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In spite of the large amount of work done in
the past 30 years to determine the site of
origin of glucagon, there is as yet no general
agreement as to whether or not glucagon is
the alpha cell hormone(1-5). Some have con-
sidered that the alpha cell is the source of
glucagon because of differences in insulin re-
quirement of alloxan(6) and metahypophys-
eal diabetes(7) as compared to that of surgi-
cal diabetes(8). This opinion is supported by
the presence of a hyperglycemic factor in ex-
tracts from normal, alloxanized, and alloxan-
ized duct ligated pancreas(3). An alternative
explanation for the differences in insulin re-
quirement was that in surgical diabetes intes-
tinal absorption of nutriments is limited(9).
This latter view was controverted by other ex-
periments with duct ligated alloxan diabetic
dogs(10). A hyperglycemic factor, appar-
ently identical with glucagon, is present in the
stomach of the dog. This was considered to
confirm the origin of this substance from the
alpha cell of the pancreas because of supposed
similarity of argentaffin cell of the stomach
with the alpha cell(1). Furthermore in one
report, gastro-intestinal argentaffin cells are
implicated in disturbances in carbohydrate
metabolism(11). However, other workers
have not found any correlation between tu-
mours of these cells and diabetes(12). Simi-
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larly, glucagon could not be extracted from
the stomach of the hog despite the presence
of argentaffin cells(1). The lack of identity
between the alpha cell and the intestinal ar-
gentaffin cell, originally demonstrated by Mas-
son in 1924, has recently been confirmed(13,
14). It would therefore be erroneous to con-
sider that the presence of a hyperglycemic
factor in tissues containing argentaffin cells
supports the conclusion that the alpha cells
serve as the source of glucagon. The discov-
ery of chemical agents apparently capable of
damaging alpha cells, rather than clarifying
this problem, gave further contradictory re-
sults(3-5). Some workers reported allevia-
tion of diabetes by cobalt(15,16), and diethyl-
dithio carbamate(16). Others reported no ef-
fect of either of these agents or of synthalin
A on the severity of alloxan diabetes
(13,17,18). In some studies extracts from
the pancreas of cobalt treated animals have
been reported to contain lesser quantities of
glucagon than normal(4,19). On the other
hand, one of us(5,20,21), using qualitative
methods of glucagon assay could detect no
significant differences between normal and
cobalt treated pancreas. Others have reported
that cobalt treatment increases the glucagon
content of the rabbit pancreas, while synthalin.
A causes its complete disappearance(22). In
this connection, it is of interest that the lesions:
reported by various investigators after cobalt,
are not always identical; it seems to vary with
the animal species, the dose and the route of
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FIG. 1. Tracing of outline of dog pancreas. Lon-
gitudinally striated portions A, B and C were free
of alpha cells while the remainder contained these
cells. Cross hatched areas indieate tissue examined
histologically.
administration(4,5,13,23,24).

As was previously pointed out, it has not
been possible by the use of cobalt to prepare
pancreas which are completely devoid of alpha
cells(4,5). However, it has recently been
demonstrated in this laboratory that the dog
pancreas can be divided into two portions; one
which does not contain alpha cells and which
corresponds roughly to the uncinate process,
and the balance of the pancreas which con-
tains alpha cells(25). This finding enables a
reinvestigation of the problem of the relation-
ship of glucagon to alpha cells, since pancre-
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atic tissue completely devoid of these cells
is available for extraction,

