Fig. 2. Pulmonary emphysema in mouse
after 317 days of exposure (7 sec/day) to
Alternaria smoke aerosol. There is dis-
tention and attenuation of the alveolar
walls (about X 25).

showed emaciation, thickening of the
skin about the face, and congestion,
edema, and emphysema of the lungs.
Histologically, pulmonary emphysema
was confirmed (Fig. 2) in the first three
mice, two of which also evidenced
alveolar cell carcinoma; all four showed
secondary or terminal pneumonia, fat-
ty infiltration or vacuolation (or both)
and necrosis of the hepatic cells, and
hemorrhage, congestion, tubular dila-
tion, and glomerular interstitial nephri-
tis in the kidneys. Four of six mice
challenged with A. niger smoke de-
veloped pulmonary emphysema, among
other pathologic changes, by the 8th
month. Mice in the corresponding hay-
smoke control groups remained nor-
mal clinically, and histologic examina-
tion of their tissues showed only pul-
monary chronic inflammation.
Although Alternaria spores and my-
celia are present in cigarette, cigar,
and pipe tobaccos, there is a much
higher percentage of heavy contamina-
tion in cigarette tobaccos. It appears
significant that pulmonary emphysema
was detected grossly in four of four
mice exposed repeatedly to Alternaria
hay-smoke aerosol, and in four of six
mice exposed to A. niger smoke. Two
mice in the Alternaria group developed
alveolar cell carcinomas, but this in-
cidence may have been fortuitous in
that such neoplasms can occur spon-
taneously.
JoserH FoRGAcs
Good Samaritan Hospital,
Suffern, New York
W. T. CARLL
Clemson University, Diagnostic
Laboratory, Pontiac, South Carolina
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Growth-Hormone Deficiency in Man:
An Isolated, Recessively Inherited Defect

Abstract. A deficiency of human growth hormone not associated with other
pituitary deficiencies was observed in midgets with sexual ateliosis, a form of
dwarfism inherited as an autosomal recessive trait. Body proportions, sexual
development, birth weight, and postpartum lactation are normal in this syndrome.

Gilford (/) termed normally propor-
tioned dwarfs, or midgets, ateliotic,
and he distinguished sexual and asexual
types, depending on the state of sexual
development and function. Autosomal
recessive inheritance of sexual ateliotic
dwarfism was supported by observa-
tions of affected sibs, both male and
female, with unaffected parents who
frequently were related (2).

At the same time as Gilford’s noso-
logic contributions, the role of the
pituitary in growth became apparent
from clinical and experimental obser-
vations, and deficient production of a
growth-promoting factor by the pitui-
tary was suspected in ateliosis. In the
absence of specific methods for assay
of growth hormone, as well as the lack
of potent, nonantigenic material with
which a convincing therapeutic test
could be made, pituitary insufficiency
could be established only in asexual
ateliotics, that is, cases of panhypopi-
tuitarism in which the additional de-
ficiency of thyrotropic, adrenocortico-
tropic, and gonadotropic hormones in-
dicated the pituitary basis of the defect
in growth. Probably partly because the
cases of panhypopituitarism were al-
most always nonfamilial (3), cases of
sexual ateliosis were relegated to an
idiopathic group called “primordial
dwarfs,” the tacit implication being that
the defect is not pituitary but is, vague-
ly conceived, a genetically determined
one “at the cellular level.”

An isolated growth hormone deficien-
cy has been suspected in some instances
(4). The experience reported here docu-
ments an isolated deficiency of growth
hormone in midgets with autosomal re-
cessive sexual ateliosis.

Six sexually mature individuals with
proportionate dwarfism were studied.
Three (family A) were members of an
inbred West Virginia kindred and
three (family B) were husband, wife,
and daughter (Fig. 1). Their ages ranged
from 39 to 77 years, their heights
from 123 to 139.5 cm, and their weights
from 30.6 to 42 kg. None had a con-
genital malformation. Bone age was
adult in all six. Birth weights, from
2727 to 4545 g, had been normal in

all; the midget daughter of two midget
parents had a birth weight of 2727 g,
cesarean delivery having been per-
formed about 2 weeks before term.
Growth retardation was first noted in
the first 2 years of life. Five of the six
grew gradually, with halt in growth
soon after puberty. One of the males
had a 20.5-cm growth spurt during
puberty, which did not occur until
age 25. Secondary sexual characteris-
tics were normal, although puberty was
delayed by 2 to 10 years in each.
The skin was smooth and wrinkled
and appeared abnormally thick. The
voices were high-pitched, with a
“small” timbre. None had experienced
hypoglycemic attacks and all were
in general good health.

