
library

ABSTRACT

Cecil C. Frost. STUDIES ON THE ENDOCRINE CELL TYPES OF THE FETAL RAT

PANCREAS AND GASTROINTESTINAL TRACT. (Under the direction of Dr. Michael

R. Schweisthal) Department of Biology. June, 1977.

This thesis presents three histochemical studies on the fetal rat

Islets of Langerhans, and notes on staining of fetal gastrointestinal

endocrine cells. In the first section, staining techniques were developed

for differentiating fetal A, B and D cells, which were the only well

documented cell types of the pancreatic islets when these studies were

begun. Two dependable methods for identifying B cells had existed for

some time (aldehyde fuchsin and the fluorescent antibody method for insulin),

but no stains had been successful for fetal A or D cells. In the process

of developing these techniques, a 4th cell type was found.

The second section is a developmental study. The stains derived above

were used to determine the earliest appearance of each of the four cell

types in the fetal pancreas. Then the development of the islets of Langerhans

was studied, noting changes in size, shape and relative abundance of the
«

four cell types from the earliest stainable stage, each day through birth

and the first postnatal week, and then at weekly intervals thereafter

until adulthood. The most remarkable finding was the abundance of the 4th

cell type in the fetus, its decline after birth, and scarcity in the adult.

In the third section, the same techniques were used to follow changes

in islet morphology and islet cell populations which occurred in pancreas

grown in organ culture. Thirteen day old fetal pancreas was placed in
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culture on sterile grids and collected for study after 10 days. Eighteen

day old pancreas was also placed in culture and collected every other day

for periods up to 30 days. While all four cell types were still present

at the end of 30 days, drastic changes were seen in the relative proportions

of the cell types. A mechanism was also observed by which apparently

healthy islets were being destroyed by fusion with fluid-filled exocrine

sacs, which may have contained proteolytic enzymes. Ways to overcome this

problem were suggested.

Virtually no work has been done on the histochemistry of fetal

gastrointestinal endocrine cells. The fourth section contains a review

of the literature, and some notes on endocrine cells of the fetal

gastrointestinal tract, seen when this material was included on slides

of fetal pancreas being stained for the studies above.
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STAINS FOR A, B, AND D CELLS, AND A FOURTH

CELL TYPE IN FETAL RAT ISLETS

ABSTRACT, PART I. Twelve techniques often used for identification of A,
B, and D cells in adult islets of Langerhans were applied to fetal rat
pancreas. Modifications were tried with many of these techniques. Two
Indole methods (xanthydrol and the postcoupled benxylidene reaction) and
a cryostat technique using o-phthalaldehyde failed to stain fetal islets.
Phosphotungstic acid hematoxylin and lead hematoxylin lightly stained
fetal A cell granules in Helly's-fixed tissue. The Grimelius silver
nitrate technique stains adult rat A cells but failed to stain fetal cells.
A modification of this technique stained fetal A cells and a possible
4th cell type. The specificity of this method was confirmed by restaining
stained cells with the fluorescent antibody technique for glucagon and
with pseudoisocyanin. B cells, as previously reported, were readily
stained by the aldehyde fuchsin technique and by the fluorescent antibody
method for insulin. Fetal D cells were not stained by the Hellerstrbm-
Heilman alcoholic silver nitrate method, nor did they display pseudoiso-
cyanln metachromasia after acid hydrolysis, but they did fluoresce
brightly with this technique when viewed with UV light. It was thus
possible to distinguish the three usual cell types, plus a possible 4th
type, in the fetal rat islets.

INTRODUCTION

Current medical practice utilizes three basic therapeutic methods

for treatment of diabetes mellitus, depending on the severity of the

condition. Some patients may be managed with only dietary restrictions,

others require hypoglycemic drugs, which increase output of pancreatic

insulin, while severe cases require once or twice-daily injections of

insulin. While staving off the worst effects of' diabetes, these methods

are often inadequate. The pancreatic islet B cells monitor the changing

blood glucose levels, and release insulin as needed. An injection of

insulin to lower blood sugar once or twice a day in no way approximates

the fine tuning of the natural insulin-releasing mechanism. As a result,
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th.e diabetic can still expect a gradual deterioration.

Diabetes research is currently pursuing two main avenues in the

search for an effective remedy for the disease. One solution being ex-

plored is the development of an artificial B cell. This would involve

Implantation into the body, of a small glucose sensor and a refillable

reservoir of Insulin ( Bessman et al. 1972, Soeldner et al. 1973, Bessman

et al. 1974, Chick 1974, Scharp 1974, Bessman 1975, Leibel and Alblssner

1975, Soeldner 1975, Thomas et al. 1975). Glucose would be monitored

constantly and insulin released as needed, approximating the natural

situation.

The other emphasis has turned to the possibility of transplanting

isolated islets of Langerhans as a source of insulin (Ballinger and

Lacy 1972, Hegre et al. 1972, Lazarow et al. 1973, Leonard et al. 1973,

Sutherland et al. 1974, Chick et al. 1975 a,b, Mauer et al. 1975,

Scharp et al. 1975, Steffes et al. 1975). If successful this solution

would also restore the natural fine-tuned insulin response to blood

glucose, and would avoid the need for refilling an insulin reservoir or

dealing with possible malfunctions of a mechanical device.
«

Prime sources for such transplant material could be fetal Islets,

or neonatal islets from premature births. For this reason it is necessary

to acquire a thorough understanding of pancreatic embryology.

One current theory (Pearse and Polak 1971, 1973) holds that the

endocrine cell types of the pancreas (and probably of the whole gut)

are derived from neural crest cells which migrate down the primitive

gut and colonize it some time prior to évagination of the pancreatic bud.

This occurs after about II days of gestation in the rat. From this
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simple bud a branching epithelial tree forms, giving rise to the ductal

system and acinar sacs of the exocrine pancreas. According to this model,

the endocrine pancreas, or islets, is believed to be derived from the

neural crest cells implanted in the same ductal tree.

An alternative theory, with longer standing, is that the various

islet cell types are derived directly from ductal epithelium (Schweisthal

et al. 1963, 1965, Wessells and Evans 1968, Brown et al. 1971). Formation

of the epithelial ducts is well documented, and endocrine islet cells

can be recognized by electron microscopy from the first appearance of the

pancreatic bud (Pictet and Rutter 1972).

In a recent experiment (Pictet et al. 1976) whole embryonic ectoderm

was removed from nine day rat embryos in culture, prior to formation of

the neural crest. Islets containing B cells were seen to develop in culture

despite the absence of the neural crest, lending some additional credence

to the older theory.

Prenatal rodent islets of Langerhans were long thought to contain

only B cells. Fetal B cells can be stained with aldehyde fuchsln at 16 1/2

days (Schweisthal et al. 1963, 1965), as early as 14 days with fluorescent

antibodies to insulin (Grillo I964a) and at 13 days with a pseudoisocyanin

technique (Denffer and Mertz 1972, V. Dorsche et al. 1972).

For many years it was thought that the A cells of the pancreatic

islets did not differentiate until birth or a few days thereafter (Hard

1944, Esterhuisen 1959, Heilman 1966). However, the existence of these

cells in the fetal pancreas was Indicated by a rise in glucagon-like

activity in the rat pancreas at 19 days of gestation (Grillo et al. 1964b).

The fetal A cell was described by Perrier (1969) and by Orel et a . (1969) ,
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and the fetal D cell was recently described by Pictet and Rutter (1972),

all using the electron microscope. Although A cells can be defined ultra-

structurally as early as II 1/2 to 12 days in the fetal rat islets,

locating these cells by light microscopy has not been possible because

the specific stains for A and D cells give negative results in fetal

tissues from laboratory animals. Therefore, virtually all recent work in

this area has used electron microscopy. While as many as six islet cell

types have been described by EM in the adult (see table 2), my experience

has been that the fetal islet cell types are often very hard to distinguish

with the electron microscope. Development of specific light microscope

techniques may be able to overcome this problem. Such techniques are

also needed when large amounts of material must be covered, as for ex-

ample, in studies requiring examination of more than a few sections, or

of the entire fetal pancreas in serial section. Furthermore, in view of

possible implications for the work being done on islet transplantation,

it is desirable' to study the embryology and physiology of the other

islet cell types.

Another consideration is that the normal pattern of ontogeny should

be elucidated in hope of finding the point in development at which the

possible genetic expression leading to diabetes first appears. The fetal

A and D cells may have interrelationships with B cell function, and

may also function directly in carbohydrate metabolism and diabetes.

Additionally, the finding of a 4th fetal cell type, reported below, adds

another factor to the need for a complete understanding of pancreatic

embryology. This thesis presents a study of fetal pancreatic islet cell

types and islet ontogeny, using light microscopic techniques.
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MATERIALS AND METHODS

Sprague Dawley rats were used, and pregnancies were timed from

the moment of a witnessed mating. Fetal pancreas was collected after 17

to 22 days gestation and fixed in Bonin's, Bouin-Hollande, 10% formalin,

and calcium acetate formalin fixatives (Lillie 1965). Tissues were

embedded in paraffin and sectioned at 3-6 microns. In addition, pancreatic

material from adult rats and guinea pigs was treated in similar fashion

to serve as controls. Some of the methods used for the specific cell

types are as follows.

ALPHA (A) CELL TECHNIQUES. The aqueous silver nitrate technique of Grimelius

(1968) was modified as follows: the concentration of silver nitrate was

Increased to 0.06%; the incubation time in the silver solution was ex-

tended to 48 hours; developing time was decreased to 2 minutes, and the

tissue was impregnated three times (and on occasion four times) with AgNO^.
The fluorescent antibody technique (Coons 1955) for glucagon was

also used in identifying A cells. [ an antiglucagon serum (kindly supplied

by Dr. Pedro Cuatrecasas of the National Institutes of Health) was

prepared by injecting sheep with hemocyanln-coupled glucagon (beef-pork

mixture, Lilly), or by injecting guinea pigs with poly-L-lysine-coupled

glucagon (Cuatrecasas et al. 1971),]. In this technique, sections were

first moistened with saline, then incubated with antiglucagon serum for

45 minutes at 37®C. After two ten minute rinses in saline, the sections

were coated with a fluorescein isothiocyanate (FITC)-conjugated 7S fraction

of rabbit anti-sheep IgG, or a similar goat anti-guinea pig fraction

(Nutritional Biochemicals Corp.) for 45 minutes at 37°C. The sections

were rinsed twice more and mounted in saline for observation on a Zeiss
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Photomicroscope II, using an FITC excitation filter - 490 cutoff and a

K 530 barrier filter with either reflected or dark field transmitted

UV illumination.

Five other techniques [xanthydrol (Lillie 1965, p. 232), the post-

coupled benzylidene reaction (Lillie 1965, p. 230), phosphotungstic acid

hematoxylin (Levene and Feng 1964), lead hematoxylin (Solda et al. 1969),

and O'-phthalaldehyde (Takaya 1970), that have been used successfully to

demonstrate A cells in adult tissues were tried on fetal Islets. These

methods gave negative or minimal results even after numerous experiments

with different fixatives, staining times and reagent concentrations, and

therefore are not discussed further in this report.

In an initial attempt to obtain Information as to which cell types

were stained with silver, two pregnant female rats were injected with

cobaltous chloride at 2I days of gestation, a technique reported to

destroy A cells (Van Campenhout and Cornells 1951). The tissues from

these animals were subsequently stained as follows: the maternal pancreas

with Grlmelius' silver, and the fetal pancreas with fetal modification

developed above (see Appendix I). Histologically, no visible abnormalities

were observed in either fetal or maternal pancreas. The argyrophilia in

both cases was indistinguishable from controls, and therefore this tech-

nique was abandoned.

BETA (B) CELL TECHNIQUES. Fetal B cells were stained with Gomori's

aldehyde fuchsin (Lillie 1965) and ponceau-de xylidene was used as a

counterstain. Beta cells were also stained with the indirect fluorescent

antibody technique as described for A cells, substituting guinea pig

anti-insulin serum (Mlles--Yeda, Ltd.) and an FITC conjugated 7S fraction
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of rabbit anti-guinea pig IgG (Nutritional Biochemicals Corp.)*

DELTA (D) CELL TECHNIQUES. The pseudoisocyanin method after acid hydrolysis

(Solcia et al. 1968) was used as follows: Hydrolyse for 3 hours in 0.2N
n

HCl at 60°C; stain with fresh 0.02% pseudoisocyanin , overnight if

necessary. Coverslip sections while still wet with stain, check for

metachromasia with bright field microscopy, and then place on the Zeiss

fluorescence microscope and examine using a BG 3 excitation filter and

K 530 barrier filter with oil immersion and dark field UV illumination.

After failure to obtain fetal D cell staining with the Hellerstrom-

Heilman alchollc silver nitrate method (Hellerstrom and Heilman I960),

the following technique was developed in an attempt to overcome this

difficulty. The tissues were incubated for 12 hours in alcoholic silver

nitrate as usual; then however, they were hydrated and triple impregnated

with silver as in the Grimelius technique.

RESTAINING TECHNIQUES. To restain previously silver-stained tissue,

silver was first removed with KCN. It was necessary to make the KCN

fresh each time and to leave the tissue in 1% KCN for 2-3 hours or in

5% KCN for I hour. This was followed by restaining with either fluorescent

antibodies or with pseudoisocyanin. In the pseudoisocyanin procedure it

was necessary with restained tissues to Increase the time in the stain

to several hours or overnight to develop full fluorescence. Under these

conditions the stain must be prepared fresh each time.

To use the fluorescent antibody technique for restaining tissue

2
Obtained in 1971 from Agfa Gevaert AG, 509 Leverkusen-Bayerwerk,

Deutsches Bundes-Republik.
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previously stained with either silver or pseudoisocyaniu, the following

procedures were used: remove silver in the manner described above using

KCN, or remove pseudoisocyanin by treatment of sections with O.OIN HCl

for 20 minutes.
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RESUL.TS

The adult rat islet is composed principally of B cells, with smaller

numbers of A and D cells found around the edge of the islet (Figs. 5 and 7).

In the later stages of gestation, from which period the tissues for this

study were collected, the cell types of the pancreatic islets begin to

take on the regional distribution characteristic of the adult. By 22 days

islets have formed having large masses of B cells surrounded by a ring

of other cell types (Figs. 3,4 and 8). The results of staining experiments

to identify these other cell types are as follows:

ALPHA CELL TECHNIQUES. Using the indirect fluorescent antibody procedure,

fetal A cells fluoresced brightly (Fig. 8). The staining results with

the modified Grimelius procedure differ according to the fixative used.