Material and methods. The entire pancreas
was removed from 6 normal mongrel dogs
weighing between 15 and 20 kg which had
been killed by exsanguination from the aorta
after preliminary nembutal anesthesia. A
tracing of the outline of the pancreas was
made and the uncinate process was then di-
vided into portions of approximately 1 to 2.5
g each. A complete transverse section of the
proximal end of each portion was taken for
histological examination and the position of
these biopsies was recorded on an outline of
the pancreas as indicated by the example in
Fig. 1. In addition, transverse sections for
morphologic study were obtained from the
body and splenic end of the pancreas. The
portions of the uncinate process and also the
remainder of the pancreas were each immedi-
ately placed, separately, in acid alcohol and
minced. Extracts prepared by the method of
Best et al.(26), were dried and kept in the re-
frigerator until ready for use. The tissue for
histological study was fixed in Zenker-Formol
solution and sections were subsequently
stained with Masson’s trichrome, Gomori’s
chrome alum hematoxylin(27), Gomori’s Al-
dehyde Fuchsin(28) and Mallory-Heiden-
hain-azan(29). In addition portions of the
pancreas from the uncinate process and body

TABLE I. Blood Sugar Response of Fasting Anaesthetized Normal Cats to Intravenous In-
jeetion of Dog Pancreatic Tissue. (A) Containing alpha cells; (B) Devoid of alpha cells.

————Blood sugar, mg % ———
Min. after admin. of

Before extract
Material injected Dose,g* Dog inj. 5 100 15 20" 25
A. Extract of alpha cell eontaining 1 L 9 122 172 204 200 164
portion of pancreas ” ” 94 131 142 147 133 109
” ” 111 180 200 202 200 145
" L12 115 169 202 197 187 177
” L13 137 194 200 198 192 140
” ”? 124 137 200 200 182 182
40 L12 87 117 112 82 69 65
” ” 102 126 124 110 107 92
” " 114 120 136 120 107 109
B. Extract of panereatic tissue 1 L 9 112 110 108 100 85 67
devoid of alpha cells ” ” 110 115 106 92 82
(uncinate process) ” ” 104 100 92 83 74 66
” L12 112 112 108 97 88 88
” L13 129 127 120 112 101 103
4 L1i2 90 103 102 76 65 &3
” L15,16,17 114 120 110 94 90 82

* Caleulated in term of wt of fresh pancreas.
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FIG. 2. Pancreatic islet from the alpha cell econtaining portion of pancreas. Dark finely gran-
ulated cells in center of islet are alpha cells and stained black in the original preparatlon
Zenker-Formol, Masson’s Trichrome X 1045,

of 3 of the dogs were placed in 10% formol
and impregnated with silver according to Fon-
tana’s method. For estimating the glucagon
content the dried extracts were dissolved in
physiologic saline (0.9% sod. chloride) acidi-
fied to pH 2.4 with HCl. One cc of solvent
was used for each g of pancreas. The pro-
cedure suggested by Staub and Behrens(30)
was followed. After an overnight fast, normal
cats weighing between 214 and 3% kilo re-
ceived 75 mg/kilo of sodium amytal. The in-
guinal veins were exposed bilaterally and du-
plicate blood samples were obtained just prior
to, and at 5, 10, 15, 20, and 25 minutes
after the injection of the test material into the
contralateral vein. The blood glucose was
determined by a micromodification of the
Folin-Wu method(31). Extracts of 1 g of
pancreatic tissue from each of the various por-
tions were tested as per Table I. In addition
1/10 g portions of the body of the pancreas
(Dog L 12) were tested in triplicate. Also,
extract from 4 g of the uncinate process of
Dog L 12 and a 4 g portion prepared by
pooling the extracts from the uncinate process
of dogs L 15, 16, 17, were used.

Results. Examination of the histological
sections showed that most of the uncinate
process, which amounts to approximately 15

to 20% of the total weight of the pancreas, is
devoid of alpha cells. The islets of this por-
tion are smaller than those of the rest of the
pancreas and are roughly estimated to be, at
most, only 1/10 of the volume of the latter.
In addition, the islets of the uncinate process
contain certain cells which stain red with the
Masson trichrome in contrast to the alpha
cells which stain black when a well ripened
haematoxylin is used (Fig. 2 and 3). Argen-
taffin cells were demonstrated by the Fontana
silver method in both portions of the pancreas,
and seemed to be related to the medium sized
ducts. No difference was observed in their
number in either area.

