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pancreas in doses which are also effec- 
tive stimulants of gastric secretion. In 
these experiments no attempt was made 
to stimulate the pyloric pouch. 

Figure 2 shows the gastric and pan- 
creatic secretory responses when the 
pouch of the pyloric gland area was 
irrigated continuously with a dilute 
solution of acetylcholine chloride. The 
irrigating fluid was maintained neutral 
until a response was evident; it was 
then acidified to pH 1.0, and then re- 
turned to pH 7.0. Stimulation of both 
the stomach and pancreas induced by 
acetylcholine in the pouch was easily 
inhibited by acidification. We have ob- 
tained similar, though smaller, gastric 
and pancreatic responses by irrigation 
of the pyloric pouch with a 5-percent 
solution of a peptone (Bactoprotone, 
Difco) and also with a 5-percent solu- 
tion of liver extract. Again both re- 
sponses were inhibited by acidification 
of the irrigating solution. Attempts to 
distend the pouch by means of a bal- 
loon were unsuccessful in terms of both 
gastric and pancreatic responses, pos- 
sibly because of the mechanical diffi- 
culty of distending a pouch almost 
buried in the muscles of the abdominal 
wall. 

Since the pyloric pouch in these ex- 
periments was transplanted and was 
devoid of any nervous connections 
with the gastrointestinal tract, the re- 
sults indicate that a humoral agent, or 
agents, which excited both a gastric 
and pancreatic response was released 
by stimulation of the pouch. Although 
it is possible that acetylcholine or the 
protein hydrolysates were absorbed 
from the pouch and stimulated the 
stomach and pancreas directly, Robert- 
son et al. (7) have shown conclusively 
that the gastric response to acetylcho- 
line placed in a pyloric pouch cannot 
be attributed to absorption of the 
stimulant. 

The demonstration that the same 
substances which are known to release 
gastrin from the pyloric gland area 
were effective stimulants of pancreatic 
secretion when introduced into the 
pouch supports the hypothesis that 
gastrin is also a pancreatic stimulant. 
The important observation that the ef- 
fects were abolished by acidification 
of the antrum confirms this view; the 
release of gastrin from the pyloric 
gland area has been shown to be in- 
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have been augmented rather than in- 
hibited by acidification. The similarity 
between the gastric and pancreatic re- 
sponses to both exogenous gastrin and 
to release of endogenous gastrin by 
stimulation of the pouch is further 
evidence for the hypothesis that gastrin 
is a physiological stimulant of pan- 
creatic as well as gastric secretion. 

R. M. PRESHAW 
A. R. COOKE 

M. I. GROSSMAN 
Veterans Administration Center and 
Departments of Physiology and 
Medicine, University of California, 
Los Angeles 
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Response of the Rabbit Oviduct 

to a Tissue Adhesive 

Abstract. Sexual sterilization of mam- 
mals by the production of an obstruc- 
tion at the tubo-uterine junction has 
been reevaluated experimentally. The 
application of 0.15 ml of methyl 2- 
cyanoacrylate monomere to the junc- 
tion in rabbits produced, at intervals 

from 1 to 6 weeks later, histological, 
hydrodynamic, and functional evidence 

of tubal obstruction. 

Current techniques to produce per- 
manent sterilization of the human fe- 
male require abdominal surgery. A 
transcervical technique which is simple, 
safe, acceptable, and reliable would un- 
doubtedly prove useful as a contra- 
ceptive method. The first known at- 
tempt to achieve this goal was reported 
in 1849, when a method was described 
which involved placing sufficient silver 
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manent sterilization of the human fe- 
male require abdominal surgery. A 
transcervical technique which is simple, 
safe, acceptable, and reliable would un- 
doubtedly prove useful as a contra- 
ceptive method. The first known at- 
tempt to achieve this goal was reported 
in 1849, when a method was described 
which involved placing sufficient silver 
nitrate at the uterine cornu to produce 
scarring and cornual obstruction (1). 
In 1878 Kocks suggested the use of 
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electric cautery to produce cornual 
strictures, and since then a number of 
investigators have reported their experi- 
ences with this technique (2). A few 
workers. claim permanent cornual ob- 
struction, as determined by tests of 
oviduct patency in 80 to 90 percent of 
patients (3), but others have reported 
considerably less effective results (4). 