With calcium acetate formalin, argyrophilic cell groups stain dark brown

(Fig. 2); however, with Bouin's fixative the same groups contain some cells

with light brown granules, and some with black granules (Fig. 3). Further

studies were done to determine whether these brown and black cells were

different cell types or only A cells of varying staining intensities.

These experiments are reported under restainlng techniques below.

BETA CELL TECHNIQUES. Aldehyde fuchsln gave staining identical to that

previously described (Schweisthal et al. 1963, 1965). The B cells were

located centrally in the islets, in compact masses(Fig. I). Similar

results were obtained with the fluorescent antibody technique for Insulin,

which revealed brightly fluorescent B cells (Fig. 17).

DELTA CELL TECHNIQUES. With bright field, the pseudoisocyanin method
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revealed metachromatlc red D cells in adult controls, but no metachromasia

was seen in fetal islets. However, when viewed in the fluorescent micro-

scope, yellow-fluorescing D cells could be seen in fetal as well as in

adult pancreas (Figs. 4,5 and 6). The modification of the Hellerstrom-

Heilman technique using triple impregnation with silver also demonstrated

a few fetal D cells.

RESTAINING TECHNIQUES. When the modified Grimelius stain was applied to

fetal material, three non-B cell types were seen in the peripheral cell

masses: brown cells, black cells, and some unstained cells. To decipher

whether these were different cell types or simply A cells in various

stages of granule formation, several restaining experiments were tried.

With tissue previously stained with silver, the unstained cells fluoresce

bright yellow when restained with pseudoisocyanin, and thus may be

identified as D cells (Figs. 9 and 10). On the other hand, when silver is

removed and the tissue restained with the fluorescent antibody procedure

for glucagon, the brown cells fluoresce and therefore must be considered

A cells (Figs. II and 12). Since the unstained cells are D cells, and the

brown cells are A cells, the black cells may be a 4th cell type.

When the restaining techniques were combined, it was found possible

to use the staining sequence: Modified Grimelius —v pseudoisocyanin —

fluorescent antibody to differentiate all three of the non-B cell types

(Figs. 13, 14 and 15).
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TABLE I. USEFUI,NESS OF VARIOUS PROCEDURES
IN THE DEMONSTRATION OF CELL TYPES

OF FETAL RAT PANCREATIC ISLETS

Usefulness

Specificity Method Fixative For Fetal
Pancreas

B CELLS

A CELLS

D CELLS

Aldehyde Fuchsin
Fluorescent Antibody

Xanthydrol

Postcoupled Benzylidene

PTAH

Lead Hematoxylin

o-Phthalaldehyde
C0CI2 Injections
Grimelius Silver
Fetal Modification of
the Grimelius Technique

Fluorescent Antibody

Bouin's
Bouin's

10% Formalin
Bouin’s
Ca Acetate Formalin
Bouin's
Helly’s
10% Formalin
Bouin's
Ca Acetate Formalin

Helly's
Bouin's
10% Formalin
Bouin-Hollande

Cryostat
Bouin's
Bouin's

Bouin's
Bouin-Hollande
Zenker's

Helly's
10% Formalin
Ca Acetate Formalin
Bouin's

Hellerstrom-Hellman Bouin's
Hellerstrom-Hellman with

Triple Impregnation Bouin's
Pseudoisocyanin Bouin's

4th CELL TYPE Fetal Modification of
the Grimelius Technique Bouin's

0
0
0
0
+

+

0
0
+

0
0
0
0
0
+

+

+

0
0
+

++

+++

+

++

4-H-
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DISCUSSION

In staining fetal endocrine cells the fluorescent antibody methods,

while expensive, are the most desirable. Where antisera are not available,

other histochemical methods must be relied upon. However, with the exception

of several B cell techniques, fetal rat islets of Langerhans demonstrate

little affinity for the various cell-specific stains used to differentiate

adult cell types.

Pictet and Rutter (1972) found the A and B cells of the rat to be

fully differentiated by a few days after birth in terms of glucagon and

insulin content and electron microscopic morphology. If the fetal cells

of late gestational ages contain a full complement of their particular

hormones, it would be expected that they would be stained by the convention-

al specific techniques. The lack of reactivity to these techniques indicates

that there may be further unrecognized events in differentiation during

the perinatal period.

In early differentiation, the hormone or other substance responsible

for staining in the adult may not yet be synthesized. Once synthesis

begins, the time of first staining may be related to the sensitivity of

the stain. However, this would not account for the failure to stain in

the late fetal period, when cell hormonal content approaches that of the

adult.

Another possibility would be the conversion of an unreactive pre-

cursor to hormone, as with proinsulin and insulin. In this respect, it

is Interesting that the first appearance of B cell staining with aldehyde

fuchsin at 16 1/2 days corresponds to the time of conversion of proinsulin
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to insulin suggested by Pictet and Rutter (1972). Analogous situations

with the other pancreatic hormones have yet to be investigated.

Again, lack of fetal cell staining could mean that the substance

to be stained might have its reactive groups masked. My results support

this suggestion, since staining of several cell types was obtained by

alteration of such factors as pH or reagent concentrations.

The aqueous silver stain (fetal modification of the Grimelius tech-

nique) offers an advantage over other fetal stain techniques, since weak

staining can be overcome by building up additional silver in the cell with

multiple impregnations. This technique, when used with calcium acetate

formalin fixation, may stain all of the non-B cells (Pig. 2). However,

when Bouin's fixative is used, the brown cells, black cells and unstained

cells described above are seen.

The modification of the Grimelius technique for fetal tissue

produced brown and black cells in masses or as single cells around the

periphery of the islets; the black cells appear to be a possible 4th cell

type that does not react to either glucagon antibodies, like A cells, or

to pseudisocyanin, like D cells. Pictet and Rutter (1972), using the

electron microscope, reported a 4th granulated cell type in the fetal

rat pancreas. Furthermore, it seems likely that the cells identified as

D cells by some techniques are actually heterogeneous. For Instance, Van

Assche and Gepts (1971)- reported light green D cells with the aldehyde

thionin trichrome method, but not all of these D cells were stained

using Hellerstrom and Heilman's modification of the Davenport technique.

Using indole methods, Cavallero et al. (1968) reported that some D cells

were unstained and others were lightly stained, with the color being
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different from that of the A cells. Additional cell types have also been

reported in a number of other species (Caramia et al. 1965, Hunger et al.

1965, De Hoyos-Guevara 1969, Deconinck et al. 1971, Jirasek and Kuhes

1971, Brinn 1975 and Larsson et al. 1975c, 1976).

In the present study, two types of non-A and non-B cells were stained;

the pseudoisocyanin-fluorescent D cells and the black silver-stained cells.

While the hormones produced by these latter fetal cell types were unknown

at the beginning of this study, recent research has brought up the several

possibilities indicated in Table 2.

Although gastrin immunofluorescence was reported in the D cell of

the pancreatic islets (Lomsky et al. 1969, Grelder and McGuigan 1971),

subsequent studies have failed to confirm this finding. Since completion

of this part of the thesis, there has accumulated considerable evidence

for the presence of Growth Hormone Release Inhibiting Hormone (GH-RIH,

or somatostatin) in the pancreatic D cell (Polak et al. 1975, Pelletier

et al. 1975). These authors showed somatostatin immunofluorescence in

both the pancreatic and intestinal D cell. This is a very small (tri)

peptide however, and its presence does not preclude production of a

larger hormone. Also, the absence of gastrin in the D cell does not rule

out its presence in another cell type. The gastrin immunofluorescence

reported by Lomsky and Greider might be interpreted as evidence for the

presence of an infrequent or rare G cell in the pancreatic islets.

The Dj cell (possibly equivalent to the silver-stained 4th cell

type - see Table 2) has been characterized by electron microscopy as a

D-like cell with smaller granules (Jirasek and Kubes 1972, Solda et al.

1973). A Gastric Inhibitory Peptide (GIP) was isolated in 1970 (Brown
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TABLE 2. HORMONES AND CELL TYPES
OF ADULT AND FETAL
PANCREATIC ISLETS

ADULT
CELL TYPE

SECRETORY
PRODUCT

FETAL

CELL TYPE
SECRETORY

PRODUCT

A Glucagon, GIP A Glucagon, GIP (?)

B Insulin B Insulin

D Somatostatin D Somatostatin (?)

Dl Pancreatic

Polypeptide (?)
4th Cell Type (?) Pancreatic

Polypeptide (?)

EC Serotonin,
Substance P

EC (?) Serotonin,
Substance P

(?)
(?)

PP (?) Pancreatic

Polypeptide (?)
4th Cell Type (?) Pancreatic

Polypeptide (?)

At an international symposium in Wiesbaden, Germany (Creutzfeldt et al.
1970) an attempt was made to standardize nomenclature of the endocrine
cell types of the gastrointestinal tract and pancreas, as a result of new
cell discoveries by electron microscopists• This nomenclature was updated
at Bologna in 1973 (Solcia et al. 1973), with the acceptance of the first
five cell types listed in the table above.

According to the updated Wiesbaden classification, the 4th cell type
reported herein could correspond to the D^ cell, or to the as yet
unclassified PP cell of Larsson et al. (1976).
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and Dryburgh 1970, 1971), and localized to cells of the intestine by

immunofuorescence (Polak et al. 1973). These cells were tentatively

identified as cells, but this classification was quickly challenged

by discovery of a new intestinal cell type called the K cell (Solda et

al. 1974). GIP was immunohistochemically localized to this new cell,

and also to the A cells of the gastrointestinal tract and pancreas

(Smith et al. 1977), leaving the secretory product of both the intestinal

and pancreatic Dj cell still to be identified.
The enterochromaffin (EC) cell, originally described by Heidenhain

(1870), has long been known to produce serotonin (Erspamer 1952, 1954).

Though first identified in the gut. Parrilla et al. (1969) showed EC

cells to be present, although rare, in the pancreatic islets of the rabbit,

and Larsson et al. (1976) have found them in islets of the guinea pig. In

addition, Cegrell (1967) demonstrated the presence of serotonin (a product

of the EC cell) in the pancreatic islets. Pearse et al.(1974c) demonstrated

the presence of motilin as well as serotonin in the EC cell of the small

Intestine. This should not be considered surprising, since other cells

of the APUD (Amine Precursor Uptake and Decarboxylation) series contain

amines in addition to much larger peptide hormones (Pearse and Polak 1971,

Fujita and Kobayashi 1973). The presence of motilin in the pancreatic EC

cell cannot be inferred however, as it has been found only in the EC cells

of the small intestine, and not in those of the stomach (Pearse et al.

1974).

There is also a recently discovered pancreatic polÿpeptlde (PP) with

hormonal properties, not yet assigned to an endocrine cell type, which

has been called APP (Avian Pancreatic Polypeptide)(Kimmel et al. 1968,
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Hazelwood 1973a,b), BPP (Bovine Pancreatic Polypeptide)(Lin and Chance

1.912, Lin et al. 1973, 1974), HPP (Human Pancreatic Polypeptide) (Larsson

et al. 1975c), depending on the species from which it was isolated.

Recent work by Larsson et al. (1975) described localization of flúores-

ceinated antibodies to HPP in a 4th cell type of the human pancreas.

While the cell may appear to be a likely prospect for the source

of the unnamed pancreatic polypeptide, Larsson et al. (1976), in a study

using 13 different species found ultrastructural differences between the

Dj. cells and the PP cells. PP cells were located by immunofIncrescent
and immunoperoxidase methods. Although ultrastructural characteristics

varied from species to species. Pancreatic Polypeptide was found in all

species studied, and in the dog and cat pancreas it was localized to

cells which were believed to correspond to the previously described F

(or X) cells (see Table 3).

Tables 2 and 3 summarize the current data on islet cell types and

their secretory products. It is clear that the pancreatic islets are

much more complex than previously supposed, and await considerably more

work before even the cell types and their secretory products are well

understood, much less all the hormonal actions and Interactions.
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TABLE 3. UNUSUAL ISLET CELL TYPES

ADULT
CELL TYPE

SECRETORY

PRODUCT
FETAL

CELL TYPE
SECRETORY

PRODUCT

E

(Opossum)^ ? 9 7

F

(Canine)^
Pancreatic

Polypeptide (?) 7 7

X

(Canine)^
Pancreatic

Polypeptide (?) 7 7

G (?)^ Gastrin (?) 7 ?

1. Hunger et al. 1965
2. Lazarus and Shapiro 1971
3. Lomsky et al. 1969, Greider et al 1971
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Figure I

Figure 2

Figure 3

Figure 4

Figure 5

. 22 day fetal rat islet stained with aldehyde fuchsin and
counterstained with ponceau de xylidene. B cells are stained
dark purple. The arrows Indicate small masses of non-B cells
which are stained with ponceau. X 420

. 22 day fetal islet stained with the fetal modification of
the Grimelius silver technique. Calcium acetate formalin
fixation. The mass of dark brown cells, which has been called
a "mantle", surrounds a mass of B cells. X 660

. Same as Fig. 2, except with Bouin's fixation. The central B
cells are unstained. The peripheral cell mass contains cells
stained brown, cells stained black and unstained cells. Arrows
mark the black cells. X 420

. 22 day fetal islet stained with pseudoisocyanin after acid
hydrolysis. Two fluorescent D cells can be seen in the upper
right. X 780

. Adult rat islet stained with pseudoisocyanin. As reported
previously (Fujita and Kobayashl 1971) the D cells, which are
found near the periphery of the islet, frequently have cyto-
plasmlc projections extending toward capillaries. X 480

Figure 6. A 22 day fetal D cell with a long cytoplasmic process. X 660
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Figure 7. Fluorescent antibody technique for glucagon, applied to adult
rat pancreas. X 300

Figure 8. Fluorescent antibody technique with the same antiserum
applied to fetal pancreas. Note the peripheral location of the
A cells in both adult and fetal islets. X 420

FIGURES 9-15. RESTAINING EXPERIMENTS

Figure 9. 22 day fetal rat islet stained with the fetal modification of
the Grimelius silver technique. Both brown and black cells
can be seen. Arrows mark the location of six cells in these

peripheral masses which are unstained. X 620

Figure 10. Same section as figure 9 but with silver removed and islet
restained with pseudoisocyanin. The six cells unstained with
silver are seen to be yellow-fluorescent D cells. X 620
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Figures II and 12. 22 day fetal pancreas. The same islet stained above
(figure II) with the fetal silver technique, and below (figure
12) with the fluorescent antibody technique for glucagon
(after removal of the silver). The fluorescent A cell groups
in figure 12 are indicated by A's, and are seen to correspond
to the light brown cells in figure II. The arrows in both
figures mark the location of the black silver cells, which
can be seen to be non-fIncrescent. On the basis of their lack
of glucagon fluorescence, their non-staining with pseudoiso-
cyanin for D cells, and their location outside the B cell
mass (which does not stain with silver), it was concluded that
these black silver cells were a 4th cell type. Both X 780
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Figures 13, 14 and 15 depict a staining sequence which reveals all
four cell types. Figure 13 shows a 22 day fetal islet, silver
stained, with light brown A cells and the black 4th cell type.
Figure 14 shows pseudoisocyanin-fluorescent D cells after
removal of the silver from the above islet. Figure 15 shows
immunofluorescent A cells stained after removal of the pseudo-
isocyanin above. The central B cell mass is unstained in each
case. All X 620
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ONTOGENY OF THE FOUR CELL TYPES

IN FETAL RAT ISLETS

ABSTRACT, PART 2. The pancreas of the fetal rat was collected from the
first appearance of the pancreatic bud at II days of gestation, and
every day thereafter until birth. After birth the neonatal pancreas
was collected every day for one v;eek, and at weekly intervals there-
after (Figure I6). Fetal B cells were stained with Gomori's aldehyde
fuchsin at 16 1/2 days, and with the immunofluorescent technique for
insulin at 14 days. The A cells were stained as early as 13 days using
the fluorescent antibody technique for glucagon. D cells were first
stained at 17 days with pseudoisocyanin. A 4th cell type appeared at
15 days in the fetus, reaching its greatest abundance around 19 days,
and then declined in numbers after birth until adulthood, when it was

present in very small numbers.

