
708 NICOTINIC ACID GROWTH HORMONE 

F. A. Davis Co., Philadelphia, 1965, p247. 
5. Kraft, S. C . ,  Rimpila, J. J., Fitch, F. W., 

Kirsner, J .  B., Arch, Path. (Chicago), 1966, v82, 
369. 

6. Broberger, O., PerImam, P., J.  Exp. Med., 
1962, v115, 13. 

7 .  Koffler, D., Minkowlitz, S., Rotlhman, W., 
Garlock, J., Am. J .  Path., 1962, v41, 733. 

8. Klacins, J. V., J.A.M.A., 1963, v183, 547. 
9. Harrison, W. J. ,  Lancet, 1965, v l ,  1346. 
10. Goldstein, G., Slizys, I. S., Chase, M.  W., J .  

11. Goldstein, G., Spalding, B. H., Hunt, W. B., 

12. Kraft, S. C., Rimpila, J.  J., Fitch, F .  W., 

13. Wood, B. T., Thompson, S. H.,  Goldstein, 

14. &te-Marie, G.,  J. Histochem. Cytwhem., 

Exp. Med., 1961, v114, 89. 

Jr., Proc. Soc. Exp. B i d .  & Med., 1962, v l l l ,  416. 

Kirsner, J .  B., Gastroenterology, 1964, v46, 747. 

G., J .  Immunol., 1965, v95, 225. 

1962, v10, 250. 

1950, v91, 1. 

H,ill, New York, 1959, p9. 

munol., 1958, v80, 122. 

W., ibid., 1964, v93, 232. 

v12, 271. 

Sand., 1964, v60, 1. 

Immunology, 1965, v9, 101. 

229. 

Received August 28, 1967. P.S.E.B.M., 1967, v126. 

15. Coons, A. H., Kaplan, M.  H., J .  Exp. Med., 

16. Mellors, R. C., Analytical Cytology, McGraw- 

17. Goldwmser, R. A., Shepard, C. C., J.  Im- 

18. McKinney, R.  M., Spillane, J.  T., Pearce, G. 

19. Hiramoto, R., J.  Histochem. Cytochem., 1964, 

20. Hdtkn, J., PontCn, J., Acta Path. Microbiol. 

21. Myers, J . ,  Sargent, -4. U., Cohen, J .  J . ,  

22. Braberger, O., Gastroenterology, 1964, v47, 

Effect of Nicotinic Acid Administration on Plasma Growth Hormone 
Concentrations.* (32549) 
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In recent years, i t  has been demonstrated 
that the secretion of human growth hormone 
(HGH) is markedly influenced by hypogly- 
cemia(l), glucose(2,3) or amino acid(4) ad- 
ministration. In  adldition, other stimuli such 
as exercise, prolonged fasting or stress have 
been shown to augment plasma HGH(2,S). 
Similar to its various physiological effects, 
the secretion of HGH appears to be con- 
trolled by a variety of factors. 

In  this laboratory, an  attempt was made in 
n m a l  subjects, to induce plasma non-esteri- 
fied fatty acids (NEFA) change by adminis- 
tration of nicotinic acid, with or without 
heparin injection, and to determine serial 
plasma HGH concentrations. This report 
describes our finding that marked increase 
of plasma HGH has occurred following the 
administration of nicotinic acid alone, and 
this increase was abolished when nicoitinic 

*This work wris supported by Gmnt AM 10138 
from Nat. hst. of Arthritis & Metabol. Dis., USPHS. 

acid was given in combination with heparin 
injection. 

Materials and methods. All test subjects 
were healthy male students, their ages rang- 
ing from 21 to 24 years old. They were non- 
obese, and had no family hisltory of diabetes 
mllitus. All had fasted overnight for 13-15 
hours. Upon arrival at the hospital next 
morning, the subjects had bed rest for a t  
least 31) minutes before starting the test. 
They were on bed rest and told to relax 
butt not to sleep during the study. 