The changes in blood sugar levels of the
fasting anesthetized cats after the injection of
each extract are represented in Table I. As
was to be expected, the alpha cell containing
portion of pancreas uniformly .elicited an ini-
tial marked hyperglycemic response. The
peak value, with 1 cc of extract, was reached
at 10 to 15 minutes after injection and ranged
from 53 to 91 mg% above the initial level.
The blood sugar did not return to the fasting
value by 25 minutes. On the other hand, one
cc of extract from the portion of pancreas de-
void of alpha cells did not cause an initial rise
in the blood glucose concentration, except in
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FIG. 3. Pancreatic islet from the region of pancreas devoid of alpha cells, Dark cells with
rather coarse granules are X cells and stained deep red in the original preparation. Zenker-
Formol, Masson’s Trichrome X 1045.

one instance (L 9), where it was only 5 mg%.
‘The 10-minute value was only 4 to 12 mg be-
low the fasting level. By 15 minutes the in-
sulin effect was somewhat more obvious with
values of 12 mg% to 25 mg% and at 25 min-
utes the values varied from 24 to 45 mg%
below the fasting level.

In view of the differences in islet volume
-observed morphologically 1/10 g equivalents
of extracts from alpha cell containing portions
and 4 g equivalents from the uncinate process
‘which is devoid of alpha cells were also tested.

With the 1,10 g portions from the body,
the initial hyperglycemia was less, ranging
from 22 to 30 mg% above the fasting level
and the peak was reached at 5 to 10 minutes
after the injection. Thereafter, the blood
sugar declined so that at 25 minutes the value
ranged from 10 to 22 mg% below the initial
level (Table I). The 4 g portion, from the
areas devoid of alpha cells, also elicited a very
mild initial blood sugar rise of 6 and 13 mg%
:above the fasting value at the 5 minutes speci-
men. This was followed by a decline of the
blood sugar of 37 mg% and 32 mg% respec-
tively at the 25 minutes specimens.

Discussion. The results of these experi-
ments demonstrate an almost complete lack
of hyperglycemic effect of extracts from the

portion of pancreas devoid of alpha cells as
compared to the remainder of the pancreas.
However, the fact that a significant decline of
the blood sugar did not occur until the 15
minutes specimen when 1 g portions of un-
cinate process were used, suggests the presence
in the sample of an anti-insulin factor. The
very mild initial hyperglycemia obtained with
4 g portions leads to a similar inference.
Whether despite the lack of alpha cells this
anti-insulin effect is due to glucagon, is open
to question. Since the whole area of pancreas
used for the extract cannot be examined in
each case, it might be argued that some alpha
cells were present. However, in other work it
was demonstrated by consecutive longitudinal
sections that the transition between the area
devoid of alpha cells and the alpha cell con-
taining area is quite abrupt(25). Therefore
complete cross sections of the pancreas as per-
formed in this study enable the separation of
these two areas. It may be that the moderate
hyperglycemia in this instance is a non-spe-
cific effect due to the large amount of foreign
protein present in crude extracts.

Because of the interest in the argentaffin
cells as a possible source of glucagon, these
were also studied. However, only very oc-
casional Fontana silver positive cells which
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identify the argentaffin cells, were found ran-
domly distributed throughout the entire pan-
creas. It is therefore most unlikely that these
cells do serve as a source of glucagon.

In view of the blood sugar changes obtained
with the extracts from the uncinate process,
it is not possible to conclude definitively that
glucagon is derived from alpha cells. How-
ever, the clear differences in the results when
1 g aliquots from 2 portions of the pancreas
were used, does provide evidence for the view
that alpha cells produce glucagon. At the
present time, no other explanation is available
for these differences. :