INTRODUCTION

Histochemical techniques were developed in Part I for staining

fetal A, B and D cells, as well as a 4th cell type which was partlcul-

arly abundant in the fetus.

This study was undertaken to find the earliest fetal ages at

which these cell types could be identified histochemlcally, and to

determine the relative cell composition of islets at different stages

of the fetal and neonatal periods.
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MATERIALS AND METHODS

Sprague-Dawley rats were used, and pregnancies were timed from

the moment of a witnessed mating as before. The fetal pancreas was

collected from the first appearance of the pancreatic bud at II days

of gestation, and each subsequent day until birth. Additionally, the

neonatal pancreas was collected every day for one week, and at weekly

Intervals thereafter for eight more weeks (Figure 16). A few older

adult tissues were also used. Whole litters consisting of from six

to 14 embryos were collected for each fetal day, while each postnatal

day was represented by only one or two specimens.

The tissues were fixed in Bouin's, embedded in Paraplast, and

sectioned at 4 or 5 microns. Pancreas from adult controls was processed

similarly and sections were included with each stain.

The most useful stain techniques determined in Part I were used

in this study. B cells were stained with aldehyde fuchsln and the

indirect Immunofluorescent technique for insulin (Schweisthal et al.

1975). The comparable fluorescent antibody technique for glucagon was

used for A cells. Appropriate controls. Including absorption of the

antisera with crystalline insulin and glucagon, were included with

both fluorescent antibody methods.

D cells were identified using pseudoisocyanin fluorescence, or

with the variation of the Hellerstrom-Hellman method developed in Part

I. The 4th cell type was stained with the silver nitrate method derived

as described in Part I, from the Grimelius technique for A cells.

The specificity of each of the above techniques for fetal cell
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types was confirmed by photographing many sections and restaining

with each of the other techniques. For this purpose, the tissues were

mounted in glycerin and photographed after each stain. The glycerin

vjas washed out before each restaining. Pseudoisocyanin was removed

with dilute HCl, and the silver stains were removed in 5% KCN for one

hour as before.
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RESULTS

The results with the various methods are summarized in figure 41.

Fetal B cells stained well with aldehyde fuchsin, and have been stained

as early as 16 1/2 days of gestation with this method (Schweisthal et

al. 1963). However, the fluorescent antibody method for insulin is more

sensitive, staining B cells as early as 14 days (Fig. 19), and showing

more cells at 16 days than can be seen when using aldehyde fuchsin

(Fig. 18).

Using the fluorescent antibody technique, A cells stained earlier

than any other cell type. They could be seen as early as 13 days (Fig.

22), just two days after formation of the pancreatic bud. From this age

on, they fluoresced brightly in every case (Figs. 21 and 20). They

appeared to be the most numerous cell type in the fetal pancreas until

around 17 days, when their numbers were overtaken by the B cells.

Staining of fetal D cells with the Hellerstrom-Hellman technique

did not occur until 2I days (Fig. 23) shortly before birth, and staining

was much more pronounced the day after birth (Fig. 24). Similar changes

at birth were also seen in Part I with phosphotungstic acid hematoxylin,

lead hematoxylin and the postcoupled benzylidene reaction. None of these

A cell techniques works well until shortly after birth (Schweisthal et

al. 1975). When the tissues were triple impregnated with silver as

described above, an occasional silver-stained cell could be seen as early

as 17 days with the Hellerstrom-Hellman method.

Likewise, with the pseudoisocyanin method, D cells could be seen at

17 days (Fig. 26). Their numbers increased in later gestational ages.



when they fluoresced a bright yellow with this technique, which was

more specific and sensitive than the Hellerstrom-Hellman method in the

fetus (Fig. 25).

The D cells vrere always the least numerous cell type in the fetus

and the neonate, but their numbers surpassed the 4th cell type in the

adult. At no time during development were they as numerous as the A or

B cells.

The 4th cell type could be stained as early as 15 days of gestation

(Fig.28) and was well stained from 16 days on (Fig. 29). Typically, the

nucleus was unstained, appearing clear, in contrast to the cytoplasm

which was completely blackened. These cells were surprizingly abundant in

the fetus, being nearly as numerous as the A and B cells at 19 days,

when they appeared to reach their greatest numbers (Fig. 34). After birth

they were seen less frequently until, in the adult, a typical section

through a large islet would show only one or two stained cells (Fig. 37).

The adult pancreatic islet shows a characteristic regional distrl-

bution of cell types. While the islets are often branched or lobed, a

typical section through a simple islet will reveal a central mass of B

cells with the other cell types arranged around the periphery as single

cells or in clumps. The A cells often occur in sizable clumps (Figs. 20

and 43), but the D cells and the 4th cell type appear as individual

cells by themselves or scattered amongst the A cells (Figs. 27 and 37).

This typical regional distribution begins to appear around 17 days,

when Islets can be seen which have a small number of central B cells

surrounded by a larger mass composed of the other three types. This is

quite evident by 19 days (Fig. 34). A striking feature of islet develop-
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TABLE 4. RELATIVE ABUNDANCE OF THE FOUR CELL TYPES

AT DIFFERENT STAGES OF 'ONTOGENY

AGE ESTIMATED RELATIVE ABUNDANCE

FETAL 13 DAYS A

FETAL 14 DAYS A > B

FETAL 15 DAYS A > 4 > B

FETAL 16 DAYS A > 4 > B

FETAL 18 DAYS A > 4 = B > D

FETAL 19 DAYS A = 4 = B > D

FETAL 22 DAYS B > A > 4 > D

NEONATAL I WEEK B > A > D > 4

ADULT 12 WEEKS B > A > D > 4
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ment from this time until adulthood is the increase in size of this

central B cell mass, with other cell types appearing to be stretched

around the islet perimeter (cf. Figs. 44 and 43). This relationship of

B cells to the other types vras not seen before 17 days. It has been

shown by Clark (1968) that the incorporation of B cells into the islet

occurs too rapidly to be accounted for by mitosis. This suggests that

the non-B cell groups may form focal areas for the developing islets,

into which individual cells or masses of B cells are drawn to form the

characteristic islet.

Four cell types have also been seen with the electron microscope,

although the fetal cell types were sometimes difficult to distinguish.

The relative abundance of the 4th cell type approximated that of the

black cell seen with the light microscope. Its secretory granules were

smaller and less dense than those of A cells. The secretory granule sacs

averaged 125 nm in diameter and demonstrated more uniformity in size

and electron density than those of the B cells (Schweisthal et al. 1976).
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DISCUSSION

It is interesting that as recently as 1969 the fetal rat pancreatic

Islets were thought to contain only A and B cells, with the A cells

first appearing around the time of birth. The B cells, being the most

abundant and important in the adult, were thought to be the first to

appear in the fetal islets. Now, using both light and electron micro-

scopy, it has been shown that there are at least four cell types present,

with the A cells being the first to appear. Moreover, in this study,

three of the four cell types can be seen by light microscopy at 15 days,

just four days after the formation of the pancreatic bud. The D cell is

the last to appear, two days later, but perhaps may be demonstrated

sooner with antiserum to its secretory product. No such antiserum was

available when this study was begun, but since completion of this portion

of this thesis the D cell has been found to react with antiserum to

somatostatin (Polak et al. 1975a, Pelletier et al. 1975).

Of the four types, the secretory products of the A and B cells,

glucagon and Insulin, have been detected at very early ages, coinciding

with the first appearance of the pancreatic bud (Wessells and Rutter

1969). Since A and B cells are apparently present for some time before

they can be distinguished by morphological criteria, it is possible that

the other two cell types may also be differentiated from the very earliest

appearance of the pancreas. This presents a considerably different picture

of fetal islet endocrinology from that previously held.

A similar situation is unfolding in other areas such as the pitult-

ary, in which most of the endocrine cells of the human pituitary are
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being found at early fetal ages (Baker and Jaffe 1974). The question

arises as to whether these cells are still in a process of differentiation

and are being held in a nonfunctional state until needed after birth, or

whether there is an unique and complicated fetal endocrine system.

Although considerable data has been accumulated recently on the synthesis

and storage of insulin and glucagon in the fetal islets, the few studies

on perinatal islet physiology have produced mostly conflicting reports

concerning the mechanism of release and subsequent metabolism of these

hormones (Paterson et al. 1968, Bossart et al. 1969, Murata et al. 1972,

Hasty and Murrell 1974). Some of the conflict may arise from the assump-

tion that the fetal endocrine system functions in the same way and for

the same purposes as in the adult.

In this study there appear to be at least two factors which support

the hypothesis that the fetal endocrine system may be functionally

different from that of the adult. First, in the unstimulated fetal rat

pancreas, using the electron microscope, margination of secretory granules,

with some of them protruding at the surface has been seen, suggesting

emiocytosis (Brinn 1976). However, fetal B cells respond only weakly to

glucose stimulation (Hasty and Murrell 1974). This suggests that fetal

hormones may require different secretory stimuli, and might have different

purposes from their adult counterparts. Second, the relative proportion

of cell types in the islets differs greatly from that seen in the adult.

This difference is most striking in the case of the 4th cell type, which

is abundant in the fetus, but becomes scarce after birth. This cell, which

could have a function specific to fetal life, may be related phylogenetic-

ally to one of the 4th cell types found in lower vertbrates (Rhoten 1970,

Brinn 1975), or to one of the cell types mentioned in Part I.
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Figure 16. Ages of fetal and postnatal pancreas collected for
determination of the earliest possible staining with
each technique developed in Part I.
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Figure 17. 22 day fetal rat islet, stained with the fluorescent antibody
technique for insulin. The B cells make up the bulk of the
islet. X 340

Figure 18. 16 day fetal islet, stained with the fluorescent antibody
method for insulin. The black areas are duct luraina. Close
association of the B cells with exocrine ducts is typical
at this age. X 550

Figure 19. 14 day fetal B cell (Arrow). This was the earliest that B
cells could be stained with the Immunofluorescent technique
for insulin. X 550

Figure 20. An islet fron a rat six days after birth, stained with the
fluorescent antibody technique for glucagon. The A cells are
fluorescent, the B cells (B) are unstained, and there is a
duct (D) running along one side of the islet. X 340

Figure 21. 15 day fetal islets consist mostly of A cells, and do not
show the regional distribution of cell types seen in figure
20.Fluorescent technique for glucagon. X 340

Figure 22. 13 day fetal islet. This is the earliest that A cells
(Arrows) were stained with the immunofluorescent method.
X 340

Figure 23. 21 day fetal D cells (Arrows) stained by the Hellerstrom-Hellman
alcoholic silver nitrate technique. Staining with this
method develops only around the time of birth. X 550

Figure 24. D cell staining with the Hellerstrom-Hellman technique is
much more pronounced the day after birth. X 550
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Figure 25. 22 day fetal D cells (Arrows) stained with pseudoisocyanin.
Note their peripheral location around the central B cell mass.
X 640

Figure 26. 19 day pseudoisocyanin-stained D cell at the periphery of
a B cell mass. X 460

Figure 27. Adult pancreatic islet stained with the Hellerstrt3m-Heliman
silver technique. The black D cells are found near the border
of the islet. Light areas within the islet are capillary
sinuses. X 800
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Figures 28 through 37 were stained with the FETAL MODIFICATION OF THE
GRIMELIUS TECHNIQUE

Figure 28. 15 day fetal pancreas. Light area to the left is the lumen
of the main pancreatic duct, from which an islet is budding
on the right. The islet consists mostly of light brovm A
cells, with two black cells (Arrows). This is the earliest
age at which the 4th cell type can be stained. X 520

Figure 29. At 16 days there is a considerable increase in the numbers
of the 4th cell type, when they may be found scattered in
and around the walls of the pancreatic tubules. X 520

Figure 30. At 18 days the fetal pancreas best illustrates the prolifer-
atlon of islet tissue around the epithelial tubules. Arrows
indicate developing masses of islet tissue. At least one duct
lumen (light area) can be seen in each cluster of islet cells.
X 280

Figure 31. Section of entire 18 day pancreas. Block indicates area of
figure 30. Developing islet tissue is seen to be located in
focal areas rather than scattered randomly throughout the
parenchyma. X lOO
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Figure 32. Detall of figure 30. Arrows point to duct lumena. Numerous
black cells of the 4th cell type can be seen. In addition,
a mass of cells large enough to be considered an islet has
formed around the tubule to the far left. X 690

Figure 33. 18 day fetal pancreas. A number of silver-stained cells
appear to be budding from the tubule on the right. X 520

Figure 34. 19 day fetal islet stained with the silver method. The
black silver-stained cells reach their greatest numbers
between 18 and 19 days, and their abundance in relation to
the A and B cells begins to decline from this time on.
X 520

