less than 1 mg. per day, with complete absence of any rise either in urinary or serum
corticosteroid levels after administration of 40 units of corticotropin intravenously in
eight hours (Fig. 5). Both serum and urinary corticosteroids had risen normally in re-
sponse to corticotropin in the control period—serum corticosteroids from 10.3 to 20.3
jug. per 100 ml. and urinary corticosteroids from 6.9 to 19.9 mg. per day. The urinary
17-ketosteroids, however, did respond to corticotropin, both before and during amphe-
none administration (before amphenone—6.6 mg. (control) and 10.6 mg. with cortico-
tropin; during amphenone—10.2 mg. and 19.3 mg., respectively). On the first day of
amphenone administration the urinary volume rose to 3,300 ml., the ketosteroid excre-
tion rose abruptfy to 39.4 mg., and then subsided to a normal value the following day.
The urinary corticosteroid excretion on the day of high 17-ketosteroid excretion (Fig. 5)
was .1.44 mg. (control, 5.2 mg. to 7.5 mg. per day). There was no change in the BMR,
exophthalmos, or the patient's appearance. A rise in 17-ketosteroid excretion did not
occur with the second (two-day) course of amphenone.

Case 8

N.G. was a 35-year-old woman with carcinoma of the left adrenal and pulmonary
metastases. She had a rounded face, central obesity, and marked hirsutism but did not
have striae, hypertension, or diabetes. Control urinary 17-ketosteroids varied between
40 and 100 mg. per day, urinary corticosteroids 12 to 24 mg. per day, and serum corti-
costeroids 24 to 34 jiig. per 100 ml. (Fig. 6). The glucose tolerance curve was rather flat
and was unaffected by amphenone treatment. Administration of corticotropin (40 units
intravenously in four hours) did not change the levels of serum corticosteroids or urinary
steroids before treatment, indicating independence of the metastatic tumor from pitui-
tary control.

Amphenone was given in dosages of from 1 to 12 grams a day for thirty-four days, the
patient receiving 8, 10 and 12 grams daily on the last three full days of treatment, and 1
gram the following day. The urinary 17-ketosteroid level did not change with treatment.
The urinary corticosteroid level fell to the normal range by the fifteenth day, when the
patient was receiving 4 grams per day of amphenone, and fell further with increasing-
dosages of amphenone until it finally reached a value of 0 to 3 mg. per day. The serum
corticosteroid concentration, however, remained at the control level during treatment
(Fig. 6). This finding is discussed subsequently.

While the patient was taking 10 to 12 grams daily of amphenone, she was drowsy
and too weak to get out of bed. She then experienced nausea and vomiting and hypoten-
sion (84/60) developed. Methemoglobinemia was evident clinically and was proved
chemically. Serum electrolyte levels remained normal and the weight was constant.
BSP retention rose from 14 per cent (control) to 23 per cent, and the level was 21 per
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FIG. 6. X.G. (Case 8). Effect of amphenonc on steroids of urine and
serum, and on uptake of I131 by the thyroid.

cent five days later; but the other liver function tests yielded normal results, which re-
mained unaltered. There was no change in the x-ray picture of the metastatic pulmonary
lesions throughout treatment.

The thyroidal radioiodine uptake fell from 45.2 per cent (control) to 4.3 per cent on
the twenty-second day of treatment, then rebounded to 82.5 per cent three days after
treatment. The serum PBI level and BMR did not change and, except for lethargy, there
were no clinical signs or symptoms to suggest reduced thyroid function.

Her clinical status at time of discharge on the fifty-third hospital day was the same
as on admission.
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Case 9

O.S. was a 29-year-old man who had been much larger and stronger than his com-
panions in childhood. He had also matured sexually earlier than his companions and had
started shaving around the age of ten years. He had been unusually short all his adult
life, his height now being exactly 5 feet and his appearance quite stocky and muscular.
Bilateral testicular interstitial-cell tumors had been removed on March 30, 1954. Follow-
ing this operation the urinary 17-ketosteroids were found to be elevated, and roentgeno-
grams taken after presacral injection of air suggested bilaterally enlarged adrenals. He
showed pigmentation, hypotension, and weakness suggestive of adrenal insufficiency.
He was given amphenone, 4 grams daily for fifteen daĵ s (except for the first two days,
when he received 2.5 and 3.5 grams) at the rate of 0.5 gram every three hours. The
urinary corticosteroid level had been low during the control period (approximately 0.3
to 2.0 mg. per day; occasionally, 3.0-5.0 mg. per day) and fell to zero on the tenth day
of treatment, rising to the control values when amphenone was stopped. Corticotropin
was administered (40 units of ACTH intravenously over four hours). The blood corti-
costeroid levels in the control period were as follows: immediately before ACTH, at the
end of infusion, and one hour after the infusion 4.8, 2.1, and 10.S /xg. per 100 ml., re-
spectively. During amphenone therapy they were 3.2, 3.7, and 1.5 /zg. per 100 ml., re-
spectively. Rather than a fall, the 17-ketosteroids showed a progressive rise from the
control values of 35-60 mg. per day to 102.6 mg. on the eighth day of treatment, after
which they fell again to the control range while amphenone was continued.