Extensive clinical, radiologic, and en-
docrinologic investigations were per-
formed in each. Pituitary trophic hor-
mone production was assessed by the
following methods. (i) Thyrotropin
(TSH) was assessed by the serum pro-
tein bound iodine and I'31 uptake;
(ii) gonadotropin (FSH) by biological
activity of urinary extracts with the
mouse uterine-weight technique (5);
(iii) adrenocorticotropin (ACTH) by
the presence in the urine of 17-
hydroxycorticosteroids and 17-keto-
steroids under basal conditions, and on
the day of, and the day after the ad-
ministration of metapirone, 300 mg per
100 pounds of body weight being giv-
en every 4 hours for six doses (5); (iv)
growth hormone (HGH) by a standard
human growth hormone immunoassay
(6) after insulin-induced hypoglycemia
and arginine infusions, both potent
means of stimulating growth hormone
secretion (6, 7). In all six subjects,
insulin, given intravenously in a dose of
0.1 unit per kilogram of body weight,
produced marked symptoms of hypo-
glycemia approximately 30 minutes af-
ter the insulin administration. Arginine
(20 g in 500 ml of water) was infused
intravenously over a 30-minute period.
The males were given 2.5 mg of stil-
bestrol twice a day for 2 days prior
to the arginine infusion (7). Control
values for growth hormone were ob-
tained from 15 healthy postpubertal
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Fig. 1. Pedigrees of families A and B. The
evidence for the presumed family lines
(——=) in family A is excellent, but not
yet completely established. One offspring
of case 1 died of Hodgkins disease, the
other of pneumonia during infancy. Case
6 of family B married a midget and has
three children; two are midgets, and one
is apparently normal.
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Fig. 2. The crosshatched area represents
the total range of response of the six
ateliotics. The unbroken line and bars
represent the mean (= one standard error
of the mean) levels of the controls. (Top)
Human growth-hormone and blood-sugar
responses after the intravenous adminis-
tration of insulin (0.1 unit/kg body weight)
at zero time. (Bottom) Analysis of human
growth hormone after the intravenous in-
fusion of 20 g arginine from time 0 to
30 minutes. The HGH concentration did
not rise above 2.5 ng/ml in five of the
six ateliotics.
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individuals of normal stature, who un-
derwent similar insulin and arginine in-
fusions.

All patients studied had normal secre-
tion of TSH, FSH, and ACTH. All
the sexual ateliotics, after fasting,
showed a low concentration (1.5 ng/ml
or less) of growth hormone in the
serum, and the concentration did not
rise significantly after insulin-induced
hypoglycemia or arginine infusion (Fig.
2). The highest value was 2.0 ng/ml
after insulin and 2.5 ng/ml after argi-
nine, except for a single measurement
of 5.0 ng/ml in case No. 6, 90 minutes
after arginine. In controls there was
a mean rise to 23.8 = 4.0 ng/ml after
insulin and to 26.1 == 3.50 ng/ml after
arginine. Glucose changes were com-
parable in the two groups. These nor-
mally proportioned, sexually mature
midgets have thus been shown to have
an isolated deficiency of human growth
hormone, a deficiency which may be
homologous to that associated with re-
cessively inherited pituitary dwarfism
in mice. Since puberty is often delayed,
gonadotropin deficiency cannot be con-
firmed in a dwarf with growth-hormone
deficiency until he is about age 25.

The findings in the two families
(Fig. 1) support the view that sexual
ateliotic dwarfism is inherited as an
autosomal recessive trait. In addition
to multiple, affected sibs from con-
sanguineous marriages, the mating of
two affected persons resulted in the
birth of two similarly affected off-
spring (Fig. 1, family B). Monotropic
growth hormone deficiency was demon-
strated in the two parents and one
of the offspring; the other affected off-
spring died accidentally in childhood.

Since all six subjects deficient in
growth hormone had normal birth
weights, and since all children born
to the three females with growth hor-
mone deficiency, including at least one
who was herself growth-hormone de-
ficient, weighed over 2700 g at birth,
neither maternal nor fetal pituitary
growth hormone is probably the ma-
jor factor responsible for intrauterine
growth. Normal intrauterine growth is
also a feature of panhypopituitarism
(3) and of anencephaly, in which the
anterior pituitary appears to be at least
functionally defective (8).

All four growth-hormone—deficient
females in this series had normal preg-
nancies, terminated by cesarean sec-
tion, and normal lactation. Hence, the
human growth-hormone molecule (or at
least those parts of it which are im-
munologically active and are involved
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in growth promotion) is not essential
to postpartum lactation. Since lactation
was also normal in the midget mother
of two midget children, it appears that
placental lactogen (9) is under genetic
control separate from pituitary growth
hormone or is not necessary for lacta-
tion.