Figure 35. The 21 day fetal islets take on the regional cell distribu-
tion characteristic of adult islets. There is a central B

cell mass (B) surrounded by a mixture of the other three
cell types. The black 4th cell type can be seen, and the
arrow indicates a mass of brown A cells. X400

Figure 36. Islet at 22 days, around the time of birth. Already there
is a noticeable decrease in the relative numbers of the
4th cell type. X 400
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Figure 37. Adult islet stained with the modification of the Grimelius
technique developed for fetal islets. The 4th cell type is
seen to be uncommon in the adult. A pair of stained cells
(Circle) is seen at the edge of a large islet. Arrows
indicate A cells , which are larger and only faintly stained.
X 760

Figure 38. Adult islet stained with the normal Grimelius technique.
Numerous A cells are found around the periphery of the
islet. Light areas are capillary sinuses. X 600

Figure 39. A 16 day fetal islet treated with the modified Grimelius
technique for the 4t.h cell type, before restaining below.
X 540

Figure 40. The same islet as above, with silver removed and restained
with the fluorescent antibody technique for glucagon. Many
fluorescent A cells can be seen. Arrows mark the location
of cells of the 4th cell type which are unstained. Thus,
even at this early age, the specificity of the silver
technique for the 4th cell type can be demonstrated. X 540
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Figure 41. The bars indicate the earliest staining that was
possible in the fetal islets with each histochemical
technique.
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Figure 42. Adult islet stained with the immunofluorescent technique for
insulin. Most of the islet consists of B cells. Dark areas

within the islet are capillary sinuses. The arrow indicates a
non-fluorescent group of islet cells. X 360

Figure 43. Adult islet stained with the immunofluorescent technique for
glucagon. A-cell distribution is typically a thin peripheral
ring with occasional cell clumps. X 360

Figure 44. Two islets stained with fluorescent antibodies for glucagon
at six days after birth. Islets are still closely associated
with exocrine ducts (dark lumen is visible near center between
islets). A cells still occur in masses but are becoming
stretched around the expanding B cell mass (B). X 360

Figure 45. 15 day fetal islets consist mostly of masses of A cells.
Fluorescent antibody technique for glucagon. X 360

Figure 46. Adult islet stained with the Hellerstrbm-Hellman silver
technique. Black D cells are located in a ring between the central
B cells and the peripheral A cells. Light areas are capillaries.
X 360

Figure 47. The same islet as above, with silver removed and restained
with pseudoisocyanin, shows complete correlation between
these two D cell techniques. X 360



 



THE FOUR ENDOCRINE CELL TYPES

IN LONG TERM ORGAN CULTURES

OF FETAL RAT PANCREAS

ABSTRACT, PART 3. Whole pancreas from fetal rats bf 13 days and 18 days
of gestation was explanted onto rayon grids and grown in organ culture.
Cultures were fixed in Bouin's fluid, sectioned and stained with the
fluorescent antibody techniques for insulin and glucagon, aldehyde
fuchsin for B cells, pseudoisocyanin for D cells and the silver tech-
nique for the 4th cell type.
The 13 day expiants were fixed after 10 days in culture. A, B, D and
the 4th cell type were seen, indicating that precursors of all four
endocrine cell types must be present in the fetal pancreas shortly
after formation of the pancreatic bud. Further, the presence of all
four cell types in the walls of tubules in these cultures confirms the
tubules as the site of origin of all of the islet cell types.
The 18 day expiants were collected every other day of culture from two
to 30 days in a long term experiment. A number of large islets with
well granulated B cells were still present after 30 days of culture.
The relative abundance of cell types at different stages was estimated
as follows: 18 day fetal controls, A > B = 4 > D; after 2-10 days in
culture, B > A > 4 > D: after 18-30 days in culture, B > D > A > 4.
While there was an early proliferation of Islets during the first few
days of culture, a decrease in islet material was seen toward the end
of the 30 day period. This decline was seen to be due to fusion of
islets with epithelium-lined sacs, formed during the later stages of
culture, with a consequent destruction of islets within these sacs.

INTRODUCTION

Recent interest in organ culture of the pancreatic islets has

centered on the possibility of this system for storage of islets

intended for transplantation to diabetics (Hegre et al. 1976b). Such

storage would be necessary to allow time for tissue typing and for the

selection, notification and preparation of a compatible recipient.

Much work has been carried out on the proliferation of both the

exocrine and endocrine elements of fetal pancreas grown in organ culture.
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These studies include comparison of these components with those differ-

entiating in vivo (Schweisthal et al. 1963, 1965; Farsa et al. 1969;

McEvoy et al. 1973; Hegre et al. 1976a), synthesis and accumulation of

insulin in vitro (Orci et al. 1971), and the potential of expiants of

different fetal ages to produce new islet tissue (Hegre et al. 1973).

In addition, a great deal of interest has been directed toward under-

standing the development of the mechanism of insulin response to glucose.

This work has recently been reviewed by Asplund et al. (1975).

Most of the work done with pancreas in organ culture has involved

time periods of only two to ten days, although there have been studies

up to 12 days (Schweisthal et al. 1963, 1965), 14 days (Scharp 1974),

or 15 days in the case of isolated islets (Kostianovsky et al. 1972).

While B cells have been grown for a very long time in monolayer culture

(Chick 1974), it has not been determined whether whole fetal pancreas

may be maintained indefinitely in organ culture. In vivo, the islets

consist of a large central mass of B cells surrounded by peripheral

groups containing A cells, D cells and a 4th cell type. A possible

advantage of this technique in transplantation would be preservation of

this normal structural relationship of all the islet cell types. Pres-

ervatlon of the morphologic relationship of these cells to each other

could be important in maintaining normal function.

Furthermore, nearly all of the work that has been done with cult-

ured fetal islets has concentrated on the B cell because of its

importance as the source of insulin, and also because techniques for

demonstrating the other cell types were lacking. However, A cells in

cultured Islets were observed by Orci et al. (1971) using the electron
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microscope, and by Pictet and Rutter (1972), who also' saw a 4th cell

type.

The purpose of this study was to see if it were possible to use

light microscopic techniques developed in Part I to demonstrate all four

islet cell types in culture, and to determine the' fate of the islets in

long term culture.
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MATERIALS AND METHODS

ORGAN CULTURE. Rats of the Sprague-Dawley strain were used. Pregnancies

V7ere timed from the moment of a witnessed mating. Whole pancreas (dorsal

and ventral primordia) or sometimes only the dorsal portion was collected

from fetuses of 13 days and 18 days gestation. These expiants were

placed on rayon grids and cultured using the watch glass method and a

liquid medium (Chen 1954, Schweisthal et al. 1963, 1965) without anti-

biotics.

The medium consisted of chick embryo extract and Tyrode's solution,

pH 7.4, in a proportion of 1:1. Cultures were incubated at 37°C and

transferred to fresh medium every other day. The culture chambers were

perfused for one hour daily with a mixture of 95% oxygen and 5% 002*

Expiants from 13 day fetuses were cultured for ten days, while 18

day expiants in culture were collected every other day, starting at two

days and ending after 30 days in culture. Cultures from eight separate

runs were pooled for this study. Whole litters were collected from 12

pregnant rats and expiants were taken from 58 fetuses. In addition,

control pancreases were collected from four adult and 30 fetal and

neonatal rats, representing each in vivo age to correspond with each

culture. For Instance, if an 18 day explant were cultured for four days,

control pancreas was collected at 22 days (18 + 4).

STAINING. All material, including cultures and'non-cultured control

pancreas, was prepared with BouJ.n's fixative. Tissue was embedded in

Paraplast and serially sectioned at 4 or 5 microns. Sections from adult

controls were included with each of the stains used. Relative numbers
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of each cell type were estimated at each stage in culture.

A cells were stained w’ith the indirect immunofluorescent technique,

using an antiglucagon serum prepared in sheep and B cells were stain-

ed with the fluorescent antibody method for insulin. Gomori's aldehyde

fuchsin with ponceau de xylidene counterstain was also used for B cells.

D cells were stained with the fluorescent method using pseudoiso-

cyanin as previously described. In order to stain D cells in culture, it

was found necessary to leave the sections in pseudoisocyanin overnight,

as had been the case with fetal material. The alcoholic silver nitrate

method of Hellerstrom and Heilman was also used for D cells.

The 4th cell type was stained using the aqueous silver nitrate

method derived from the Grimelius technique for A cells.

RESTAINING TECHNIQUES. Specificity of the methods for D cells and the

4th cell type was verified again by restalning procedures. Silver stain-

ing was followed by restaining with the fluorescent antibody technique

for glucagon or Insulin, or by pseudoisocyanin.

In those sections stained with pseudoisocyanin, the D cells were

photographed and the stain removed with dilute HCl, followed by restaln-

ing with one or the other fluorescent antibody techniques.

I. Donated by Dr. Pedro Cuatrecasas of the National Institutes of Health
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RESULTS

13 DAY EXPLANTS. After 10 days of culture, the pancreases explanted at

13 days gestation contained islets consisting mostly of B cells (Fig.

48). However, small numbers of A cells, D cells and the 4th cell type

were also found around the periphery of islets and associated with epi-

thelial tubules (Figs. 49, 50 and 51).

18 DAY EXPLANTS. All four cell types were found to be present at 18 days

and throughout the culture period, both in characteristic islets and in

the walls of ducts. However, significant changes in the relative abund-

anee of the cell types were observed.

Using the fluorescent antibody technique, A cells fluoresced bright-

ly in controls (Fig. 54), and in short term cultures (Fig. 55), but

became increasingly hard to find as the length of time in culture was

increased (Figs. 56 and 57). They were found in the usual location at

the periphery of islets and in the walls of ducts. Their numbers appear-

ed to decrease at a uniform rate throughout the culture period.

Much attention has been paid to the abundance of B cells in organ

cultured material, and a dramatic increase in the numbers of B cells can

be seen by comparing Figs. 53 and 52. Figure 53 represents the best islet

that was seen in a whole 18 day pancreas using the immunofluorescent

technique for insulin. Figure 52 shows the typical condition just four

days later in culture, with numerous large and small islets filled with

B cells. Little increase in size or number seems to occur after this

early proliferation. After 30 days of culture (Fig. 58) the islets are

large and still contain well granulated B cells. Aldehyde fuchsin and



57

the fluorescent antibody technique gave equally satisfactory results in

staining B cells in fetal controls, but in cultures aldehyde fuchsin was

somewhat more desirable because of the greater detail afforded by the

use of a counterstain.

D cells fluoresced bright yellow in controls (Fig. 59) and in

cultures using the pseudoisocyanin technique. T'Thile there was a substan-

tial Increase in the number of D cells after only two days of culture

(Fig. 60), their numbers seemed to remain fairly constant throughout

the rest of the culture period (Figs. 6I and 62). The Hellerstrom-

Heilman technique produced occasional silver stained cells in fetal and

cultured pancreas, but restalning techniques failed to confirm that

these were D cells. While this method stained the same cell population

as did pseudoisocyanin in the adult (Figs. 46 and 47), it seems that

pseudoisocyanin is much more specific and sensitive than the Hellerstrom-

Heilman technique in both fetal and cultured material.

The silver stain for the 4th cell type was found to work equally

well in fetal and cultured islets. The black-granulated cytoplasm of the

4th cell type easily be seen in 18 day controls (Fig. 63), and in

cultured islets throughout the experimental period (Figs. 64 and 65).

Restainlng experiments with removal of silver followed by staining with

pseudoisocyanin or with the fluorescent antibody techniques for glucagon

and insulin all failed to stain the 4th cell type, confirming the spec-

Ificlty of the silver technique for this cell in culture. The 4th cell

type, as noted in Part 2, is abundant in- the fetus and the neonate, but

begins to decline in numbers shortly after birth. A similar trend is

seen in culture. For the first ten days in culture these cells are rel-
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TABLE 5. RELATIVE ABUNDANCE OF THE FOUR CELL TYPES

AT DIFFERENT STAGES IN CULTURE

CULTURES DERIVED FROM EXPLANTS OF THIRTEEN DAY FETAL PANCREAS

AGE ESTIMATED RELATIVE ABUNDANCE

I

FETAL
CONTROL 13 DAYS A

CULTURED 10 DAYS B > D > A > 4

CULTURES DERIVED FROM EXPLANTS OF EIGHTEEN DAY FETAL PANCREAS

AGE ESTIMATED RELATIVE ABUNDANCE

FETAL
CONTROL 18 DAYS A > 4 = B > D

CULTURED 2 DAYS B > A > 4 > D

CULTURED 10 DAYS B > A > 4 > D

CULTURED 18 DAYS B > D > A > 4

CULTURED 30 DAYS B > D > A > 4
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atively abundant (Fig. 64), but by the end of the culture period they

are the least numerous of the islet cell types (Fig. 65).

The following comparisons show the estimated relative abundance of

cell types at different stages of culture. Islets of fetal controls at

18 days gestation showed A cells > B cells = 4th cell type > D cells.

During short term cultures (2-10 days) the following shift was noted:

B > A > 4 > D. At the end of the culture period, and as early as 18

days of culture, the following proportions were seen: B > D > A > 4.

The normal pattern seen in the adult rat isB>A>D>4.

EFFECTS OF LONG TERM CULTURE. There was a great proliferation of B cells

in the early stages of culture, as has been reported previously (Orel et

al. 1971, Hegre et al. 1973, and McEvoy et al. 1973). However, after the

initial proliferation of B cells during the first ten days of culture, a

subsequent and continuous decline in the number of islets was seen.

Figures 66, 67 and 68 illustrate a possible mechanism to account for this

decline. As the dilated exocrine elements continue to expand into sacs,

islets begin to break through the simple epithelial wall into the lumen.

By 18 days, whole islets may be seen within these sacs (Fig. 67), or

more frequently, they may be seen in contact with the sac, sloughing

cells into the lumen (Fig. 68). Once contact is made with a sac lumen,

destruction of the islet apparently progresses rapidly. Figure 69 il-

lustrâtes three islets in progressive stages of destruction. Those

remaining islets which have not been engulfed by sacs appear healthy,

with many well-granulated B cells, even after 30 days of culture.