Indwelling needle was inserted into the 
antecubital vein and sIm infusion (approxi- 
mately 10 drops per minute) of physiological 
saline was performed to prevent blood co- 
agulation throughout the test. All injeoticms 
and blood samplings were done through the 
indwelling needle. 
Tests were divided into 3 groups as follows: 

(a) Nine cases received 210 ml d i n e  at 0 and 
2 0  minutes. (b) Five cases received 100 mg 
nicotinic acid in 20 ml saline at 0 and 20 
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minutes. (c) Four w e s  lreceived 1QO mg 
nicotinic acid (twice 'as above and lo100 units 
heparin at 10 minutes. B l d  was drawn with 
heparinized syringes before and ah appropriate 
intervals for 180 minutes as indicated in Fig- 
ures. Plasma was dbtained by immediate 
centrifugation and samples were stored at 
-20°C until the time of measurement. 

Plasma HGH concentrations were deter- 
mined by the method of Glick, Roth, Y a l m  
and Berson(6). Raben HGH was used as 
antigen, iodinarted HGH, and standard. The 
minimum detectable level of plasma HGH 
was 0.25 mpg/ml using l&fold dilution of 
plasma sample. Plasma glucose and NEFA 
were measured lby glucose oxidase method( 7 )  
and Dole's method( 8). 

Results. Results are shown in Figs. 1-3. 
For statistical analysis, plasma HGH value 
below 0.25 rnpg/ml was calculated as equal 
to 0.2 5 mpg/ml. 

(1) In  the control p u p  (Fig. 1),  there 
was no significant change of plasma glucose, 
plasma NEFA, and HGH during the 3-hour 
test period. 

(2) In the group of nicotinic acid injec- 
tion (Fig. 2 ) ,  there was an initial decrease 
of pliwma NEFA to approximately 60%, 
then a return to near baseline at 120 minutes, 
follolwed by a sharp rise at 18.0 minutes 
(secondary rise). Plasma glucose showed no 
significant changes. 

Plasma HGH showed a marked rise ah 
120 minutes and/or at 180 minutes in all 
cases, and these values were signifimtly 
higher (p<O.0015) than those of the control 
group. 

(3) In the group of nicotinic acid and 
heparin injection (Fig. 3),  plasma NEFA 
showed a slighit iniltial rise, but did not show 
significant reduction below athe fasting level. 
The secondary rise of NEFA was decreased. 
Plasma glucose and HGH showed no signifi- 
canlt changes. 

Discussion. In view of the fact that stress 
can cause a precipitous rise of plasma HGH 
(9,10), caution was exercised for the careful 
handling of the test subjects. Furthermore, 
to avoid the possicble influence of sleep( 11, 
1 2 )  to the secretion of HGH, the sulbjects 
were prohibited f m  sleeping during the test. 
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FIG. 1. Plasma glucose. (mg %), NEFA (% of 
initial), and HGH (nqg/ml) fdhving 20 rnl saline 
injeation at 0 land 20 min in 9 cam. 

FIG. 2. Plasma glucose (mg %), NEFA (% of 
initial), and HGH (wg/rml) fd&ng 100 mg 
nicotinic acid (in 20 d d i n e )  injection at 0 and 
20 min in 5 cases. 
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FIG. 3 .  Plasma glucose (mg %), NEFA (% of 
initial), an,d HGH ( m g / m l )  following 100 mg 
nicotinic acid (in 20 ml saline) injection at  0 and 
20  min and 1000 unit heparin injection at 10 min 
in 4 cases. 

Under these circumstances, 9 control sub- 
jects, who received saline injections, showed 
no appreciable changes of plasma HGH dur- 
ing the 3-hour period. This is in accordance 
with the finding of Frohman et Q Z (  13). Re- 
cent abservation (by Pinter and Pattee( 14) 
poinlted out the biphasic change of blood 
glucose following 400 mg nicotinic acid in- 
fusion, but this effect was not observed in 
our experiment in which 100 mg nicotinic 
acid was injected twice. Administration of 
nicotinic acid alone or with the combination 
of heparin injection, caused the same degree 
of flushing of the face and extremities in 
most cases, and this was not of great dis- 
comfort to the subjects. Thus the increase 
in plasma HGH seen in (the subjects of Group 
2 was not considered due to stress or the 
vasodilating effect of nicotinic acid. More- 
over, the increase of plasma HGH was not 
observed until 120 minutes in Group 2, prob- 
ably denying the direclt effect of nicotinic 
acid for this increase. 

