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ligan and Combs( 1 2 )  who showed that vit. 
BIZ activity is transmitted from the dam 
through the yolk of the egg. These workers 
also demonstrated that the diet of the dam 
had a direct influence on the amount of vit. 
BIZ activity contained in the egg yolk. 

The growth response of deutectomized 
chicks as compared with that of unoperated 
chicks in both experiments demonstrates that 
the yolk-removal operation had little or no 
effect on growth when the diet of the chick 
was adequately supplemented. Although no 
evidence was obtained in these trials to dem- 
onstrate the removal by deutectomy of nu- 
trients other than vit. BIZ, this procedure is 
considered to be of value as a means of re- 
ducing the initial “carry-over” of nutrients 
from the dam in day-old chicks. 

An operative technic for the 
removal of the yolk from day-old chicks has 
been described. This procedure was developed 
to render chicks relatively free of the nu- 
trients transmitted through the yolk from the 
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dam. Observations on the growth rate of 
deutectomized chicks as compared with that 
of unoperated controls show that the opera- 
tion had little or no effect on growth when 
an adequately supplemented diet was sup- 
plied. The results of these trials demon- 
strate that vit. BI2 or a substance possessing 
vit. BIZ activity was present in the yolk of the 
day-old chick and that it was removed by 
deu tec tomy. 
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Critical Evidence that Vagal Stimulation Does Not Release Gastrin. 
(18385) 
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-4t least 2 mechanisms have been shown 
unequivocally to result in the gastric secre- 
tion of hydrochloric acid: (a) A vagally 
mediated mechanism, which is physiologically 
activated by the thought, sight, smell and in- 
gestion of food; by stimulation of the vagus 
nucleus chemically with insulin-induced hypo- 
glycemia; or by electrical stimulation of the 
vagal trunks directly; and (b) a chemical 
mechanism, which is physiologically activated 
by the presence of food in the antrum of the 
stomach or by distention of the antrum and 
which is followed by the release of the hor- 
mone, gastrin. These mechanisms have gen- 
erally been considered to be independent of 
each other(1) although, in the normal course 

of ingestion and digestion of food, they may 
operate synchronously as well as successively. 
In  recent years, however, the view has been 
advanced that a more direct relation exists 
between the nervous and the hormonal phases 
of gastric acid secretion. Uvnas( 2 )  has pre- 
sented evidence from which he concluded 
that vagal stimulation during Ithe neural phase 
of gastric secretion leads to the release of 
the antral hormone, gastrin. This hypothesis 
is extremely attraotive, since it unifies the 

1. Dragstedt, L .  K., Woodwa.rd, E. R., Storer, E. 
H., Oberhelman, H. A., Jr., and Smith, C. A., PROC. 
soc. EXP. BXOL. ASD MED., 1950, 1.73. 676. 

2 .  Uvnas, B., Acla Physiol. Scand., 1942, 114, 
Supplement 13. 



50 \-AGUS DOES XOT RELEASE GASTRIN 

various phases of gastric secretion by a com- 
mon underlying neuro-humoral mechanism, 
and this possibility deserves careful considera- 
tion. I'vnas employed anesthetized dogs and 
cats. and stimulated the cervical vagi elec- 
trically. His findings. as summarized by him- 
self. fall into 2 main groups: First, the gastric 
secretion of HC'1 during vagal stimulation is 
greatly diminished i f  the pyloric region is 
deprived of its arterial blood supply, if the 
venous blood flow from that region is ob- 
structed, if the function of the pyloric mu- 
cosa is depressed by cocainization. or if the 
pyloric portion of the stomach is resected. 
Second. cross circulation experiments were 
interpreted as indicating that a gastric secre- 
tory agent is liberated from the pyloric region 
during vagal stimulation. These findings have 
been restated by Iiahlson, without essential 
addition of experimental evidence ( 3 ) , -41- 
though Babkin and Schachter(4) failed to 
con5rm the studies of Cvnas, the suggestion 
that vagal stimuli release gastrin still con- 
tinues to appEar in the literature from time 
to time( 5 ) .  More recently, Linde( 6 )  has 
reported his repetition of Vvnas' esperiments 
using anesthetized cats, in which secretion of 
HCI induced by vagal electrical stirnulation 
was diminished, but not completely abolished 
by ( a )  resection of the pyloric region, ( b )  
ligation of the arteries supplying this part 
of the stomach, and ( c )  cocainization of the 
p_vloric mucosa. 

