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Cholinergic Blockade and Growth Hormone Responsiveness 
to Insulin Hypoglycemia" (33837) 
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The observation of high concentrations of 
cholinergic and adrenergic neurons in the hy- 
pothalamus (1) raises the possibility that the 
neurotransmitters, acetylcholine and cate- 
cholamines may influence hypothalamic con- 
trol of pituitary hormone secretion. Previous 
studies have indicated an adrenergic control 
mechanism for growth hormone secretion ( 2 ) .  
The present study was performed to search 
for an antagonistic cholinergic control mecha- 
nism. 

During the course of this investigation a 
possible pitfall in interpretation of paired 
data obtained from provocative tests of 
growth hormone secretion on consecutive 
days was uncovered. The initial experimental 
design for this project differed from previous 
growth hormone studies performed in our 
laboratory (2 ,  3 )  in that the control and 
experimental studies were carried out on con- 
secutive days. The consistently lower growth 
hormone response on the second day might 
have led to a serious misinterpretation had 
not the order of performance of the control 
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and experimental procedures been random- 
ized. 

Methods. Eight apparently healthy male 
medical students, 20-27 years old, were se- 
lected for this study. Two intravenous insulin 
tolerance tests were performed on consecu- 
tive days. Atropine was given during either 
the first or second test alternately to all sub- 
jects. The second test was repeated on each 
subject following an interval of 2-5 weeks. 

The subjects were instructed to abstain 
from smoking and to take nothing by mouth 
except water after 10 p.m. the night before 
the study. Each subject reported to the ex- 
perimental room at  7 a.m., was weighed, and 
then put to bed. A slow intravenous infusion 
of 0.85% NaCl was begun through a 
20-gauge needle in an antecubital vein. The 
indwelling needle was used for withdrawal of 
blood samples as well as for injections of 
insulin and drugs. A sphygmomanometer was 
placed on the opposite arm and blood pres- 
sure and pulse rate were monitored every 15 
min throughout the experiment. 

After a 30-min base-line period, glucagon- 
free insulin (0.1 U/kg) was injected. Blood 
samples were taken every 15 min during the 
base-line period and for 90 min after the 
insulin had been given. In  the cholinergic 
blockade experiments, 1 mg of atropine sul- 
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FIG. 1. Effect of consecutive day testing on insulin-induced plasma HGH elevations: insulin (0.1 

U/kg) was administered a t  zero time; means t SEM are shown (6 subjects). 

fate was injected intravenously 5 min before 
insulin administration. Three subjects re- 
ceived atropine without insulin. 

Blood samples were collected in chilled he- 
parinized tubes. Protein-free filtrates for 
blood glucose were made from 0.2 ml of 
blood immediately after the blood had been 
obtained. Blood glucose was determined by a 
glucose oxidase method (4).  Plasma human 
growth hormone (HGH) was determined by 
modification of the radioimmunoassay meth- 
od of Schalch and Parker (5) utilizing 1251- 
labeled growth hormone and separating free 
from bound hormone by the double antibody 
technique. Tracer and standards were pre- 
pared from highly purified HGH (Lot HS 
968C) supplied by Dr. A. E. Wilhelmi. Glu- 
cagon-free insulin was kindly supplied by Eli 
Lilly and Company, Indianapolis, Indiana 
and atropine sulfate was purchased from Bur- 
roughs Wellcome and Company. 

Results. In  order to determine the effect of 
cholinergic blockade with atropine on 
growth hormone secretion, the plasma HGH 
response to insulin hypoglycemia was as- 
sessed on 2 consecutive days in 8 patients. 
Atropine (1 mg intravenously) was given 5 
min prior to insulin injection on 'the first day 
to half the subjects and on the second day to 
alternate subjects. The HGH response was 
considerably less the second day regardless of 
whether atropine had been given or not 
(Fig. 1). The study which had been per- 
formed on day 2 was then repeated 2-5 
weeks later and the HGH response was sig- 
nificantly greater than that in the same test 
performed earlier. Clearly, the short time in- 
terval between tests was a greater factor in 
the HGH response than any possible effect of 
atropine. The data on two of the eight pa- 
tients are excluded as one subject did not 
exhibit a plasma HGH response on either 
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FIG. 2. Effect of consecutive day testing on insulin hypoglycemia: insulin (0.1 U/kg) was admin- 

istered at zero time (6 subjects). 

day of insulin hypoglycemia and the second 
subject's blood glucose nadir varied by 24 
mg/100 ml in the two tests. 

The blood glucose values during the sever- 
al insulin hypoglycemia tests on subjects in- 
cluded in this study were not significantly 
different (Fig. 2).  Thus, it is unlikely that 
the variation in HGH response could 'be at- 
tributed to blood glucose differences. 

Only data from the first test and the third 
test (2-5 weeks later) were used to assess a 
possible effect of atropine on hypoglycemia- 
induced plasma HGH elevations. Two of the 
six subjects received atropine the first day 
and the remaining four received atropine dur- 
ing the second and third tests. Figure 3 shows 
that the HGH response to insulin hypogly- 
cemia was not significantly altered by 
cholinergic blockade with atropine. The hy- 
poglycemic response to insulin was similar in 
the control and atropine experiments (data 
not shown). Three subjects received atropine 
without insulin and no plasma HGH response 
was detected (data not shown). 

Four of the 6 subjects reported that the 
hypoglycemic symptoms were milder when 

atropine was given. Atropine also caused a 
dry mouth, inhibition of sweating, and 
tachycardia which began within 15 min in 
contrast to the insulin-induced tachycardia 
which began at approximately 30 min. 

