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Summary. Three salts of penicillin G and 
one of penicillin V were found to be essen- 
tially equal when administered orally in spar- 
ing the rat's dietary requirement for thiamine, 
as determined by rates of growth and thia- 
mine levels in the liver. Growth was not 
stimulated to a statistically significant degree 
upon administering these antibiotics intra- 
peritoneally every other day. although thia- 
mine levels in the livers were elevated by such 
treatment. The effects of penicillin on thia- 
mine levels in ileal and cecal contents were 
inconclusive. 
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The level of pepsinogen in blood and urine 
constitutes an index of gastric activity( 1-4). 
Uropepsinogen excretion reportedly increases 
following administration of adrenocortico- 
trophic hormone or adrenal steroids, and after 
acute emotional and physical stress; there- 
fore it has been suggested as a measurement 
of adrenal activity. These data and their im- 
plications concerning the relationship of gas- 
tric activity to stress and the General Adap- 
tation Syndrome have been reviewed recently 
by Gray et aZ.(S). However, Hirschowitz 
and his associates were not able to demon- 
strate increases in blood pepsinogen following 

* Supported by P.H.S. Grants M-739 and H-1954. 

.A('TH administration ( 6 ) ,  and Necheles and 
his co-workers recently reported failure of 
cortisone to affect uropepsinogen excretion 
( 7 ) . Similarly, in animal studies, we were 
unable to demonstrate elevation in blood pep- 
sinogen following either acute or chronic nox- 
ious stimulation in cats and rats even when 
adrenal hypertrophy was observed (8,s). A 
study was undertaken, therefore, to deter- 
mine if direct stimulation of the adrenals by 
esogenous ACTH influenced blood pepsino- 
gen in animals. The effect of a single injec- 
tion of ACTH on blood pepsinogen in humans 
was also evaluated and titres in several pa- 
tients on chronic steroid therapy were meas- 
ured. 
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TABLE I. Response of Blood Pepsinogen to Acute 
Adrenal Stimulation in Animals. 

Blood pepsinogen 
activity 

Hr 
a+ 

Animal Treatment Before After inj. 

Cats A 
B 
C 

Dogs A 

B 

C 

Rats 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Saline 
50 units ACTH gel 
I d e m  

Saline 

40 units ACTH gel 

Idem 

Saline 

10 units ACTH gel 
I d e m  
Saline 

9 )  

9 9  

9 9  

30 units ACTH gel 
Idern 

9 ,  

290 
3 75 
310 

240 

490 

355 

260 
250 
265 

260 
285 
300 

320 
345 

- 

- 

260 24 
315 24 
335 24 

250 6 
260 24 
350 6 
410 24 
400 6 
405 24 
275 24 
205 24 
320 24 
210 24 
245 48 
375 48 
255 48 
325 48 
240 48 
340 48 

Materials and methods. Acute studies were 
performed in 3 mongrel cats, 3 mongrel dogs, 
and 10 male Holtzman rats in whom blood 
pepsinogen was determined before and after 
administration of ACTH gel. Treatments and 
time of measurement of pepsinogen are given 
in Table I. Acute studies were also per- 
formed in 9 healthy human subjects, one pa- 
tient with pernicious anemia and one with 
renal disease. In the latter condition, pep- 
sinogen activity may be elevated, as has been 
demonstrated by Hirschowitz (3) and Spiro 
(10). In addition, pepsinogen was deter- 
mined following chronic therapy in one pa- 
tient with an inactive peptic ulcer and severe 
pulmonary disease, and in four patients with- 
out ulcers, who were receiving large doses of 
steroids and/or ACTH for a variety of ail- 
ments. Diagnoses, dosage schedules and ex- 
perimental design in the human subjects are 
presented in Table 11. To study adrenal 
cortical activity and blood pepsinogen levels 
simultaneously, 42 male Holtzman rats weigh- 
ing 200-250 g were divided randomly into 4 
groups. Blood was obtained by cardiac punc- 
ture, and the animals were treated for 5 days 
as outlined in Table 111. All animals were 
then anesthetized with sodium pento- 

barbital and rapidly exsanguinated. Adre- 
nals were cleaned of extraneous tissue, 
weighed to 0.1 mg on a Sartorius balance, and 
their ascorbic acid content determined by the 
method of Roe( 11). Blood pepsinogen ac- 
tivity was determined by the method of Mir- 
sky et al. ( 12). One unit of pepsinogen rep- 
resents one microgram of tyrosine released by 
one ml of plasma or serum; plasma was used 
for the cats and dogs, serum in the rats and 
humans. 