We have reevaluated the cornual ob- 
struction approach to sterilization. New 
Zealand white rabbits were used in the 
experiment. Potent chemical cauteriz- 

ing agents such as phenol, trichloro- 
acetic acid, and zinc chloride were in- 
troduced directly into the upper uterus 
and oviduct by means of a cannula 
passed through a small incision in the 
uterine wall. A number of different con- 
centrations of each material were used; 
saturated phenol solution was the only 
material which produced significant tu- 
bal obstruction. Phenol was, not studied 
further, however, because obstruction 
could not be produced consistently and 
the chemical was thought to be the 
cause of early postoperative deaths in 
three of the nine animals in which it 
was used. 

The effect of a tissue adhesive, 
methyl 2-cyanoacrylate monomere (5), 
was also investigated. This material has 
been studied experimentally during the 
past 5 years for such purposes as join- 
ing blood vessels and gut, repairing the 
lung and trachea, closing the skin, fix- 
ing skin grafts, and producing hemo- 
stasis in liver and kidney wounds (6). 
The effect of the monomere on the re- 
productive organs, particularly on the 
oviduct, has not to our knowledge been 
described. 

The monomere was administered 
with a fine-gauge polyethylene catheter 
insinuated through a 0.3-cm incision 
made in the uterine horn 2 cm caudad 
to the tubo-uterine junction. The tip of 
the tubing was placed by palpation at 
the junction and approximately 0.15 
ml of monomere was ejected slowly. 
The catheter was maintained in posi- 
tion with as little pressure as possible 
for approximately 10 seconds, and 
gently withdrawn from the uterus. The 
uterine incisions were not closed. 

Both tubo-uterine junctions of each 
of five rabbits were treated with mono- 
mere. There were no operative com- 
plications. The rabbits were killed at 
1, 2, 3, 4, and 6 weeks after operation. 
After the death of a rabbit we removed 
the uterus and attempted to force phys- 
iological saline containing methylene 
blue through the uterine horns into the 
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Fig. 1. Cross section of isthmic portion of rabbit oviduct. (Left) untreated; (right) 6 
weeks after treatment with monomere. 

oviducts as a test of patency. Patency 
could not be demonstrated in any 
monomere-treated uterus but was uni- 
formly demonstrated in the controls. 
An occlusive process occurs after ovu- 
lation at the tubo-uterine junction in 
the rabbit (7) but attempts to demon- 
strate this mechanism histologically 
have not been productive (8). We 
thought that this functional phenome- 
non did not interefere with the evalu- 
ation of patency in this study. 

The uteri were examined histolog- 
ically by serial sections through the 
tubo-uterine junction and the oviduct. 
Sections of the untreated junction dem- 
onstrated a patent lumen (Fig. 1, left). 
In the obstructed areas of the rabbit 
killed 6 weeks after treatment with 
monomere (Fig. 1, right) the epi- 
thelium was destroyed and there was 
extensive fibrosis and foreign body 
giant cell reaction with numerous 
chronic inflammatory cells. Six weeks 
after treatment no large masses of 
the monomere could be identified, but 
a number of macrophages contained 
small particles of basophilic material 
thought to be the monomere. These 
tissue reactions to the monomere in 
the uterus are similar to those de- 
scribed in other tissues by previous in- 
vestigators (9). 