I n  the course of some experiments per- 
iormed in this Laboratory( 7 ) ,  and desimed 
to compare insulin and food as stimuli in the 
differentiation of ~ a g a l  and non-vagal canine 
gastric pouches. evidence has been presented 
in part which bears directly on the question 
at  hand. The pertinence of these studies to 
the problem of the ~ g a l  release of gastrin 
has been commented on by Grossman in his 
-___ 
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recent comprehensive review oi gastrointes- 
tinal hormones(8) and 13:- LEnde(6). Be- 
cause the significance of these experiments 
does not seem to have been eenerally recog- 
nized, and because of the questions raised by 
these latter reviewers, the present report was 
designed to furnish critical e\-idence that vagal 
stimulation does not release gastrin in the 
dog. 

Four mongrel docs with vagally 
denervated (Heidenhain) pouches, were em- 
ployed in this stud!.. One oi the vagotoniized 
pouches was prepared from n vagal pouch 
(Hollander- Jemerin type). one was converted 
from a Yavlov pouch, one was prepared by 
the conventional Heidenhain technic, the 
fourth was prepared as a I'avhh17 pouch but 
had suffered destruction oi t h y  vagal f i b m  
supplying it,  so that i t  actually was of the 
Heidenhain variety. Y a p 1  stimulation was 
induced by the intravenous in-iection of 1 .2 -  
1.5 units of insulin in all 4 docs. and by sham 
feeding in one dog followin<c rsophagostomy. 
-411 dogs were fasted for at least 20 hours 
before each experiment. The experiments 
were started only when the ?v;retory activ- 
i t \ -  of the pouch had reached basal anacidity, 
i.c., 2 successive 1 j-minute simples were less 
than 0.2 ml in volume and contained no free 
HCI. -4dequate hypoglycemia was considered 
to have been secured if the blood sugar was 
depressed to 50 mg 100 ml or below. -1cidity 
was determined by  colorimetric titrimetric 
procedures previously descrilxd from this 
Laboratory (9) . Blood sugars were deter- 
mined in duplicate by the me;hod of Folin- 
11-u. as given by Reiner ( 10) .  

These 
3 dogs were stimulated 11 times with an ade- 
quate insulin-induced hypotylxcrmja. I n  all 
instances. 0.1-0.3 ml of vi: -cow mucus was 
obtained from the pouches during 2% hours 
of collection, but a t  no time n--ns even a trace 
of acid elicited. 

Dog S o .  118 was then subjecled to esopha- 
gostomy, and vagal s t i r n u l a t h  was induced 

J I ~ t h o d s .  

Results (Summarized in Tnhir I ) .  

_______ - 
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TA4BLE I. Respoiise of  Vagally Denervczted Caiiiiie Fuiiilic Pouches t o  Vagal Stimulation of Main Stomach. - 
Pouch response 
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Pouch responds to  food and 
histamine by acid secre- 
tion 

Same 

Same 

Same a n d  simul t a 11 e ously , 
main stomach responds to  
insulin hypoglycemia by 
acid secretion 

Same alla simultaneously, 
main stomach responds to 
sham feeding by acid se- 
cretjoii 

by sham feeding. In  4 experiments with 30 
minutes of sham feeding with cooked horse 
meat, there x7as again no secretory response 
in the vagally denervated pouch. 

The ability of all 4 of these vagally de- 
nervated pouches to secrete acid on the same 
day under other conditions was demonstrated 
by copious acid secretion following histamine 
given subcutaneously. The ability of the 
pouch to secrete in response to chemical stimu- 
lation of the main stomach was proven by 
large amounts of acid in the pouch following 
a meat meal. The adequacy of the vagal 
stimulation of the main stomach under the 
test conditions was confirmed in one of the 
dogs (No. 118) by the presence of large 
amounts of free HC1 aspirated from the main 
stomach during both insulin hypoglycemia 
and sham feeding. 

Discussion. These experiments indicate 
clearly that intense vagal stimulation of the 
main stomach by insulin-induced hypogly- 
cemia, or by sham feeding in the esophagosto- 
mized dog, did not result in the secretion of 
any acid whatever, by the vagally denervated 
(Heidenhain) pouch. Hence, i t  must be in- 
ferred that intense vagal stimulation of the 
main stomach with its pylorus and antrum 
intact did not release any hormonal or hu- 
moral factors capable of stimulating the se- 
cretion of acid by the vagally denervated 