Similar conclusions have been drawn from
quantitative assays of extract of cobalt treated
guinea pig pancreas which showed a 60% re-
duction in glucagon content(31). In another
study using a qualitative method of assay, a
mean diminution of 10% in the hypergly-
cemic activity of extract of cobalt treated dog
pancreas, as compared with the normal was
reported(19). On the other hand no signifi-
cant difference in the glucagon content of ex-
tract of cobalt treated and normal dogs were
found by other workers(5,20,21). These
workers stated that since many alpha cells
were still left in the pancreas after cobalt
treatment, and since the method of assay was
qualitative rather than quantitative, a moder-
ate reduction in glucagon content may not
have become apparent. In the present study
although there was a marked reduction of glu-
cagon content in extracts from the uncinate
process, the blood sugar curves from this area
still indicate a minimal anti-insulin effect.
This may have been a non-specific action be-
cause of the crudity of the extracts. Further
assays of purified material seem to be neces-
sary to resolve the problem of whether small
amounts of glucagon are actually present in
the area devoid of alpha cells.

Summary. Most of the uncinate process of
the dog pancreas is devoid of alpha cells,
whereas these are found in the remainder. On
the other hand argentaffin cells are sparsely
but evenly distributed throughout the pan-
creas. Extracts of the portion of pancreas de-
void of alpha cells show no hyperglycemic
activity when 1 g aliquots are used. When 4
g portions are employed, a very mild initial
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hyperglycemia does occur. These findings are
interpreted to support the opinion that gluca-
gon originates from the alpha cells but are
not definitive.
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In order for an infectious agent to multiply
within its host cell it must, of course, enter the
cell by passing through the cell boundary.
Since this portion of the cell is relatively im-
permeable even to molecules of moderate size,
the passage of a particle as large as a bac-
terium or virus might be expected to be an un-
usual process. In the case of some of the bac-
teriophages it is apparently necessary only for
the nucleic acid portion of the viral particle to
enter the cell, the structural material of head
and tail remaining on the outside of the cell
wall(1). Such dissociation of wviral nucleic
acid from protein may later be found also in
the animal viruses, yet it seems certain that
with some of the larger infectious agents which
multiply intracellularly, such as the rickettsiae
and the leprosy bacillus, that the infectious
agent enters the cell in intact form. The
mechanism by which the infectious agent
passes the cell membrane would thus appear
to be an important factor in determining
whether or not a cell is susceptible, that is,
whether the agent can multiply within the cell.
One such mechanism by which the infectious
agent could pass the cell membrane could be
the engulfment of the particle by the host cell,
and it is possible that many of the differences
between the growth of bacterial and animal
viruses depend upon this activity by animal
cells. The engulfment of droplets (pinocyto-
sis) has been observed in “phagocytic” cells
and cells of malignant origin, including the

* The author wishes to acknowledge the capable
technical assistance of Mrs. Mary Eleanor Jones.

HelLa cell, by Gey et al.(2) and the engulf-
ment of particles (phagocytosis) has also been
described for many animal cells. The cate-
goric separation of cells into “phagocytes” and
“non-phagocytes” is unfortunate in this con-
nection, because the difference between cells
such as macrophages and fibroblasts is in de-
gree of engulfing activity, rather than presence
or absence of this activity.

Experiments described below deal with
HeLa cells and the relationship between their
phagocytic activity and the culture medium
placed on them. It is seen that when HeLa
cells are made more phagocytic by the use of
media containing certain horse serums, human
tubercle bacilli quickly enter the cell where
they then grow luxuriantly, even when the me-
dium is subsequently changed to one contain-
ing human serum, in which phagocytosis is at
a minimum. If one examines a HeLa cell cul-
ture a few days after it was infected with the
tubercle bacilli, large increases in the amount
of intracellular growth are observed to result
from the use of suitable horse serum media
during the first day of infection, so that in
effect the HeLa cells have been rendered more
susceptible to this infection.

Materials and methods. The HeLa cells
were grown on cover slips in flat-sided tubes.
The cultures of the HeLa cells were started
from cultures in 400-ml square bottles, the
growth being washed 3 times with BSS
(Hanks’ balanced salt solution without sodium
bicarbonate) then pushed off with a rubber
policeman into 5 ml of the growth medium of