Six additional rabbits were operated 
on in the manner described. The uteri 
of two were treated with the monomere 
bilaterally, another two were treated bi- 
laterally with normal saline instead of 

the monomere, and the last two ani- 
mals were treated with monomere on 
one side and saline on the other. Be- 
ginning 1 week after surgery, these 
animals were bred at random to proven 
males. Within 1 month all of the six 
saline-treated uterine horns contained 
viable embryos. Only one of the six 
monomere-treated horns contained an 
embryo. This single embryo had im- 
planted at the cervical end of a mono- 
mere-treated horn, adjacent to a saline- 
treated horn, probably because occlu- 
sion on the monomere-treated side was 
incomplete. It is also possible, but less 
likely, that a fertilized ovum from the 
contralateral side had migrated through 
the contralateral cervical canal, the va- 
gina, and the cervical canal on the 
monomere-treated side. 

Studies are now under way to deter- 
mine if this method is applicable to 
other animal species. An instrument is 
being developed to be passed through 
the cervix of the primate uterus to 
make possible treatment of the cornual 
regions without laparotomy. 

PHILIP A. CORFMAN 
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Bethesda, Maryland 20014 
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Hemoglobin and Oxygen: Affinities in 

Seven Species of Sciuridae 

Abstract. Studies of the respiratory 
function of the bloods of seven species 
of squirrels suggest that, in the evolu- 
tion and adaptive radiation of this 
group, the oxygen affinity of hemo- 
globin has changed in a manner to 
better adapt the various species to dif- 
ferent ways of life and different habi- 
tats. These changes are shown by the 
relative positions of the oxygen-disso- 
ciation curves of bloods of several 
species having dissimilar habits and 
environments. 

Rodents are the most numerous of 

mammals, in both number of individ- 
uals and number of species. Rodents 
are also old in evolution, having their 

origin in early Eocene. One well-de- 
fined family of rodents is the Sciuri- 

dae, or squirrels, which are almost 
worldwide in distribution. One of the 

interesting features in the natural his- 

tory of squirrels is that they show 
considerable adaptive radiation. Some 
show burrowing habits, some are ar- 

boreal, some terrestrial; some can 
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boreal, some terrestrial; some can 
move by "gliding." Some species are 

solitary in habit, while others live in 

great colonies. Some are diurnal in 
habit while others are nocturnal. These 
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features make the group an interesting 
one for physiological studies. 

Seven species of squirrel became 
available during a study of rodents' 
blood: the common American marmot, 
Marmota monax; the antelope ground 
squirrel, Amnospermophilus harasii; 
the round-tailed ground squirrel, Sper- 
mophilus tereticaudus; the thirteen- 
striped ground squirrel, S. tridecemli- 

neatus; the gray squirrel, Sciurus caro- 

linensis; the prairie dog, Cynomys 
ludovicianus; and the flying squirrel, 
Glaucomys volans. Respiratory func- 
tions of blood of prairie dogs. had been 

previously studied (1). 
Blood samples were drawn by direc,t 

cardiac puncture; animals were tran- 

quilized by small intraperitoneal injec- 
tions of Nembutal, and minimal 
amounts of heparin were used as an 

anticoagulant. Blood samples were kept 
cold pending transfer to tonometers; 
all tonometric analyses were com- 

pleted within 2 hours of blood with- 
drawal. In all instances mature adult 
animals in good physiological condi- 
tion were used; no gross pathology 
was apparent at autopsy. An abbrevi- 
ated description of the methods of 
blood equilibration (1) follows: Both 

oxygen and carbon dioxide were mea- 

sured by use of 0.5-ml pipettes; the 

procedure used for these combined 

analyses has been described by Van 

Slyke and Neill (2). After blood was 

delivered to the Van Slyke apparatus, 
the remaining volume was extruded 
into a volumetric flask (50-ml) con- 

taining Drabkin's reagent. The pipette 
volume up to the lower mark was 

rinsed several times with this reagent; 
this solution was used for determina- 

tion of total hemoglobin; the factor of 

1.34 times the gram percentage of 

hemoglobin was used to give the total 

oxygen capacity of hemoglobin. Total 

oxygen capacity of a sample of blood 
was also determined by saturation of 

the blood with a pO2 of 200 mm-Hg. 
Both methods employed for determi- 
nation of oxygen capacity agreed with- 

in the errors of the analytical methods. 