The rapid loss of blood elements and acinar tissue in culture has

often been reported (Farsa 1969, Orel et al. 1971, and McEvoy et al.
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1973). These phenomena, as well as continued changes, were seen in the

present study of long term organ cultures. During the first ten days of

culture, the acini and exocrine tubules became dilated and it was no

longer possible to find acinar cells with zymogen granules. The remain-

ing exocrine tissue took on the appearance of cubdidal or columnar

epithelium. This process continued in long term culture, with further

distension of the tubules and/or acini into large fluid-filled sacs

(Figs. 66 and 67). After about two weeks of culture, the expiants con-

sisted basically of three major elements: islets, the epithelium-lined

sacs, and a matrix of various kinds of connective tissue.
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DISCUSSION

ISLET CELL TYPES. The finding of all four cell types In cultures of 13

day fetal pancreas (just two days after formation of the pancreatic

bud) demonstrates that these cells or their precursors must be present

very early, probably from the first appearance of the pancreatic bud.

The presence of these cell types in the walls of tubules in fetal

pancreas and in cultures of both 13 and 18 day fetal pancreas suggests

the tubules as the site of origin of all four types. This supports the

long-standing theory of epithelial origin of the islets, but does not

rule out the theory of Pearse and Polak that the endocrine cells of the

pancreas are derived from cells of the neural crest which migrate and

colonize the primitive foregut, since the pancreatic tubules are epl-

thelial outgrowths of the primitive gut. The culture results Indicate

that any such migration would probably be complete at the time of form-

ation of the pancreatic bud. However, evidence has recently been

presented indicating that removal of the neural crest prior to the

proposed cell migration does not prevent formation of the pancreatic

bud or differentiation of at least the B cells (Pictet et al. 1976).

In cultures of both 13 day and 18 day fetal pancreas, B cells seem

to be highly favored by the culture conditions. A much greater volume

of islet tissue was produced by the 18 day expiants. Hegre et al. (1973)

have shown that expiants of 18 day pancreas produced much more islet

tissue than those from 22 day expiants. While this phenomenon could be

highly useful in culturing islet material for transplantation, the

reasons behind it are unknown and need to be examined further. A thorough
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understanding of the. biochemical mechanisms involved might make it

possible to manipulate culture conditions so that quantities of islet

tissue could be produced.

Other questions are posed by the changes in relative numbers of

the various cell types in long term culture. As the B cells proliferate,

the A cells decrease rapidly. Since the secretory products of these two

types have somewhat opposite function, it seems likely that whatever

culture conditions favor B cells may be the same ones that suppress A

cells.

While the population of D cells remains least changed of the cell

types in culture, the 4th cell type decreases rapidly in numbers.

Although the cause of this decline is unknown, it parallels the normal

situation in vivo, in which this cell reaches its greatest relative

abundance around fetal day 19 and begins to decline in numbers after

birth until adulthood, when it is found in even fewer numbers than the

D cells.

SAC FORMATION AND ISLET DESTRUCTION. As mentioned above, cultures of 18

day pancreas produced much more islet tissue than expiants of either 13

or 22 days. There was a great proliferation of B cells during the first

few days of culture. However, when the culture period was extended

beyond ten days, there was noticed, a gradual decline in the number of

islets.

In long term culture, the formation of the large fluid-filled sacs

seems to be the cause of the decrease in number of islets seen after

10-15 days. The nature of the fluid is unknown. The sacs could be formed

from the exocrine tubules or acini, or both. The tubules secrete water
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and bicarbonate ions in vivo, and the acini produce digestive enzymes.

The resultant fluid could account for the destruction of tissue growing

into this space.

Several authors have reported the disappearance of acinar cells,

or at least the absence of zymogen granules, after only a few days in

culture (Farsa et al. 1969, Hegre et al. 1976a). McEvoy et al. (1973)

reported a corresponding disappearance of acinar enzymes, but this con-

elusion was based only on an assay for amylase released in vitro. It

could be that some of the cells composing the walls of the sacs are

degranulated acinar cells. In this case, there might be enough trypsin

released into the fluid of the sacs to cause the observed destruction

of islets. It would not be enough to assay the culture medium for trypsin,

as the sacs appear to be sealed, with no obvious outlet to the medium.

There is some similarity in appearance of this organ cultured pancreas

to duct-ligated pancreas in which tubules swell to produce sacs.

While organ culture of fetal pancreas can produce large amounts of

islet tissue, with concommitant loss of of unneeded exocrine tissue, the

large sacs which develop may be a problem. It would seem, for purposes

of transplantation to diabetics, that storage in this system should be

limited to about two weeks, before there is significant resorption of

islets. Those islets that were unaffected appeared healthy, with many

well-granulated B cells even after 30 days of culture. Further proced-

ures such as enzymatic and/or mechanical disruption of the cultures

after ten days might release accumulated fluid from the sacs. Also, if

the problem is proved to be due to enzymes, the addition of trypsin

inhibitors should be tried. This might allow the storage of islets for a
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much longer time while still taking advantage of the rapid proliferation

of B cells that occurs in short term organ culture.
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Figures 48-51. FETAL PANCREAS COLLECTED AT 13 DAYS OF GESTATION, JUST
TWO DAYS AFTER FOR>iATION OF THE PANCREATIC BUD, AND CUL-
TURED FOR TEN DAYS.

Figure 48. Islet composed mostly of B cells, stained with the fluorescent
antibody technique for insulin. X 650

Figure 49. Two fluorescent A cells in a duct wall, stained with the
immunofluorescent method for glucagon. Dark area is the duct
lumen. X 740 \

Figure 50. Fluorescent D cell in the wall of a small duct, stained with
pseudoisocyanin. X 600

Figure 51. Fourth cell type stained with silver. Several black cells can
be seen around the periphery of a small islet. X 740

Figures 52-69 DEPICT 18 DAY FETAL CONTROLS, AND EXPLANTS OF 18 DAY FETAL
PANCREAS GR0Í7N IN CULTURE FOR VARYING LENGTHS OF TIME.

Figures 52 and 53 illustrate the rapid appearance of mature B cells in
short term culture. In Fig. 53, the largest islet seen in an
18 day fetal control, stained with the fluorescent antibody
technique for insulin, has only a few B cells. X 360. After
only four days of culture (Fig. 52), many large Islets, filled
with B cells, are seen. This differential growth of the B cell
mass may displace the other cell types to their characteristic
position at the periphery of the islets. X 180
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Figure 54. Eighteen day fetal control. A cells stained with the immuno-
fluorescent technique for glucagon can be seen in brightly
fluorescent cordlike masses (A), and in the walls of tubules.
Portions of the cords are composed of B cells (B) and the
other cell types. X 540

Figure 55. Eighteen day pancreas cultured for four days. A cells, in
reduced numbers, are seen around the periphery of a large
islet. X 400

Figure 56. After 18 days in culture only a few A cells are seen. X 300

Figure 57. Even after 28 days occasional A cells are still present in
islets and in the walls of ducts (Arrow). X 640
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Figure 58. Large islet after 30 days of culture. B cells are stained
with aldehyde fuchsin. X 270

Figure 59. Eighteen day control stained with pseudoisocyanin. Several
fluorescent D cells (Arrows) can be seen in the walls of
tubules. X 460

Figure 60. Increased numbers of D cells are seen after two days of
culture. X 460

Figures 61-62. After 18 and 26 days, comparable numbers of D cells are
still present in culture. Both X 400

Figure 63. The largest islet of an 18 day control pancreas, stained
with the silver technique for the 4th cell type (no coun-
terstain). The black cells are seen around the edge of a
small islet mass of B cells. X 600

Figures 64-65. This cell type is still common after ten days of culture
(Fig. 64, X 600), but becomes scarce after 28 days (Fig. 65,
X 640).
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Figures 66-69. MECHANISM OF DESTRUCTION OF ISLETS IN LONG TERM CULTURE.
ALL STAINED WITH ALDEHYDE FUCHSIN.

Figure 66. After 18 days of culture, an islet is surrounded by expanding
sacs of ductular or acinar origin. X 240

Figure 67. Islet wholly within a sac after 18 days of culture. X 560

Figure 68. An islet in contact with a large sac appears to be sloughing
cells into the fluid-filled lumen (Arrow). If the sacs are of
acinar origin, pancreatic enzymes might account for destruct-
ion of islet cells. X 300

Figure 69. After 30 days of culture, islets may be seen in several
stages of destruction. I. An apparently healthy islet which
has just made contact with a sac on the upper right. 2. A
disintegrating islet completely within a fluid-filled sac.
3. A completely destroyed islet with only a few fuchsino-
philic cells remaining. An outline left by the rayon culture
grid (G) appears on the left. X320



 



73

Figure 70. Adult rat pancreas stained for 30 hours with pseudoisocyanin.
The edge of a large islet occupies the right side of the
photo. The left side consists of exocrine acinar cells (Ex)
and vascular tissue. B cells (B) and acinar cells are dull
red, but after 30 hours in stain, A cells fluoresce bright
red (Arrows). D cells fluoresce yellow as usual (top and
bottom center). Thus, by leaving tissue in pseudoisocyanin
for a long time, it is possible to distinguish all three of
these cell types. In addition, unstained cells can be seen,
such as the narrow, dark cell just below the red A cell ind-
icated by the third arrow from bottom of the figure. (4th
cell type ?). X 800

Figure 71. Nineteen day fetal rat islet stained with the fetal modifi-
cation of the Grimelius technique. A well developed islet
with a central mass of B cells, a peripheral clump of A cells
and a number of black cells of the 4th type. The latter
appear to reach their greatest numbers at this age. X 560

Figure 72. Eighteen day fetal rat pancreas, stained with fluorescent
antibodies for insulin after eight days in culture. Large
islets of B cells can be seen. The dark shadow in the lower
center (G) was left by the rayon grid on which the tissue
was cultured. X 150

Figure 73. Eighteen day fetal pancreas stained with pseudoisocyanin
after 18 days in culture. Arrows indicate D cells at the edge
of a large islet. X 640

Figure 74. Eighteen day fetal rat pancreas, cultured for 18 days and
stained with aldehyde fuchsin. An islet, composed mostly
of B cells (B) can be seen, surrounded by sacs which appear
to be developing from ductular tissue. X 400

Figure 75. Eighteen day fetal rat pancreas stained with aldehyde fuchsin
after 30 days in culture. Darkly stained islets can be seen,
as well as ductular elements. In addition, masses of connec-
tive tissue (Arrows), which also stain with aldehyde fuchsin,
are a prominent feature in long term cultures. X 225

Figure 76. Fetal rat duodenum at 22 days gestation, stained with pseudo-
isocyanin. Gut lumen (L), two fluorescent D cells (Arrows).
Three bright spots are mucin droplets of mast cells. Fluor-
escent contents of the D cells can be seen to be polarized
toward capillaries (dark areas), while the sensory end, in
contact with the gut lumen, is non-fIncrescent. X 820



 



NOTES ON STAINING OF ADULT AND FETAL

ENDOCRINE CELLS OF THE

GASTROINTESTINAL TRACT

ABSTRACT, PART 4. A review of the literature on the large and confusing
field of recently discovered gastrointestinal hormones and gastroin-
testinal endocrine cell types was conducted, and the current status of
these factors is summarized here. In the course of experiments described
in Parts I and 2, adult and fetal stomach and duodenum were often inc-
luded, to look for cells with staining characteristics similar to those
of the pancreatic islets. While no gut cells were stained with the
Hellerstrdm-Hellman method, or with the fluorescent antibody technique
for insulin, stained cells in either adult or fetal material were seen
with the Grimellus silver technique, the fetal modification of this
method, lead hematoxylin, pseudoisocyanin, and the immunofluorescent
technique for glucagon.

INTRODUCTION

Most of our knowledge of the endocrine nature of the gastrointest-

inal system has been accumulated within the last ten years, principally

because of the work of three groups: one in England (Pearse and Polak),

one in Italy (Solda, Vassallo and Capella) , and one in Japan (Fujita,

Kobayashi and Sasagawa). The gut is now seen to be the largest endocrine

organ in the body, with the endocrine mass of the stomach alone being

up to 30 times that of the pituitary (Pearse I975a). Some II cell types

have been identified, and ten hormonal peptides plus one amine have

been isolated from gastrointestinal extracts (Table 6). Of these, only

seven have been localized to specific cell types with some degree of

certainty. The biological significance of these newly discovered factors

is even less well understood.
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The upshot of further research will probably reveal, among other

things, a much more complicated endocrine relationship between the

pancreas and the gastrointestinal tract. The known interactions between

pancreas and gastrointestinal system are summarized in the term "entero-

insular axis", which has come into wide use in recent years. There are

two theories concerning derivation of gut and pancreatic endocrine cell

types, both of which imply a common origin. The older, and until recent-

ly unchallenged concept explains the origin of the endocrine cells from

precursor types in the endoderm of the gut. Similarities between pane-

reatic and gut endocrine cells could be explained, since the pancreas

is formed embryologically by two outpocketings of the primitive gut,

one dorsal and one ventral. Differentiation of the various islet cell

types would take place at different times thereafter during the forma-

tion of an epithelial ductal "tree", which gives rise to the tubules

and acini of the exocrine pancreas and presumably, the endocrine pane-

reatic islets.

The second, more recent theory of Pearse and Polak (1971), is based

upon the observation that embryonic cells can be seen migrating down and

colonizing the primitive foregut. These cells, of neural origin, can be

identified by their common ability to take up and decarboxylate amine

precursors such as dopa and dopamine. Because of this characteristic,

they have been given the name APUD (Amine Precursor Uptake and Decarbox-

ylation) cells, and can be readily Identified from very early ages

because, if they are incubated with L-dopa, the amines thus taken up

and decarboxylated can be made to fluoresce after treatment with form-

aldehyde (Eranko 1967). They are sometimes, therefore, referred to as
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APUD-FIF (Formaldehyde Induced Fluorescence) cells. All the endocrine

cells of both the gastrointestinal tract and the pancreas exhibit this

characteristic.

This property, along with electron microscopic evidence such as

the presence of numerous microvesicles and microtubules, has led Pearse,

the major proponent of the theory, to state that these endocrine cells

are of neural origin rather than derived from gut endoderm.

It should be noted that this theory is not without opposition. In

a recent experiment, ectoderm was removed from embryonic rats before

formation of the neural crest, and pancreatic islets containing some B

cells still developed in some cases (Pictet et al. 1976).