Discussion. Cholinergic and adrenergic path- 
ways exist in the hypothalamus and have 
been the subject of a recent review ( 1). Al- 
though the ventromedial nucleus which has 
been shown to be an important site of hy- 
pothalamic control of growth hormone release 
(6) is low in both cholinergic and adrenerg- 
ic neurons, an adrenergic control mechanism 
for growth hormone secretion has been indi- 
cated in two separate laboratories (2, 7) .  An 
antagonistic cholinergic control mechanism 
was therefore suspected but could not be 
demonstrated by the present experiments. 
Atropine in quantities large enough to pro- 
duce significant signs and symptoms (inhibi- 
tion of sweating, dry mouth, and tachycardia) 
did not alter basal plasma HGH values or 
influence hypoglycemia-induced growth hor- 
mone elevations. Although atropine in large 
doses produces central nervous system effects, 
the possibility can not be excluded that hypo- 
thalamic tissue levels of atropine were insuffi- 
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FIG. 3. Effect of atropine on insulin-induced plasma HGH elevations: insulin (0:l U/kg) was 
administered at zero time; in the cholinergic blockade experiments 1 mg of atropine sulfate was 
given 5 min prior to insulin injection; means & SEM are shown (6 subjects). 

cient to produce cholinergic blockade in these 
experiments. 

An important variable in growth hormone 
testing was identified in this study. When 
provocative tests of growth hormone secretion 
with insulin hypoglycemia were performed 
on consecutive days, the second day's re- 
sponse was considerably less than that on the 
first day. Too short a time interval between 
tests may be one of the factors causing the 
poor reproducibility of the plasma growth 
hormone response to insulin hypoglycemia re- 
ported by others (8, 9). Our studies did not 
establish the duration of this relative refrac- 
tory period of the growth hormone secretory 
process to insulin hypoglycemia although the 
effect seems clearly dissipated in 2 weeks. 
Investigators performing paired biological 
studies on growth hormone secretion must 

take this refractory period into consideration. 
Previous growth hormone studies from our 
laboratory (2, 3) have utilized paired biologi- 
cal data but these tests were not done on 
consecutive days. Furthermore, our practice 
of randomizing the order in which the control 
and experimental tests were performed would 
detect any effect due to refractory growth 
hormone secretion. Whether a relative refrac- 
tory period exists when two different stimuli 
such as insulin and arginine are given on 
consecutive days has not been established. 

Summary. Atropine in amounts sufficient 
to produce moderate signs and symptoms did 
not influence base-line plasma HGH values 
or the plasma HGH rise following insulin 
hypoglycemia. A relative refractory period in 
HGH responsiveness to insulin hypoglyce- 
mia was observed when insulin tolerance tests 
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Properties of Mycobacteriophage DS6A 
I. Immunogenicity in Rabbits* (33838) 
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Mycobacteriophage DS6A was found by 
Redmond and Cater (1) and Redmond ( 2 )  
used it to identify human strains of mycobac- 
teria in phage typing of the genus. In  edi- 
tion, Mankiewicz and BCland (3) reported 
producing experimental sarcoid lesions by in- 
jecting phage DS6A and Mycobacderium tu- 
berculosis, strain H 3 7 R ~ ,  into guinea pigs. 
They found neutralizing activity in 15 of the 
16 sera tested (94%). The 16 sera had neu- 
tralizing activity against a heterologous un- 
named phage in the same proportion (94%) ; 
and the neutralizing activity against a sec- 
ond heterologous unnamed phase was report- 
ed as 80%. Since Mankiewicz and Bdand’s 
neutralization experiments did not yield 
quantitative data (3), it seemed desirable to 
perform quantitative immunogenicity and 
neutralization studies with this phage. In  ad- 
dition, since the results of studying the im- 
munogenicity of phages R1, D29, and Leo in 
rabbits were recently presented (4), a need 
existed for comparing the immunogenicity of 
phage DS6A with the three former phages. 
Accordingly, this report gives the results ob- 
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tained after injecting rabbits with mycobac- 
teriophage DS6A, and the results of some 
cross neutralization experiments are presented 
also. 

Materials and Methods. TB broth. For liq- 
uid cultures, the medium used contained the 
following ingredients: TB broth base (Difco), 
11.6 g; glycerol, 10 ml; bovine serum albu- 
min, fraction V (Armour and Company) 0.15 
g; water loo0 ml. The pH was adjusted to 
7.0 before autoclaving. 

TB bottom agar. The TB broth was sol- 
idified with agar (Difco), 10 g/liter. After 
autoclaving, the medium was distributed in. 
30 ml amounts in sterile plastic petri plates. 

TB soft agar. This consisted of 1 liter of 
TB broth with 7.0 g of agar. Before autoclav- 
ing, the medium was distributed in 3-ml 
amounts in test tubes. For use, the TB soft 
agar was melted at 100’ and held at  44’ for 
inoculation with phage and bacteria. 

Mycobacteria. Mycobacterium tubercu 
losis, strain H37Rv, was obtained from Dr. W. 
B. Redmond.2 The BCG was obtained from a 
commercial vaccine preparation (Eli Lilly 
and Company). Stocks of each strain were 
maintained on Lowenstein- Jensen slants, with 

2 Chief, Tuberculosis Research Laboratory, Vet- 
eran’s Administration Hospital, Atlanta, Georgia. 