Results. A consistent increase in pepsino- 
gen activity was not noted in the acute studies 
(Tables I and 11). In 4 patients who were 
receiving chronic treatment with steroids, 
blood pepsinogen was within the normal range 
in our laboratory ( v i . )  and rose slightly in 
only one of 3 with further treatment. Activ- 
ity increased in the ulcer patient after one 
week of therapy with prednisone alone, but 
thereafter fell to initial levels despite contin- 
ued administration of ACTH and prednisone 
(Table 11). The effects of adrenal cortical 
stimulation on adrenal weight, ascorbic acid 
content and level of pepsinogen in rats are 
set forth in Table 111. These data were sub- 
jected to an Analysis of Variance. The 
adrenals of the groups which received ACTH 
and epinephrine were significantly heavier 
and demonstrated a highly significant deple- 
tion of ascorbic acid, but pepsinogen activity 
was identical in all groups. Comparison of 
the pepsinogen values before and after treat- 
ment in each of the groups suggested a slight 
fall in the groups given ACTH and epine- 
phrine, but this was not significant statis- 
tically. Carbaminoylcholine (Doryl) , a para- 
sympathomimetic agent with predominant 
gastro-intestinal effects, did not stimulate the 
adrenal nor elevate the average pepsinogen 
level; however 2 animals in the group dis- 
played titres which were over 500 units. Pep- 
tic ulceration was not observed. 

Serum pepsinogen levels determined in our 
laboratory in 18 normal patients ranged from 
195 to 445 with a mean of 305 units, and a 
standard deviation of 78.5. In 24 patients 
with proven peptic ulcer, the values ranged 
from 366 to 968, with a mean of 610 and 
standard deviation of 162. Although there is 
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TABLE 11. Response of Blood Pepsinogcn to .-\tlrcn:il Stiiiiulntioii in ITiini:~n Siihjects. 

Acute stuclics ( 1 1  siil,,jccts) 
Trwtniciit Blow1 1~~1)siiiogcn Trc;i t nient Blood pepsiiiogen 

(ACTH gel I l l , ,  :ic tivi ty (ACTH gel I M  ) ,  :I c t ivi t y 
Sr’s units Kcforv 24 111. aft1.r S ( 3  units Rrforr 24 hr a f te r  

Pq~sinog:c~n Time (day 
:ic.tivity of et,udy) 

Rheumatoid arthritis, drug-in- 
duced Cuvhi ng’s sy n dronie 
with niarkecl hypertension 

Drug sensitivity 

390 2 

1 !)S 3 

TABLE 111. Comparison of I5lootl Pepsiiiogen Avtirity and Adrenal Cortical Activity in Rats. 

--------------- lI(~:iiis :ind st:iiitl. (lev. 

.\ II l* (~ l l : l  I \ \  t 

\ 

. \ l l r ~ ~ l l : l l  :is- 
cwrl~ic : ic . i t l  Pcpsi~iogc.~i :ictivitT ( p g  

so. of (rllg/loo g (nig/ 100 g tyrosine released/cc sernni) 
Trea tnient * I Y I  t s  I)olly \vt ) :i(lreii:il) Before -4fter 

Coiitrol 
ACTH 
Dory1 
Epineph 

p v:llllr~s I’,t~t\\ccll grolll’s < . I l l  
C’oiitrol X A(’TI1 
Control X.cloryl S . S .  
Control X epincpliriii(* .04 

. I  l l  l 1 

* Dosage schedules (all treatments of 5 c l a ~ s  cliiratioii) : 
Control, 1 nil 1iorina1 saline daily: A(’TH, 2 0  units of ACT13 gel daily; Doryl, 1.5 

t Differences between grand mean before treatment and nieniis of individual groiips a f te r  
treatment, including apparent declines i n  ACTH :ind cpiiic1)lirine groups, similarly ;ire not sig- 
nifican t. 

pg twice daily; E1~iiitq)liriiic, 0.4 iiig (ill o i l )  tlailg. 
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an overlap in the range from 350 to 450, the 
differences between means is highly signifi- 
cant (p = .001). In 5 patients with perni- 
cious anemia the mean value was 137. The 
patients in these 3 groups all had normal lev- 
els of blood urea nitrogen. In 9 patients with 
blood urea nitrogen over 20 mg 70 (range 20 
to 135), pepsinogen levels averaged 61 5 with 
standard deviation of 213. These data are 
reported to add our results to the literature 
confirming the significant elevation of blood 
pepsinogen in peptic ulcer, its depression in 
pernicious anemia, and its increase in renal 
failure. 
Discussion. Failure to produce an increase 