pouch. Grossman(8) , in accepting these re- 
sults as constituting “crucial evidence in dis- 
proof of the possibility that \raga1 stimuli 
release gastrin,” added the proviso. &*unless 
the Heidenhain pouches studied by Jenierin 
were too refractory to respond to gastrin.” 
Linde (6) recognized also that this type oi evi- 
dence “suggests that stimulation of the vagaf 
secretory nerves does not lead to release of 
gastrin. However, the possibility exists that 
gastrin is really released, but in such small 
amounts that the pouch does not respond.” 
In this connection, it may be pointed out that 
the pouches were shown to be capable of 
responding both to histamine, and to food 
placed in the main stomach. Further. if the 
secretion of the main stomach following v a p l  
stimuli as suggested by Uvnas is due to re- 
leased gastrin, there does not seein to be any 
valid reason why the pouch should also not 
respond to the postulated circulating 9astrin. 
-Although the implications of our experiments 
seem clear cut, the conflicting evidence ( 2.6) 
previously cited, has not been completely ex- 
plained. Perhaps such explanation is unneces- 
sary, since Babkin and Schachter(3). in re- 
peating the Scandinavian workers‘ experi- 
ments, failed to confirm them, and demon- 
strated acid secretion by vagal stimulation in 
the complete absence of the pylorus and an- 
trum. These workers emphasized the import- 
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ance oi avoiding surgical trauma to the blood 
suppl!. of the stomach. 

controvert the evidence which indicated that 
local nervous pathways are involved in the 

This failure of vagal stimulation to release 
gastrin is consistent with the large body of 
experimental evidence which indicates that 
the mechanisms of the cephalic (neural) phase 
and of the gastric (hormonal) phase of acid 
secretion may operate quite independently of 
each other. This does not deny the possibility 
oi additive or synergistic action between these 
two mechanisms. S o r  does the present report 

release of gastrin by food in the stomach or 
by antral distention, but these are purely 
local ( 8) .  

Conclusion. The failure of vagally denerv- 
ated canine gastric pouches to secrete acid in 
response to intense vagal stimulation of the 
main stomach constitutes critical evidence 
that vagal stimulation does not release gastrin. 
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hIetabolisin of Sea Urchin Spermatozoa and Induced Anaerobic ,Motility 
in Solutions of Amino Acids. (18386) 
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The addition of any one of a number of 
different amino acids and peptides to suspen- 
sions of sea urchin spermatozoa in sea water 
has been found greatly to extend their func- 
tional life span ( 1 }. The period during which 
the spermatozoa retain their fertilizing ca- 
pacity in dilute suspensions. can be increased 
more than 50-fold by means of these agents. 
During the period of prolonged life span the 
spermatozoa remain highly motile. 

In  contrast with mammalian spermatozoa, 
the metabolism of sea urchin spermatozoa is 
predominantly aerobic( 2 ) .  I n  the absence 
of oxygen the spermatozoa soon become mo- 
tionless (3.4). Ordinarily, the respiration of 
sea urchin spermatozoa decreases with time 
following dilution, from a high initial rate to 
practically zero, concomitant with loss of mo- 
tility. It might, then, be expected that during 
the period of extended life and continuing 
tnotilitj- induced by added amino acid or 
peptide the respiration would remain a t  a 
level sitiiilar to that of a freshly diluted sus- 

Part ci  these investigaticns \yere carried out  
i t  t h e  hlarine Biological Laboratory. Woods Hole. 
> l a + .  n i t h  the a>-_ci.;tance o i  Mr .  Richard Glacs. 
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pension in ordinary sea water. The results 
of the present experiments show that such is 
not the case. 

Material and methods. The sea urchins 
d r 6 a c i ~  punrtuEata (obtained at Woods Hole, 
3Iass.) and Lytechims pictus (obtained at 
Corona del Mar, Calif.) were used in this 
work. The semen was obtained by the RCI- 
injection method( 5 ) .  Oxygen uptake was 
measured by means of Barcroft-'C'C'arburg 
manometers with conical, sisngle-side arm ves- 
sels of 16 to 20 ml volume in which sperm 
suspensions of 3 ml final volume were gen- 
erally used. Shaking was 85 to 95 c.p.m. and 
3 to 4 cm stroke. The  amino acid solutions 
were made isosmotic with sea water, at the 
p H  of sea water, and diluted with sea water 
to the desired concentration. Since, in pro- 
longed manometric experiments, growth of 
bacteria may be a factor in the results, de- 
terminations of their presence were made by 
microscopic examination and, in certain ex- 
periments, by platings on medium suitable for 
the growth of marine bacteria(6). I n  addi- 
tion use was made of penicillin in many of 
the experiments, to check bacterial growth. 

5. T:-ler, .4., The Collecting Net ,  1949, v19, 19. 
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