With the advent of good electron microscopic and immunocytochemical

techniques in the late I960's, new cell types were reported in the

gastrointestinal tract, and it soon became apparent that various authors

were using up to four or more names for the same cell type. As a result,

a symposium was held at Weisbaden in 1969 to standardize the nomenclature

for endocrine cell types of the gastrointestinal tract and pancreas

(Creutzfeldt et al. 1970). Researchers from the major schools in England,

Italy and Japan mentioned above participated in this symposium and

arrived at a standard designation for each cell type. Because of subse-

quent new discoveries, a second symposium was held by the same groups

four years later at Bologna and the standard nomenclature was revised

(Solda et al. 1973). This system has become widely accepted, with the

exception of some of the Scandinavians who still retain use of the

symbols aj and a 2 to designate D cells and A cells respectively. Table

6 uses this revised nomenclature and further updates it with the ad-
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TABLE 6. ENDOCRINE CELL TYPES OF THE

GASTROINTESTINAL TRACT

AND PANCREAS ^

GASTROINTESTINAL EQUIVALENT PANCREATIC
CELL TYPE CELL TYPE

SECRETORY
PRODUCT

B X Insulin

EG Enteroglucagon

AL A Glucagon, GIP

D D Somatostatin

Di D^ VIP ?

EG EG Serotonin, Motilin
(intestine only),
Substance P (intes-
tine only)

ECL

G G ? Gastrin

S Secretin

I GGK-PKZ ?

K GIP

H VIP ?

^
Adapted from Pearse 1974, and updated
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dition of two new cell types, the K cell and the H cell, and also

includes new data on the polypeptide content of each cell type. The

following review updates the status of each of the gastrointestinal

endocrine cells.

EG AND AL CELLS. Glucagon-like immunoreactivity was demonstrated in

extracts of human stomach, duodenum and other areas of the small in-

testine by Unger et al. (1961). Polak et al. (I971a) localized gluca-

gon to a cell type of the gastrointestinal tract of the dog, which was

later named the EG or enteroglucagon cell. This cell type was also

found in the human (Polak et al. I97Ic).

An A-llke cell (AL) was described by Kobayashl et al. (1971) and

Frexinos et al. (1972) in the fundic region of the human stomach. Glue-

agon immunofluorescence was also demonstrated in this cell (Polak et

al. I97Ia). Immunological differences were found between enteroglucagon

and pancreatic glucagon. Hovíever, circulating pancreatic-type glucagon

was shown to be present in depancreatized dogs, indicating an extra-

pancreatic source for this hormone (Matsuyama and Foa 1974, Vranic et

al. 1974, and Dobbs et al. 1975). Recently, Larsson et al. (1975a),

using gel filtration of gut extracts, demonstrated pancreatic-type

glucagon in the canine gastric fundus. This type glucagon was found

only in the stomach. The presence of AL cells in the canine stomach

was confirmed the same year by Dobbs et al. (1975), and Unger and Orel

(1975). These cells were considered to be ultrastructurally Identical

to pancreatic A cells.



80

Larsson also determined the extent of gut-type (entero) glucagon,

finding that in most species it ranged from the ileum to the colon,

and was only occasionally found in jejunum or duodenum. The EG cell is

most abundant in the ileum and can best be distinguished from the AL

cell by its location and by immunochemistry, as the two cell types are

not readily distinguishable by electron microscopy (Pearse I974b).

D CELL. The D cell of the gut was first described by Sasagawa et al.

(1971) as a cell with ultrastructural characteristics almost identical

with the pancreatic D cell. The granules of this cell were seen to be

released in response to the presence of acid (Fujita and Kobayashi

1971). Recently, the presence of somatostatin, a hypothalamic tripep-

tide, has been ascribed to the D cell.

Somatostatin was localized to a peripheral islet cell in the rat

(Pelletier et al. 1975) which was further identified as the D cell by

Polak et al. (1975a) using several species. These workers also localiz-

ed somatostatin to the D cells of the stomach and intestine. In the

human it has been immunohistochemically localized to the D cells of

the pancreas, stomach, duodenum, jejunum and upper ileum (Pearse 1974b).

Hypothalamic somatostatin (also called growth hormone - release

inhibiting hormone or GH-RIH) is a potent inhibiting agent in its Influ-

ence on several other endocrine cells. It inhibits growth hormone and

thyrotropin secretion (Brazeau et al. 1973, Belanger et al. 1974), and

insulin and glucagon secretion (Weir et al. 1974, Johnson et al. 1975).

In this respect, Polak et al. (1975a) have suggested that it may act as

a local hormone, being scattered among and influencing other endocrine
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cells of the gastrointestinal tract and pancreas. They suggest it may

be an agent counterbalancing histamine, which has a strong stimulating

effect on many endocrine cells. Additionally, its presence in cells of

the hypothalamus as well as D cells supports the concept of gastro-

intestinal and pancreatic endocrine cells as APUD or nerve cells.

Dj CELL. The Dj cell was discovered in the rat and characterized as a

cell with granules similar to, but much smaller than those of D cells

(Forssman et al. 1969). Subsequently, they were also identified in

human material (Pearse et al. 1970), and found to be most numerous in

the duodenum and jejunum (Polak et al. 1973). The secretory product of

both the pancreatic and gastrointestinal Dj cell is unknown, although

there has been one report of a pancreatic islet cell tumor in which the

tumor cells contained granules similar to the cell, and which secret-

ed VIP (Vasoactive Intestinal Polypeptide, Rambaud et al. 1975).

EC AND ECL CELLS. The earliest description of the enterochromaffin (EC)

cell was by Heldenhain (1870). Its ultrastructure was described by Scho-

field et al. (1967, 1968) and by Orel et al. (1968). Erspamer (1952,

1954) was the first to assign to it the presence of a biogenic amine,

5-hydoxytrypfamine (serotonin). This was later confirmed by radioautog-

raphy and formaldehyde induced fluorescence (Gershon and Ross 1966)•

Unfortunately, formaldehyde induced fluorescence is not specific for EC

cells, as gut G cells also fluoresce (Larsson et al. 1975b).

Serotonin is the only amine known from the cells of the APUD series

of the pancreas and gastrointestinal tract, but its presence adds yet
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another bit of evidence to support the concept of neural origin of these

cells. It is formed from tryptophan and is found j.n the central nervous

system, blood platelets and intestine. It is a vasoconstrictor and also

has the property of inhibiting gastric secretion.

EC cells are found near the base of the intestinal glands, or

crypts of Lieberkuhn, and are easily distinguished from the other cell

types by the characteristic elongated, irregular shape of their secretory

granules as seen by electron microscopy. Besides their location in the

gastrointestinal tract, EC cells have also been described as a rare

constituent of the pancreatic islets (Parilla et al. 1969, Larsson et al.

1976)., demonstrating once more the close relationship of the two endoc-

rine systems.

Two classes of silver staining techniques have long been used for

demonstrating enterochromaffin cells. Argentaffin methods are done in

the dark, and stain cells which have the capacity to reduce silver to its

metallic state with no further chemical treatment. An example is the

Masson-Fontana silver method for EC cells (Pearse 1972). Argyrophil tech-

niques stain cells which have the ability to take up silver from solution

without reducing it. This technique requires a further step in a photo-

graphic-type developing solution to precipitate the metallic silver. In

either case, since no light passes through it, the silver-stained cyto-

plasm appears black when viewed through the microscope. Typical argyro-

phil methods include the Davenport technique (Davenport I960), the

Hellerstrom-Hellman method (Hellerstrbm and Heilman I960), the Sevier-

Hunger technique (Sevier and Hunger 1965), and the Grimelius technique

(Grlmelius 1968).
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The EC cells react to both argentaffin and argyrophil methods in

the intestine (Singh 1962, Penttlla and Lempinen 1968), but in the

stomach there is a population of cells stained only by argyrophil tech-

niques (Hâkanson et al. 1967, Hâkanson and Ov/man 1967). This histochem-

ical difference led to classification of the argyrophil EC cell of the

stomach as the ECL (EC-like) cell. This cell, which resembles the EC

cell by electron microscopy, is only found in the gastric fundus (Pearse

1974b). Its secretory product is as yet unidentified.

The intestinal EC cell has recently been identified by immuno-

fluorescence as the source of motllin (Pearse et al. 1974c). This 22

amino acid polypeptide hormone was isolated during a process in the

purification of gastrin (Brown et al. 1971) and sequenced by Brown et

al. in 1973. These researchers found that it stimulated gastric con-

tractllity, and therefore gave it the name motilin. The localization of

motilln to the EC cells of the intestine was confirmed by Polak et al.

(1975b).

Furthermore, Pearse and Polak (1975b) have used immunofluorescence

to localized an undecapeptide neurotransmitter called "substance P" to

a population of cells extending from the gastric antrum to the ileum.

Based upon distribution and their basal location, these have been

tentatively identified as EC cells.

Thus, three products have been identified in EC cells; serotonin,

motilin, and possibly substance P. That an amine and a peptide could

both be contained in one cell type is not too surprising, considering

that all of the peptide producing cells of the APUD series possess

amine processing mechanisms (Fujita and Kobayashl 1973). However, the
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picture is far from complete as far as the EC cells are concerned, as

no motilin fluorescence was found in the EC cells of colon, stomach

and pancreas. It remains to be determined whether these other EC cells

and the ECL cells elaborate additional hormones.

G CELLS. The G cell may be stained with the Grimelius technique (Pearse

1975a), and is the most abundant cell of the pyloric antrum (Figs. 78,

79), but is uncommon in the duodenum and rare in the jejunum (Pearse

I974b). The first localization of gastrin to the gut G cell Involved the

fluorescent antibody technique (Greider et al. 1972, McGuigan and

Greider 1973). Its presence in the human gastric antrum and duodenum was

later confirmed by immunoperoxidase and formaldehyde-induced flúores-

cence (Larsson et al. I975b).

Gastrin has been the most studied of the gastrointestinal hormones.

It is known that circulating levels of gastrin increase after administra-

tion of a protein meal (Lichtenberger et al. 1975), and that administra-

tion of bicarbonate produces the same effect. Gastric juice, HCl and

pepsin are secreted in response to injected gastrin, and the esophageal

sphincter contracts. There is also some stimulatory effect on pancreatic

acinar secretion and gall bladder contractility (Pearse 1975a).

Since the initial reports of gastrin immunofluorescence in the

human pancreas (Greider and McGuigan 1971, Lomsky et al. 1971, Polak

et al. 1972) there has been a tendency to discount its presence, since

further experiments have failed to confirm these findings. However,

the first reports erroneously ascribed gastrin to the D cell. It may

still be found that there is a pancreatic G cell. If so, it must be

uncommon to rare or it would have been observed previously.
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Also, some of the original work used cryostat sections, while the

later studies used fixed, paraffin embedded material. There could be

an Immunological barrier to successful fluorescent antibody staining of

fixed pancreatic gastrin cells.

A number of authors have reported non-A, B, or D cells in the pane-

reatic islets of various species (Misugi et al. 1970, Deconinck et al.

1972, Vassallo et al. 1972, Jirasek and Kubes 1972, Schweisthal et al.

1975, 1976). It remains to be determined vjhether any of these as yet

unassigned cell types correspond to the Dj, EC or G cells.

Finally, it should be noted that clinically, the Zollinger-Ellison

syndrome, which is associated with very high levels of circulating gas-

trin, "is still believed to be due to pancreatic gastrinoma" (Pearse

1974b). This could only be explained as a carcinoma of a hypothetical

pancreatic G cell, or as an abnormal proliferation of gastrin by one of

the other cell types.

S CELL. The S cell of the gastrointestinal tract was first described by

EM as the "small granule cell" (Vassallo et al. 1968). Secretin, which

had been demonstrated in the human small intestine as early as 1902

(Bayliss and Starling) was localized to the S cell by Bussolati et al.

(1971) and by Polak et al. (I97Ib) in the canine, and in the human by

Polak et al. (I971c). Wormsley (1970) and Meyer et al. (1970) found

that when HCl was instilled into the duodenum, the S cell granules were

discharged and the exocrine pancreas was stimulated to release H2O and

salts (but not acinar enzymes - these are controlled by other factors).

Also, the gall bladder was stimulated to release bile, and intestinal
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secretion was increased. In addition, it was shown by image-analysing

computer that the S cell volume decreased after installation of HCl

(Pearse 1975a). The S cell can be found only in the duodenum and the

j ej unum.

I CELL. This cell is so named because it is similar to the EG and S

cells, but has secretory granules intermediate in size between the two.

It was described by Bussolati et al. (1971) in the canine duodenum and

jejunum. The specific product of the I cell is unknown, but Pearse

(1974b) suggests that its location makes it a possible "candidate for

« the production of cholecystokinin-pancreozymin".

K CELL. The K cell is found in the duodenal and jejunal mucosa. It stains

with the Sevier-Munger argyrophil technique, btit not with the Masson-

Fontana argentaffin reaction (Solcia et al. 1975). By contrast, the

duodenal EC cell is stained by both. It has recently been shown to be

the cell type responsible for the production of GIP (Gastric Inhibitory

Peptide).

An earlier immunofluorescent demonstration incorrectly ascribed

GIP to the Dj cell (Polak et al. 1973). Buffa et al. (1975) have since

localized GIP to the K cell, which may be identified ultrastructurally

by the presence of secretory granules with dense cores. The location of

these numerous cells, in the upper intestine just below th stomach,

suggests that GIP may be the principal inhibitor of HCl secretion (Pearse

1974b), and therefore the counterbalancing agent of gastrin.

GIP is secreted in response to fat (triglyceride) ingestion, and

has been shown to stimulate the release of insulin, as do gastrin and

secretin, making it a full-fledged participant in the entero-insular
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axis (Pederson et al. 1975, Crockett et al. 1976).

Full characterization of GIP awaits further study, but to date

there is already one interesting report. The ob/ob mouse has many more

GIP immunofluorescent K cells in the lower GI tract than the normal

mouse. This has been Interpreted as an insulin-releasing mechanism

(Pearse 1975a).

H CELL. This is a cell type of the lower intestine, primarily the colon,

and has been characterized by electron microscopy (Pearse I975a). There

is no further evidence as to its secretory product, although it might

be noted that VIP (Vasoactive Intestinal Polypeptide) has been extracted

from the lower intestine, especially the colon, and has not yet been

localized to a specific cell type.

GASTROINTESTINAL PEPTIDES WITHOUT CELL TYPES. While there are several

gastrointestinal endocrine cell types for which a peptide hormone has

yet to be discovered (ECL, Dj, I, H, and the EC cells of the stomach,
colon and pancreas), there are also a number of gastrointestinal sub-

stances of a hormonal nature which have not yet been localized to cell

types, namely CCK-PKZ, substance P, and VIP.