From these results it is suggested that: (a) 
lowering of plasma NEFA levels by nicotinic 
acid adlministration can stimulate the secre- 
tion of HGH, (b) this stimulation is abol- 
ished when the reduction of plasma NEFA 
levels was prevented by heparin injection. 
Since plasma glucose levels remained un- 
changed, and mechanisms of the plasma 
NEFA reduction by nlicotinic acid ( 15,16) , 
and its augmentation by heparin(l7) are 
quite different, the stimulation of HGH a p  
pears to depend solely upon the levels of 
plasma NEFA. 

This is particularly interesting in view of 
the well-known effect of HGH in stimulat- 
ing lilpolysis ( 18) , namely, one could assume 
a negative feed-back mechanism between plas- 
ma NEFA and HGH. Preliminary results of 
the experiment of salicylate administration 
showed the reduction of plasma NEFA and 
the increase of plasma NEFA, the finding 
similar to the result of this experimenlt. 

I t  is of interest to note t h t  the augmen- 
tation of plasma HGH has been observed 
in the condition which causes the enhance- 
ment of lipolysis, such as exercise, prolonged 
fasting, stress or a 4-6 hour period following 
glucose administration ( 5 ) .  Under these con- 
ditions, either the existence of a common 
stirnulatory factor of plasma HGH and NEFA 
or a possible conltribution of intracellular 
NEFA deprivation to stimulate HGH secre- 
tion may be suggested. Carlson et at( 19) have 
noted an initial drop of plasma NEFA level 
(circulatory phase) during moderate exercise 
in man. The reduction of plasma NEFA 
following glucose administration is well estab- 
lished ( 8) .  Insulin hypoglycemia (8) and 
amino acid administration (20) , which are 
known to muse the stimulation of HGH 
secretion, are also known to cause the reduc- 
tlion of plasma NEFA. Whether the plasma 
NEFA plays a role in these situations is to 
be determined. 

As shown in Fig. 2, the augmentation of 
plasma NEFA was preceded by that of plas- 
ma HGH. When heparin injection wds com- 
bined (Fig. 3 ) ,  the degree of secondary rise 
of NEFA decreased and the plasma HGH 
rise was not seen. Allthough further studies 
are needed, plasma HGH may, at least in 
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part, participate in inducing the secondary 
rise of plasma NEFA following the injection 
of nicotinic acid. 

Summary. Serial plasma glucose, NEFA, 
and HGH concentrations were measured in 
normal male sulbjects following saline injec- 
tion (Group 1, 9 cases), nicotinic acid in- 
jection (Group 2 ,  5 cases), and nicotinic acid 
plus heparin injection (Group 3, 4 cases) 
for 180 minutes. There was no appreciable 
change of plasma glucose in all groups. In 
Group 1 there was no significant change of 
plasma, NEFA and HGH. In  Group 2 ,  
plasma NEFA showed an initial decrease fol- 
lowed by the secondary rise at 180 minutes, 
and plasma HGH showed a marked rise a t  
120 minutes and/or at 180 minutes. In  
Group 3, plasma NEFA did not show signifi- 
cant reduotion anld plasma HGH showed no 
significant changes. From the results ob- 
tailned, i t  was suggested that the lowering 
of plasma NEFA levels by nicotinic acid 
administration can stimmulate the secretion 
of HGH, and an assumption was made that 
plasma NEFA could be at least one of the 
factors in regulating HGH secretion. It was 
also suggested that plasma HGH may, a t  
least in part, participate in inducing the sec- 
ondary rise of plasma NEFA following the 
injection of nicotinic acid. 

We are indebted to Dr. Fukashi Msatsuzaki for 
hdp and advice. Technical1 zw&~anlce of M+. 
Masashi Noguchi, Miss Matuse Hayakawa, and Miss 
Miki Komiyama is greatly appreciated. 
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Inhibition of the Lymphopenic Effect of Cortisol by Puromycin 
Injection in Mice." (32550) 
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The lymphopenic action of adrenal cortical 
steroids was established a numher of years *The d'ata in this paper were abtained in) in- 

vestigations suppofrted by grants fnom The American 

hou'rs a injection Of an ef- PHS (CA-07470), and National Science Foundation 
and is documented(1J2)* At " Cancer Sopiety (P-68-H), Nst. Inst. H d t h ,  us 

fective steroid, blood lymphocytes values are 
depressed to a minimum. Stimulation of the 
pituitary-adrenal axis by any one of a wide 

(GB-2711). 
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