The thyroidal radioiodine uptake fell from 25 per cent (controls) to 2.6 and 2.1 per
cent on the second and fifth days of treatment, with no change in the serum FBI level
from the normal range. Fifteen days after treatment the uptake was 61.6 per cent. The
patient showed no symptoms or signs of toxicity while taking the drug.

DISCUSSION

The extraordinary enlargement and yellowish discoloration of the adre-
nals observed at autopsy in 2 of our patients who had just been receiving
a course of amphenone therapy indicates clearly that this compound
affects the human adrenal in a manner somewhat comparable to that
observed experimentally. In Cases 1 and 13 the adrenals weighed respec-
tively 34.4 Gm. and 35 Gm. The finding of minute metastases in the
medullae of the adrenals in Case 1 reduces only slightly the significance of
such remarkable weights.

This gross adrenal enlargement was accompanied by significant his-
tologic changes similar to those described by Sokoloff et at. (11) and O'Don-
nell et al. (12) in the adrenals of patients treated for prolonged periods with
a high dosage of corticotropin.

These adrenal effects were, however, accompanied by indirect and highly
variable manifestations of suppression of adrenocortical function. Thus
there was a fall in urinary corticosteroid excretion in Cases 1, 4, 6, 7, 8
and 9, and a diminution or absence of a rise after corticotropin administra-
tion in Cases 1, 3, 4, 6 and 7. That these effects were not due to a reduc-
tion in total urinary output, as suggested by Marks and Leaf (13), is clear
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from frequent occurrence of zero corticosteroid values in the presence of
daily urinary volumes of 1,500 to 3,000 ml. (Cases 4 and 8). However, in
some cases very low urinary corticosteroid values were paradoxically ob-
served in the presence of normal blood corticosteroid levels, and even in the
presence of the expected elevation of blood corticosteroid values following
injection of corticotropin (Cases 4 and 6). These paradoxical findings in
some cases leave room for the possibility that amphenone may actually
alter the normal process of degradation and excretion of endogenous corti-
coids. Further studies of the possible renal or hepatic effects of amphenone
are in progress.

The occurrence of oliguria, hyponatremia, azotemia and hyperkaliemia
in Cases 1 and 3 and of hypotension in Cases 1 and 17 may reflect an im-
pairment of adrenocortical function. This is further suggested in Case 3 by
the failure of administered sodium to raise the serum sodium concentra-
tion until after cessation of amphenone administration. Similarly, in Case
4 the salivary ratio of sodium to potassium became reversed under the in-
fluence of amphenone (14), suggesting diminution of salt-retaining ability
during treatment with the drug. Moreover, in a case of adrenal carcinoma
reported elsewhere, marked reduction in urinary corticosteroid excretion
during amphenone administration was associated with marked reduction
in hyperglycemia and glycosuria even during reduced insulin intake (15).
These observations, together with the demonstrated reduction by amphe-
none of the level of corticosteroids in the adrenal venous effluent of the
dog, favor the interpretation that amphenone interferes in some direct
manner with the formation of corticosteroids by the adrenal. The apparent
irregularity of this effect in the human subject may be attributable to
limitations in dosage imposed by the toxic side-effects of amphenone.

Nevertheless, a considerable degree of specificity in the effect upon
corticosteroid excretion may be inferred from the dissociation of this effect
from that upon 17-ketosteroid excretion, which remains either unaltered
or becomes somewhat elevated during amphenone administration (Cases
7 and 9). This dissociation suggests that amphenone may act at a point
in the biosynthesis of 17-hydroxycorticosteroids which is not in the direct
path of the formation of those compounds contributing to the urinary ex-
cretion of 17-ketosteroids as outlined in the scheme suggested by Dorfman
(16).

It should be emphasized that great care was employed to ascertain to
what extent the urinary metabolites of amphenone might interfere with
the chemical determination of urinary corticosteroids, particularly since
the presence of such amphenone metabolites substantially increases the
background color observed during such analyses. Appropriate recovery
tests involving (a) the addition of known amounts of steroid to the urines
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of amphenone-treated patients, (b) the addition of such urines to the
urines of non-treated subjects, and (c) recovery of proportionate amounts
of steroid after addition of increasing amounts of cortisone had been added
to urines of amphenone-treated patients, indicated that such effects would
be too small to account for the changes observed following amphenone
administration. On the other hand, it is possible that suppression of urinary
17-ketosteroids might have been masked by false high values associated
with amphenone administration (20).