CCK-PKZ. Of the three, CCK-PKZ has received the most study. It can be

extracted from the duodenum, and has been shown to stimulate gall blad-

der contraction aud secretion of amylase from exocrine pancreas.

Unfortunately, it cannot be localized at present because of cross-react¬

ivity with gastrin.
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SUBSTANCE P. This eleven amino acid peptide (Chang et al. 1971) is a

primary sensory neurotransmitter substance found in the nervous system

and in extracts of intestinal mucosa (von Euler and Gaddum 1931). Its

isolation from the gut was presumed to indicate only that it was present

in Auerbach's and Meissner's plexuses (Lembeck 1953). However, it was

recently localized to an endocrine cell population by immunofluores-

cence in a variety of species (Pearse and Polak 1975b). As previously

mentioned, there is some evidence to indicate that these may be EC

cells. Whatever the Identity of the cell types Involved, this may be

taken as further evidence for the neural origin of the gastrointestinal

endocrine cells.

VIP. Vasoactive Intestinal Polypeptide (a 22 amino acid polypeptide)

was isolated from porcine intestinal mucosa (Said and Mutt 1972) , and

found to stimulate intestinal electrolyte secretion (Schwartz et al.

1974). It has subsequently been demonstrated in non-A, B or D cell

tumors of the pancreas which cause watery diarrhea syndrome (Bloom et

al. 1973, Rambaud et al. 1975, Schmitt et al. 1975, Graham et al. 1975).

While the hormonal nature of VIP seems well established, it has not yet

been localized to an identified cell type of the gastrointestinal

tract, and its presence in the normal pancreatic Islets is far from

certain. In this connection, it is interesting to consider that one of

the islet cell adenomas described above (Schmitt et al. 1975) also

produced enteroglucagon, serotonin, secretin and glucagon.

Pearse (1974b) has stated that "if a known hormone or polypeptide

is the product of the pancreatic cell, the most likely candidate is
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TABLE 7. DISTRIBUTION OF ENDOCRINE CELL TYPES

OF THE GASTROINTESTINAL TRACT ^

REGION CELL TYPE

EG AL D Dj EC ECL G S I K H

FUNDUS
X XX

X XX
X XX

X XX

AÎÎTRUM

A

XX X

XX X
XX X
XX X
XX X
V V V

PYLORUS

XX X
XX X
XX X
XX X
XX X
V y V

DUODENUM

XXX XXX
XXX X X X X
XXX XXX
XXX X X X X

X XXX XXX
y V y V V V V

JEJUNUM

X XXX XXX
XXX X X X X

X XXX XXX
XXX XXX

X XXX XXX
y V

ILEUM

XXX
X X
X X
XX X
X X ' X
X X

COLON

X X X
XX X
XX X

X X
^ X's indicate the range of distribution of each cell type.
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TABLE 8. DISTRIBUTION OF ENDOCRINE SUBSTANCES

IN THE GASTROINTESTINAL TRACT ^

REGION CELL TYPE AND SUBSTANCE

EG AL D EC EC EC G S I? K H?

SUBSTANCE Pancreatic Glucagon Entero- glucagon Somato- statin Serotonin Motilin SubstanceP Gastrin Secretin CCK-PKZ GIP VIP
FUNDUS

X X

X X
X X

X

ANTRUM
X X

XX X
XX XX

X XX

PYLORUS
X X X X X
X X X X X

X X X X X
XX X X

DUODENUM
X XXXXXXXX

xxxxxxxx

X xxxxxxxx
y Y Y Y Y y

JEJUNUM
X XXXXXX X

X X X X X X

X X X X X X X
y y Y y

ILEUM
X X X X X
X XXX

XX X

COLON

AA A

XX X
XX X

X X
X

^ X's indicate the range of distribution of each substance.
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VIP". This statement seems highly speculative however, unless the pane-

reatic and gut cells produce different hormones, as the cell

the gut predominates in the duodenum and ileum, while VIP has been ext-

racted primarily from the colon. A more likely candidate would now seem

to be the H cell, which is limited to the colon and the lower part of

the ileum. This cell type was discovered after the above mentioned sug-

gestion by Pearse .

As a final note on gastrointestinal endocrine substances, Larsson

et al. (1976) have just recently found a few PP (Pancreatic Polypeptide)

reactive cells in the oxyntic and antropyloric mucosa of opossum and

dog. However, these were absent from the rest of the GI tract, and from

a variety of other species tested.

FETAL GASTROINTESTINAL CELL TYPES. Very little work has been done with

gastrointestinal endocrine cells in the fetus. All of what has been done

previously has been carried out in the human fetus.

Polak et al. (I971c) reported the presence of human fetal EG cells,

using antibodies to pancreatic glucagon, and a similar technique with

secretin antibodies was used to stain the fetal S cell. These were found

to occur in the same gut regions as in the adult. The EC cells of the

human fetal duodenum have been demonstrated by formaldehyde-induced

fluorescence (Larsson et al. I975b) , but this method is not specific,

as the G cells in the adult also fluoresce. Furthermore, a recent pub-

licatlon pointed out that a newly discovered population of cells in the

pancreatic islets can be made to fluoresce by this technique in at least

one species, but not in some others (Larsson et al. 1976), so this tech-
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nique should not be considered al all specific for one cell type, but

it does at least indicate the presence of serotonin-containing EC cells

in the fetal gut.

This paper demonstrates the presence of at least three endocrine

cell types; EG cells, D cells and argyrophil cells (ECL and G mixture)

in the gastrointestinal tract of the fetal rat.
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MATERIALS AITD METHODS

Stomach and duodenum from fetal and adult rats was collected and

fixed along with the pancreatic specimens described in Parts I and 2

above. For this experiment, only material fixed in Bouin's was used,

with the exception of tissue collected for lead hematoxylin staining,

which was fixed in Kelly's (Zenker-formol) solution.

Fetal and adult tissues were embedded in paraffin and prepared as

previously described. Sections were stained with the Hellerstrom-

Heilman method, the Grimelius technique and the fetal modification of

the Grimelius technique, lead hematoxylin, pseudoisocyanin, and the

fluorescent antibody techniques for glucagon and insulin.
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RESULTS

No staining of endocrine cells was seen in either adult or fetal

gastrointestinal tract with the Hellerstrdm-Hellman technique or with

the fluorescent antibody method for Insulin.

The Grimellus technique stained a large population of endocrine

cells in the stomach of the adult rat (Figs. 78,79), and a smaller group

in the duodenum (Fig. 80). There were similar results in the fetus (Fig.

81). A smaller number of argyrophil cells was noted in both adult and

fetal material with the fetal modification of the Grimellus technique.

The lead hematoxylin method gave light staining of some duodenal

cells in the adult rat (Fig. 77), but no significant results were ob-

tained in fetal material. Lead hematoxylin has been reported to stain the

G cells (Solda et al. 1970).

With pseudoisocyanin, gold fluorescent cells were seen in fetal rat

duodenum (Figs. 76,82). When fetal pancreas and duodenum were fixed and

sectioned en bloc, and were both present on the same slide, it was ob-

served that the fetal pancreatic D cells and gut D cells stained with

the same color and degree of intensity. In neither case were they very

numerous.

Enteroglucagon (EG) cells were shown to be present in the fetal

rat duodenum in small numbers (Figs. 83, 84). None were present in the

stomach, but not enough material was examined to safely conclude that

glucagon-containing cells are absent from the fetal rat stomach.

Of the three types of endocrine cells stained in the fetal rat gut,

all showed the typical configuration of gut endocrine cells (Figs. 81,
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82, 84). There was usually an elongated end which tapered to a point

of contact with the gut lumen. This end of the cell was often poorly

stained, with the heavily stained secretory material being polarized

to the wide basal end of the cell, which terminated in proximity to

a capillary (Fig. 76).
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DISCUSSION

The lack of staining of gastrointestinal cells with the Hellerstrom-

Heilman technique is consistent with the reports of other investigators

(Polak et al. I975a) who have shoivn that although pancreatic D cells

are specifically and distinctively stained by this method (Fig. 46),

gut D cells are unstained. The reasons for this discrepancy are unknown.

While the Grimelius silver method is used for pancreatic A cells,

and the fetal modification of this technique stains a 4th cell type in

the rat, apparently one or more different groups of cells are stained by

both these methods in the gastrointestinal tract. In the stomach, large

numbers of cells were seen in the deep regions of the mucosa (Fig. 78),

while smaller numbers were found in the pylorus (Fig. 79) and the duode-

num (Figs. 80, 81).

It seems likely that these may represent a mixed group of cells,

as the ECL cells of the stomach and the EC cells of the duodenum are

both argyrophilic in nature. Furthermore, Pearse (1975a) has stated

that the G cell, which is the most abundant cell of the gastric antrum,

is stained by the Grimelius technique. It seems likely then, that the

majority of the stained cells of the antrum seen in Figure 78 are G

cells, with perhaps some EC cells also included. Those of the fetal

duodenum (Fig. 81) are probably mostly EC cells.

The equal staining intensity and identical coloration of the pane-

reatic D cell and the cell stained by pseudoisocyanin in the gut indi-

cate that they are the same type. Pseudoisocyanin tends to give a back-
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TABLE 9. FETAL GASTROINTESTINAL

ENDOCRINE CELL TYPES

PREVIOUSLY REPORTED CURRENT STUDY

CELL TYPE SPECIES AUTHOR CELL TYPE SPECIES

EG Human Polak EG Rat

EC Human Larsson EC Rat

S Human Polak — —

D Rat

G Rat
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ground of many shades of red, but only the D cells are stained yellow

or gold. The mucin granules of mast cells appear bright yellow in the

duodenum, but are quite easily distinguished from D cells by color and

shape of the cells (Figs. 76, 82). The D cells and G cells of the fetal

gastrointestinal tract have not been previously reported in any species.
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Figure 77. Adult rat intestine stained with lead hematoxylin. A few
endocrine cells with dark nuclei (White Arrows) and light-
ly stained cytoplasm can be seen. X 600

Figure 78. Antral stomach of the adult rat stained with the routine
Grimelius technique. The black cells, which are abundant
in the antrum, are mostly G cells (there may also be a
few EC cells). X 150

Figure 79. Adult rat stomach stained with the routine Grimelius
silver technique. The exocrine chief cells (Black Circle)
are stained light brown, while the smaller, endocrine G
cells are stained black (White Circle). X 200
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Figure 80. Cells stained with the Grimelius technique are much less
numerous in the duodenum than in the stomach. These are

mostly EC cells, with a few G cells in this region of the
gut which are also stained. Intestinal endocrine cells are
typically elongated, with a narrow end in contact with the
gut lumen (L), and the wider basal end extending away from
the lumen toward capillary beds. Presumably, the narrow tip
detects chemical changes in the gut, and causes release of
secretory material into capillaries from the storage area
at the basal portion of the cell (See also Fig. 76). X 1000

Figure 81. Fetal rat duodenum (2I days) stained with the fetal modi-
fication of the Grimelius technique. EC cells can be seen
in about the same frequency as in the adult. X 320

Figure 82. Twenty two day fetal rat duodenum stained with pseudoiso-
cyanin. Fetal D cells (Arrow) are less numerous than the
EC cells. Bright round spots are mucin droplets of mast
cells, which fluoresce brilliant yellow. Endocrine D cells
are easily distinguished by their orange-gold color (See
Fig. 76), elongated shape and dark nuclei. X 420

Figure 83. Twenty day fetal rat duodenum with fetal EG cells (Arrows)
demonstrated by the fluorescent antibody method for glu-
cagón. X 520

Figure 84. EG cells of 22 day fetal rat (Arrows) stained with the
immunofluorescent method for glucagon. X 520



 



APPENDIX A. STAIN PROTOCOLS FOR TECHNIQUES USED IN THE PRECEDING

STUDIES, INCLUDING MODIFICATIONS MADE IN ADAPTING

EACH TECHNIQUE FOR STAINING FETAL CELL POPULATIONS
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ALDEHYDE FUCHSIN

FROM; Gomori 1939.

FIXATIVE: Bouin's

STAINS: B cells of the pancreatic islets.

PROCEDURE :

I. Xylene lO min
2. Xylene 10 min,
3. Xylene 5 min
4. 100% ETOH 5 min
5. 100% ETOH 3 min.
6. 100% ETOH 2 min
7. 95% ETOH 5 min
8. 95% ETOH 3 min
9. 80% ETOH 5 min
10. 70% ETOH 5 min
II. 50% ETOH 5 min
12. Distilled H2O 3 min
13. Distilled H2O 5 min
14. Oxidized (fresh) 2 1/2 min
15. Rinse in running tap H2O 5 min
16. Distilled H2O 5 min
17. Aldehyde fuchsln 5-30 min
18. 70% ETOH Rinse
19. 70% ETOH Rinse
20. 70% ETOH Rinse
21. Acid ETOH I 1/2-2 min
22. 95% ETOH Rinse
23. Distilled HO 5 min
24. Ponceau de Xylidene 10 sec

25. Phosphomolybdic acid 30 sec

26. 95% ETOH I min
27. 95% ETOH I min
28. 100% ETOH I min
29. 100% ETOH 2 min
30. 100% ETOH 4 min
31. 100% ETOH 4 min
32. Xylene 5 min
33. Xylene 3 min
34. Xylene 2 min
35. Fisher Permount

Check under scope

up and down sev. times.

(or longer, if needed)
Make new solution for
each basket of slides.
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REAGENTS FOR ALDEHYDE FUCHSIN

I. Gomorl's Aldehyde Fuchsin
For staining B cell granules.

1.5 gm. Basic fuchsin
70% ETOH
Concentrated HCl

Paraldehyde (CH^ CHO)^

300 ml.
3 ml.
3 ml.

Mix in 400 ml. reagent bottle. Let stand in partial sunlight
3-4 days. Color will become more purple and metallic coating
will appear on sides of bottle. Filter, lable, date and re-
frlgerate. Filter again before using. Staining time increases
with age.

2. Oxidizer

Prepares B granules to accept fuchsin.

A. 2.5% KMnO/^ stock solution

100 ml. Distilled H2O
2.5 gm. Ground KMnO¿^

Mix in 200 ml. reagent bottle. Label, date and store in
refrigerator. Deteriorates with age.

B. 0.5% H9SO/,

200 ml. Distilled H2O
I ml. Concentrated H2S0¿^

C. Oxidizer
Mix just before using in staining dish.

220 ml. Distilled H2O
25 ml. 0.5% H2SO4

5 ml. 2.5% KMn04

Or, as an optional method, make fresh KMnO^ oxidizer from
scratch each time;

220 ml. Distilled H2O
25 ml. 0.5% H2SO4

0.125 gm. KMnO^
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Removes excess fuchsin.