Measurement of oxygen capacity on 

the same sample of blood as used in 

the Van Slyke analysis has obvious 

advantages. 
Gas used in tonometric equilibration 

was delivered from large cylinders of 

mixed gases which had been analyzed 
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cold pending transfer to tonometers; 
all tonometric analyses were com- 

pleted within 2 hours of blood with- 
drawal. In all instances mature adult 
animals in good physiological condi- 
tion were used; no gross pathology 
was apparent at autopsy. An abbrevi- 
ated description of the methods of 
blood equilibration (1) follows: Both 

oxygen and carbon dioxide were mea- 

sured by use of 0.5-ml pipettes; the 

procedure used for these combined 

analyses has been described by Van 

Slyke and Neill (2). After blood was 

delivered to the Van Slyke apparatus, 
the remaining volume was extruded 
into a volumetric flask (50-ml) con- 

taining Drabkin's reagent. The pipette 
volume up to the lower mark was 

rinsed several times with this reagent; 
this solution was used for determina- 

tion of total hemoglobin; the factor of 

1.34 times the gram percentage of 

hemoglobin was used to give the total 

oxygen capacity of hemoglobin. Total 

oxygen capacity of a sample of blood 
was also determined by saturation of 

the blood with a pO2 of 200 mm-Hg. 
Both methods employed for determi- 
nation of oxygen capacity agreed with- 

in the errors of the analytical methods. 

Measurement of oxygen capacity on 

the same sample of blood as used in 

the Van Slyke analysis has obvious 

advantages. 
Gas used in tonometric equilibration 

was delivered from large cylinders of 

mixed gases which had been analyzed 
in my laboratory. Gases were com- 

pletely saturated with water vapor at 

the temperature of equilibration; this 

becomes very important when small 
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Table 1. Constituents of bloods of various 
species of squirrel. Numbers of specimens, fol- 
lowed by average body weights (g), appear in 
parentheses. 

Hemo- Hematocrit Eryth- 
globin (% eryth- rocytes 

(g/100 ml ) rocytes) (1 O-mm3) 

Marmot (4/2840) 
13.2 38.9 6.31 

Gray squirrel (5/505) 
14.4 44.2 7.73 

Prairie dog (9/1280) 
15.1 47.3 9.50 
Round-tailed ground squirrel (5/282) 
12.6 40.5 7.31 

Antelope ground squirrel (5/100) 
13.2 42.2 8.39 

Thirteen-striped ground squirrel (3/153) 
14.9 45.8 10.67 
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samples of blood are equilibrated in 

open tonometers. Equilibrations of all 

samples were for 20 minutes at 37?C. 
Determinations of hemoglobin, hem- 

atocrit, and red blood count were also 
made. Hematocrit values were found 
by use of a microhematocrit centri- 

fuge. Blood counts were made by the 
orthodox method of dilution and 

counting on a Neubauer slide. Hemo- 

globin values were determined with an 

Evelyn photocolorimeter; hemoglobin 
was read as metcyanhemoglobin. 

Oxygen-dissociation curves of blood 
from seven species of squirrels are 
shown in Fig. 1; the curves are drawn 

through the average values obtained. 
No attempt was made to determine 

oxygen saturation below 15 percent 
or above 85 percent. Oxygen pressure 
to attain 50-percent saturation of the 

blood, where the ratio of hemoglobin 
to oxyhemoglobin was 1:1 at pH 7.40 
and 37?C, had a standard deviation 
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4 13 Lined Ground Squirrel 
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Fig. 1. Oxygen-dissociation curves of 
whole bloods of seven species of squirrel. 
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