in blood pepsinogen consistently following 
acute administration of ACTH indicates that 
the level of this enzyme cannot be considered 
a sensitive and reliable index of adrenal corti- 
cal activation. The studies in rats in which 
pepsinogen and adrenal cortical activity were 
measured simultaneously clearly indicate that 
stimulation of the adrenals sufficiently intense 
to cause hypertrophy and depletion of 
ascorbic acid, will not raise blood pepsinogen 
and may perhaps lower it. Nor was an ap- 
preciable elevation of blood pepsinogen noted 
in human subjects receiving chronic or large 
doses of ACTH and/or steroids. Accordingly, 
an elevated level of blood pepsinogen need 
not indicate adrenal hyperactivity, nor should 
it be interpreted as evidence that the General 
Adaptation Syndrome is causally linked to 
the development of peptic ulcer. These con- 
siderations do not obviate the fact that pro- 
longed administration of ACTH or cortical 
steroids may produce an acute ulcer in some 
patients, after which pepsinogen may rise( 6). 
However, in such instances the adrenal hor- 
mone probably plays a permissive, rather 
than a causal, role and operates by increasing 
the sensitivity of the gut to stimuli previously 
not damaging( 13). Direct tissue changes, 
vascular disturbances, or changes in the char- 
acter of the mucous secretion of the stomach 
represent possible mechanisms for this action, 
which need not then be associated with a 
prior rise in pepsin secretion. 

The increase in urinary pepsinogen follow- 
ing ACTH or cortical steroids reported by 

Gray(5) is not explained by our data. Hirs- 
chowitz has demonstrated that gastric pepsin 
in the human does not increase regularly after 
ACTH while blood pepsinogen is essentially 
unchanged, and suggests that the increased 
urinary output reflects increased renal clear- 
ance and not increased production ( 6). These 
circumstances should of course result in an 
actual fall in blood pepsinogen, which is sug- 
gested by our data in rats and in the patient 
with impaired renal function whose blood 
level declined after ACTH. Accurate deline- 
ation of this problem however requires simul- 
taneous measurement of urine, blood, and 
gastric pepsin under a variety of conditions. 
The precise meaning of changes in levels in 
blood and urine might still be obscured be- 
cause the volume of blood considerably di- 
lutes the small quantities of pepsinogen avail- 
able for renal clearance, and the methods 
for measurement carry an inherent error of 
5 to 1070. Accordingly, until these argu- 
ments are clarified, i t  would seem well advised 
to consider blood pepsinogen only as an indi- 
cator of gastric activity which is fairly con- 
stant in most individuals, elevated in patients 
with peptic ulcer, and not influenced by 
acutely stressful situations. Changes which 
occur in chronic situations with deep-seated 
psychodynamic dislocations as described by 
Mirsky ( 14), probably have no direct rela- 
tionship to adrenocortical stimulation. 

Blood pepsinogen levels were 
measured in cats, dogs, rats, and man follow- 
ing acute and chronic administration of 
adrenocorticotrophic hormone and/or cortical 
steroids. Despite demonstration of adrenal 
cortical stimulation, pepsinogen activity did 
not increase. The data indicate that blood 
pepsinogen activity does not constitute an in- 
dex of adrenal cortical activation. 
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-4 chromatographic system was devised for 
the purification of growth hormone which ap- 
pears. in addition, to be generally useful for 
the fractionation of polypeptides. The system 
may be adapted to either of two means of sep- 
aration. The difference in maximal acetic 
acid concentration allowing adsorption on 
carboxymethylcellulose is sufficient to permit 
separation of some substances. Fractions 
which have similar adsorbaliility from acetic 
acid are separated by elution from carboxy- 
methylcellulose with weak solutions of neutral 
salts in acetic acid. The resolving power of 
the salt elution appears to be particularly 
high when the acetic acid concentration is 
rather near the maximum strength permitting 
adsorption. The appropriate acetic acid con- 
centration may be predetermined by small 
batch experiments: or by gradient elution 
from a column with the acid. 

Results. Esperiments with a purified 
growth hormone preparation indicated that 
adsorption occurred in acetic acid in strengths 
up to approximately 3.5 31. Gradient elution 
with acetic acid separated a minor compon- 

* I am grateful for the support this work has re- 
ceived from the Office of Naval Research and the 
Xational Institute of Arthritis and Metabolic Dis- 
a s s .  

ent. but most of the material appeared with a 
sharp front a t  about 3.6 hi but with extensive 
tailing and no further fractionation. Gradi- 
ent elution with calcium chloride in 1.0 M 
acetic acid eliminated the tailing and yielded 

P 
E 
n 
Ic 
6J 

P 

TO8 

C O C ~  
.OOI M + . O I ~ . O S ~ . I M  4 

l a ' l ( k .  1. 30 nig pig growth hormone preparation in 
1 . 1 )  >I acetic acid containing .001 M CaCl, on 3.5 g 

V:I ~l)os!.nlc~th\.lccllulose prewauhed with same solu- 
tion and packed under pressure. Column dimen- 
sions: 9 X 220 mm. Mixing flask for the gradient 
elution contained a constant vol of 120 cc. Flow 

rate, 7.4 ml/hr. 