Inhibition of thyroidal I131 uptake was observed in 7 of 8 patients studied
in this regard. This effect is in keeping with that reported for other aniline
derivatives (17). The data presented in Figure 4 indicate that amphenone
has no apparent effect upon the iodide-trapping mechanism but interferes

TABLE 2. Toxic MANIFESTATIONS IN 24 PATIENTS

Drowsiness ] 8
Gastro-intestinal symptoms (heartburn, nausea, vomiting) 11
Rash ()
Methemoglobinemia 6
Impaired liver function 2

only with organic binding of iodide. Accordingly, analogues of amphenone
may warrant further study in relation to thyroid therapy.

Patients taking amphenone excrete in the urine a reducing substance,
as yet unidentified, which appears to be a metabolite of the drug. Since
this substance reacts with Benedict's reagent, it may give rise to a false
positive reaction for sugar and other reducing substances. This same ob-
servation has been made on the urine of amphenone-treated rats (18).

Findings in these patients indicate that amphenone also possesses sub-
stantial toxicity, although it should be pointed out that these patients were
usually in a very debilitated state. The most commonly observed toxic
effects are listed in Table 2. The most frequent of these, and the chief factor
limiting amphenone dosage, was drowsiness. This effect was to be antic-
ipated from the animal studies, which had indicated that amphenone
given intravenously can induce surgical anesthesia in the dog and rabbit
(19). Elderly or debilitated patients appear to be more susceptible to the
depressant action than more active or vigorous subjects. One patient (Case
23) became almost completely unresponsive while taking only 0.5 gram
every four hours, whereas another patient (Case 13) was ambulatory while
receiving 1 gram every two hours. However, interval and dosage adjust-
ment permitted satisfactor}' regulation of the level of depression in any
given case.

The high incidence of heartburn with frequent nausea and vomiting
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may have been due to the acidity of the compound. These symptoms ap-
pear to be attributable to primary gastric irritation, since they begin
shortly after ingestion of'the drug and are readily relieved by ingestion of
milk or antacids.

The occurrence of methemoglobinemia is to be anticipated following
administration of a compound of the structure of amphenone. The
methemoglobin concentration in 1 patient (Case 13) reached 15 per cent
of the total hemoglobin. Methemoglobinemia per se presented no serious
clinical consideration in any case, but must be regarded as clear evidence
of objectionable toxicity.

The rash associated with amphenone administration was characteristi-
cally morbilliform and moderately pruritic. It usually occurred during the
second or third week of therapy. Although most patients were receiving
other drugs at the time, the rash occurred in 1 instance when amphenone
was the only medication being given (Case 6).

Suggestive evidence of impairment of liver function was obtained in 2
patients following a course of amphenone (Cases 1 and 13). In addition,
hepatomegaly developed in 1 patient (Case 4) while she was taking Amphe-
none; this receded when amphenone was stopped. Potential hepatic dam-
age from compounds of this type requires careful evaluation.

In view of these multiple toxic effects of amphenone, it becomes impera-
tive to emphasize the distinct limitations of the practical clinical potential-
ities of this drug. Nevertheless, its endocrinologic properties warrant
further study under highly controlled clinical conditions. It is to be hoped
that some of the active analogues of amphenone may prove more generally
acceptable from a clinical point of view (1).

SUMMARY

Endocrinologic and toxicologic data are reported on 24 patients treated
with amphenone, a compound known to inhibit both adrenal and thyroid
function in several species.

Toxic side-effects, notably central nervous system depression, markedly
limit the dosage which can be administered under usual clinical circum-
stances.

Accordingly, the marked suppression of 17-hydroxycorticosteroid pro-
duction observed experimentally following amphenone administration
can be induced in the human subject only with considerable irregularity.
Nevertheless, 7 of 10 patients studied in this regard exhibited a decrease in
urinary 17-hydroxycorticosteroid excretion and a reduction in the response
to exogenous corticotropin. A comparable reduction in 17-ketosteroid
excretion was not observed.

In the 2 amphenone-treated patients with advanced breast carcinoma
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on whom an autopsy was performed, a two- to three-fold adrenal enlarge-
ment was observed. The enlargement was associated with histologic
changes comparable to those seen after prolonged administration of cortico-
tropin.

Amphenone therapy resulted in a striking inhibition of thyroidal I131 up-
take in 7 of 8 patients observed for this effect.

Amphenone provides a useful tool for investigation of adrenal function
under controlled clinical conditions, but its potentialities for general
clinical usefulness are limited by its toxicity. Development of less toxic
analogues with similar endocrinologic properties is clearly indicated, with
a view to more effective pharmacologic control of endocrine function.
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