Mutations resulting in isolated de-
ficiency of pituitary gonadotropin (0),
adrenocorticotropin (//) or thyrotropin
(12) probably also occur in man.

Davip L. RiMoIN
THOMAS J. MERIMEE
Victor A. McKusick
Divisions of Medical Genetics and
Endocrinology, Department of
Medicine, Johns Hopkins University
School of Medicine, Baltimore 21205
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Input Resistance, Electrical Excitability, and Size
of Ventral Horn Cells in Cat Spinal Cord

Abstract. Experiments on cat lumbosacral alpha motoneurones showed that, in
comparison with cells possessing rapidly conducting axons, the cells with slowly
conducting axons have the higher input resistance, that they need weaker stimu-
lating currents to reach the threshold for repetitive firing, and that they need a
relatively larger increment in current strength for a given increase in firing rate.
Measurements of the number and diameters of dendritic trunks gave larger
values for the larger cell bodies. The discussion deals with the interrelation be-
tween cell geometry, electrical properties, and the reflex action of alpha moto-

neurones.

The alpha motoneurones innervating
the hind limb of the cat show, for
each motor pool, a continuous varia-
tion in the diameter (/) and conduc-
tion velocity (2) of their axons. In
previous investigations, the cells with
small and slowly conducting axons have
often been referred to as “tonic” (or
“slow”), and those with large and
rapidly conducting axons as ‘“phasic”
(or “fast”) motoneurones (2, 3). In
response to most synaptic inputs, tonic
and phasic cells differ markedly with
respect to the size of the postsynaptic
potentials (inhibitory and excitatory)
and to the “reflex threshold” for repeti-
tive firing. In most instances the post-
synaptic effects are more pronounced
in tonic than in phasic cells (3-7),
but the reverse situation also occurs
(4, 8). With synapses at similar loca-
tions, the current generated by a given
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conductance change (inhibitory or ex-
citatory) would be expected to alter
the soma membrane potential more in
a cell with a high than in one with a
low “input resistance” (9), that is, the
d-c resistance offered by the cell to the
flow of current between an electrode
inside the soma and one outside the
cell. Thus, less current (for example,
a smaller number of active synapses)
would presumably be needed for elicit-
ing a repetitive discharge in a cell with
a high than with a low input resistance.
Therefore, the input resistances of
motoneurones with slowly and rapidly
conducting axons must be known if
the causes for their different reflex be-
haviors are to be understood (7).

The experiments were performed on
cats (2.0 to 3.4 kg) anesthetized with
pentobarbitone (Nembutal). Single-bar-
reled microelectrodes filled with a solu-

tion of 3M KCI or 2M potassium-
citrate were employed for intracellular
recording. The dorsal roots caudal to
L4 were cut, and various hind-limb
nerves were used for antidromic stimu-
lation of the motoneurones. Conduction
velocity was calculated from measure-
ments of antidromic latency and con-
duction distance (2). The rectal tem-
perature was generally 37° to 38°C.

For the resistance measurements, rec-
tangular current pulses of variable
strength and polarity were injected
through the intracellular electrode. Cur-
rent strength was continuously record-
ed. A Wheatstone bridge was used to
balance out potential changes produced
in the microelectrode and the biologi-
cal structures in series with it (10, 11).
When the bridge was balanced, the
resistance of the microelectrode and
the structures in series with it could
be read off from the potentiometer of
the bridge to within about = 0.1 Mohm.
The input resistance of a motoneurone
was determined in one or more of the
following ways: (i) by balancing the
Wheatstone bridge with the electrode
tip inside and just outside the neurone
(“direct” method), (ii) by measuring,
with the same bridge setting, the poten-
tials produced by currents with the elec-
trode tip inside and just outside the
neurone (‘“‘direct” method) (10, 12),
(iii) by measuring the effect of currents
on the amplitude of anti- or orthodrom-
ic spikes (“spike” method) (71, 12),
and (iv) by measuring the effect of cur-
rents on the spike threshold to an
excitatory post-synaptic potential
(“threshold” method) (11, 12). Meth-
ods (ii), (iii), and (iv) have been earlier
used and discussed (/0-73). With many
electrodes the “direct” methods could
not be used, mainly because the re-
sistance of these electrodes changed
on movement through the tissue (/7).
In order to possess a steady state for
determining the input resistance (/73),
none of the measurements were per-
formed before at least 0.5 second after
the onset of current. Records showing
signs of electrode polarization were dis-
carded.

The input resistance was higher in
the cells with slowly conducting axons
(tonic motoneurones) than in those
with rapidly conducting axons (phasic
motoneurones). Figure 1 shows the re-
lation between the input resistance of a
motoneurone and the reciprocal square
of the conduction velocity of its axon.
With this latter function of conduction
velocity the relation was approximately
linear, and the correlation coefficient
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