300 ml. 95% ETOH

3 ml. Concentrated HCl4.Ponceau de xylldene, 0.5%
Counterstains pancreatic acinar tissue light orange.

400 ml. 1% Acetic acid
2 gm. Ponceau5.Phosphomolybdic acid 2%

Removes excess Ponceau

150 ml. Distilled H2O
3 gm. Phosphomolybdic acid. Must be made fresh for each

basket of slides.
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FLUORESCENT ANTIBODY TECHNIQUE

ADAPTED FROM: Coons et al. 1955, indirect method

FIXATIVE: Bonin's.

STAINS: A cells of the pancreas, EG and AL cells of the gastroin-

testinal tract (with antiglucagon serum); B cells of the

pancreas (with antiinsulin serum).

PROCEDURE:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.

15.

16.

17.

18.

19.

Xylene 5 min.
Xylene 3 min.
Xylene 2 min.
100% ETOH 5 min.
100% ETOH 3 min.
100% ETOH 2 min.
95% ETOH 5 min.
95% ETOH 3 min.
80% ETOH 5 min.
70% ETOH 5 min.
50% ETOH 5 min.
Distilled HO 2 min.
Distilled H2O 2 min.
Scratch a ring around each section to be stained, on bottom of

slide, using a carbide-tipped pencil.

Blot area around each section with filter paper to keep antiserum

from running. Remove unneeded sections.

Place a drop of antiglucagon or antiinsulin serum on each section,

using a disposable pipet.

Incubate in humid chamber 45 min. at 37°C.

Rinse off serum with saline using a pipet.

Distilled H2O 5 min.

20. Place a drop of fluorescein-conjugated anti-IgG on each section
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(if the serum was produced in sheep, use anti-sheep IgG, etc.)»

Incubate 45 min. at 37°C.

21. Rinse off serum with saline.

22. Saline 5 min.

23. Coverslip in saline and observe. May be kept for several days in

saline without losing fluorescence.

SPECIAL PROCEDURE FOR SECTIONS ALREADY STAINED WITH SILVER:I.Remove coverslip under water. Let slides stand in distilled water

until coverslips fall off; avoid prying off.

2. Distilled H2O 5 min.
3. Distilled H2O 5 min.
4. 5% KCN to remove silver 15 min.

5. Distilled H2O 5 min.
6. Distilled H2O 5 min.7.Proceed to step 14 above.

HUMID INCUBATION CHAMBER. To prevent concentration or drying out of

antiserum during incubation.

petri dish

slides

plastic dividers from
microscope slide box,
or other supports

wet filter paper
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FLUORESCENT ANTIBODY CONTROLS;

A. Sections moistened with saline only. (To check for auto-

fluorescence.)

B. Sections coated only with the fluorescein conjugate. (To

check for adsorption.)

C. Sections stained with the fluorescent antibody procedure

using antiserum which had been blocked by incubation with

glucagon or insulin. (To check for the presence of any non-

glucagon, or non-insulin antibodies.)
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XANTHYDROL

FROM: Lillie 1965

FIXATIVE: 10% Formalin, Bouin’s

STAINS: A cells of the pancreatic islets.

PROCEDURE :

1. Xylene 5 min.
2. Xylene 3 min.
3. Xylene 2 min.
4. 100% ETOH 5 min.
5. 100% ETOH 3 min.
6. 100% ETOH 2 min.
7. 95% ETOH 5 min.
8. 95% ETOH 3 min.
9. 80% ETOH 5 min.
10. 70% ETOH 5 min.
11. 50% ETOH 5 min.
12. Distilled H2O 5 min.
13. Distilled H2O 3 min.
14. Glacial acetic acid Rinse
15. Glacial acetic acid Rinse
16. Xanthydrol 5 min.
17. Glacial acetic acid 3 min.
18. Glacial acetic acid 2 min.
19. Glacial acetic acid I min.
20. Glacial acetic & xylene, I:I 2 min.
21. Xylene 5 min.
22. Xylene 3 min.
23. Xylene 2 min.
24. Mount in cellulose caprate, dissolved in xylene. Any photography

should be done immediately, as this stain is not permanent and may
fade completely in two - six months.

XANTHYDROL. Mix just before using: 36 ml. Glacial acetic acid

4 ml'. Cone. HCl

I gm. Xanthydrol
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DMAS (p-dimethylaminobenzaldehyde)

FROM: Lillie 1965, p. 230.

FIXATIVE :

STAINS :

Calcium Acetate Formalin. Bouin's may also be used with the

special sequence below.

A cells of the pancreatic Islets.

PROCEDURE :

1.
2.
3.
4.
5.

Xylene
Xylene
Xylene
100% ETOH
100% ETOH

5
5
3
5
3

min.
min.
min.
min.
min.

SPECIAL SEQUENCE FOR BOUIN'S FIXED TISSUES ONLY:

6. 95% ETOH 5 min.
7. 95% ETOH 3 min.
8. 80% ETOH 5 min.
9. 70% ETOH 5 min.
10. LÍCO3 10 min.
II. 70% ETOH 5 min.
12. 80% ETOH 5 min.
13. 95% ETOH 5 min.

14. 95% ETOH 3 min.
15. 100% ETOH 5 min.
16. 100% ETOH 5 min.

17. Air Dry 30 sec.

18. DMAS 5 min.
19. Glacial Acetic Acid 30 sec.

20. Glacial Acetic Acid I min.

21.
22.

Glacial Acetic Acid
Counterstain with New Fuchsin
if desired

I min.

23. Freshly dlazotized S-acid 5 min.
24. Glacial Acetic Acid 30 sec.

25. Glacial Acetic Acid 30 sec.
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26. Glacial Acetic Acid I min.
27. Glacial Acetic Acid I min.
28. 50% Glacial Acetic in Xylene I min.
29. 20% Glacial Acetic in Xylene I min.
30. Xylene 5 min.

31. Xylene 3 min.
32. Xylene 2 min.
33. Mount in cellulose caprate

dissolved in xylene.

REAGENTS FOR DMAS

N

I. LÍCO3 70% ETOH saturated with LÍCO3

2. DMAS 30 ml. glacial acetic
10 ml. concentrated HCl
I gm. p-dimethylaminobenzaldehyde

3. New Fuchsin 40 ml. glacial acetic
20 mg. new fuchsin (Cl 678)

4. Diazotlzed S-acid 6 ml. distilled H2O
3 ml. N HCl

240 mg. S-acid (8-amino-I-napthol-5
sulfonic acid)

Cool mixture to 4°C in an ice bath.

Add I ml. N NaN02 (6.9 gm./lOO ml.) and
stir for 15 min. at 4°C

Add to 30 ml. glacial acetic
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PTAH (PHOSPHOÏUNGSTIC ACID HEMATOXYLIN)

FROM: Levene and Feng 1964.

FIXATIVE: Helly's, 10% formalin.

STAINS: A cells of the pancreatic islets.

PROCEDURE :

1. Xylene
2. Xylene
3. Xylene
4. 100% ETOH
5. 100% ETOH
6. 100% ETOH
7. 95% ETOH
8. 95% ETOH
9. 80% ETOH

10. 70% ETOH
11. 50% ETOH
12. Distilled H2O
13. Distilled H2O
14. Oxidizer
15. Distilled H2O
16. Decolorize
17. Tap water
18. Distilled H2O
19. Mordant
20. Distilled H2O
21. PTAH
22. 95% ETOH
23. 100% ETOH
24. 100% ETOH
25. 100% ETOH
26. Xylene
27. Xylene
28. Xylene
29. Fisher Permount

10 min.
10 min.

5 min.
5 min.
3 min.
2 min.
5 min.

3 min.
5 min.
5 min.
5 min.
3 min.
3 min.
5-40 sec.

Rinse
5-10 sec. in 4% K Metablsulfite
3-10 min. wash
Rinse
20 min.-2 hrs. in 4% iron alum

Quick rinse
16-48 hrs.
10 sec.-2 min.
5 min.
3 min.
2 min.
5 min.
3 min.
2 min.



PTAH REAGENTS

OXIDIZER, (0.3% KMnOA In 0.3% HqSOa)

100 ml. Distilled H2O
0.3 gm. KMnS04
0.3 ml. Concentrated H2SO4

PHOSPHOTUNGSTIC ACID HEMATOXYLIN

1. Dissolve O.I gra. hematoxylin in lOO ml. warm water.

2. Cool and add 2 gm. phosphotungstic acid.

3. Add 2.5 ml. KMnO^ (1% aqueous).

4. Shake well and let stand 48 hrs.

5. Filter

DECOLORIZER

200 ml. Distilled H2O
8 gm. Potassium metabisulfite

MORDANT

200 ml. Distilled H2O
8 gm. Iron alum
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LEAD HEMATOXYLIN

FROM: Solda et al. 1969

FIXATIVE: Kelly's

STAINS: A cells of the pancreatic Islets.

PROCEDURE :

I. Xylene 10 min
2. Xylene 10 min
3. Xylene 5 min
4. 100% ETOH 5 min
5. 100% ETOH 3 min
6. 100% ETOH 2 min
7. 95% ETOH 5 min
8. 95% ETOH 3 min
9. 80% ETOH 5 min
10. 70% ETOH 5 min
II. 50% ETOH 5 min
12. Distilled H2O 5 min
13. Distilled H2O 5 min
14. Lead Hematoxylin 2 hrs
15. Distilled H2O 5 min
16. Distilled H2O 5 min
17. 95% ETOH 3 min
18. 95% ETOH 3 min
19. 100% ETOH I min
20. 100% ETOH 2 min
21. 100% ETOH 4 min
22. Xylene 5 min
23. Xylene 3 min
24. Xylene
25. Fisher Permount

2 min

LEAD HEMATOXYLIN

1. Dissolve 250 mg. lead nitrate in 5 ml. distilled H2O.
2. Add 5 ml. saturated ammonium acetate and mix.
3. Add 0.2 ml. formaldehyde, 37%.
4. Mix with 200 mg. hematoxylin dissolved in 1.5 ml. 95% ETOH.
5. Add 10 ml. H2O and let stand for 30 min. with occasional shaking.
6. Filter.
7. Make up to 75 ml. with Distilled H2O.
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0-PKTHALALDEHYDE

FROM:

FIXATIVE :

STAINS :

Takaya 1970

None, technique done with cryostat sections.

A cells of the pancreatic islets.

PROCEDURE :

1. Freeze tissue in a mixture of acetone and dry ice.

2. Attach frozen tissue to cryostat holder with saline.

3. Prepare lO micron sections and attach to slides.

4. Moisten sections with saline.

5. Remove excess saline with filter paper.

6. Pipet drops of o-phthalaldehyde onto sections.

7. Coverslip and observe on Leitz Photomicroscope II, using flúores-
cence microscopy with excitation filters BG 38 and UG I, and
barrier filter K 430.

NOTE: Maximum fluorescence is supposed to be reached in 6-7 min., with

A cells becoming indistinguishable from the background after 30-40 min.

I was unable to see any A cell fluorescence using the above procedure.

O-PHTHALALDEHYDE, 1%

10 ml. Xylene or ethylbenzene
O.I gm. O-phthalaldehyde

10 ml. Saline, 0.9%. (with saline. Incubate 12 hrs. at 58°C
O.I gm. O-phthalaldehyde before use)
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GRIMELIUS SILVER IMPREGNATION

ADAPTED FROM:

FIXATIVE :

STAINS :

Grimelius 1968.

Bouin's

A cells of the pancreatic Islets; ECL,

of the gastrointestinal tract.

EC and G cells

PROCEDURE :

I. Xylene 10 min
2. Xylene 10 min
3. Xylene 5 min

o 4. 100% ETOH 5 min
5. 100% ETOH 3 min

ê 6. 100% ETOH 2 min

g 7. 95% ETOH 5 min

è 8. 95% ETOH 3 min
H 9. 80% ETOH 5 min
w
J

10. 70% ETOH 5 min
G II. 50% ETOH 5 min
H
W

12. Distilled H2O 2 min
13. Distilled hÍo 2 min
14. Distilled H„0 2 min

15. AgN03, 0.03% 24 hrs
16. Hydroquinone Developer 5 min

at 21°C
at 40-45°C

MULTIPLE IMPREGNATION SEQUENCE

17. Thiosulfate, 5% 2 min. at room temp.
18. Distilled H2O 2 min.
19. Distilled H2O 2 min.
20. Distilled H2O 2 min.
21. AgN03, 0.03% (fresh) 10 min. at room temp.
22. Hydroquinone Developer (fresh) 5 min. at 40-45°C
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23. Thiosulfate, 5% 2 min
24. Distilled H2O 2 min
25. Distilled H2O 2 min

26. Distilled H2O 2 min
27. AgN03 10 min

28. Hydroquinone Developer (fresh) 5 min

at room temp.

at 40-45°C

29. Distilled H2O 2 min.
30. Distilled H2O 2 min.
31. Distilled H2O 2 min.

SPECIAL PROCEDURE: Slides may be mounted in glycerin at this

point for photography, removal of silver , and restaining with

other techniques. If permanent slides are desired, dehydrate

and mount as below:

32. 95% ETOH 2 min.
33. 95% ETOH 2 min.
34. 100% ETOH 3 min.
35. 100% ETOH 3 min.
36. 100% ETOH 3 min.
37. Xylene 3 min.
38. Xylene 5 min.
39. Xylene 5 min.
40. Fisher Perraount
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GRIMELIUS REAGENTS

SILVER NITRATE STAIN

1. Buffer. Acetic acid - sodium acetate 0.2M, pH 5.6

136.09 gm./L = IM sodium acetate (crystal)

13.609 gm./L = O.IM

27.218 gm./L = 0.2M

Place on pH meter and add acetic acid to pH 5.6. 20 ml.

2. Distilled H2O 174 ml.

3. Silver nitrate, 1% aqueous 6 ml.

TOTAL 200 ml.

DEVELOPER

Hydroquinone
1%

Sodium Sulfite
5%

Distilled

H2O

Single impregnation 2 gm. 10 gm. 200 ml.

Double impregnation 4 gm. 20 gm. 400 ml.

Triple impregnation 6 gm. 30 gm. 600 ml.



121

HELLERSTRÔM-HELLMAN SILVER IMPREGNATION

FROM: Hellerstrom and Heilman I960.

FIXATIVE: Bonin’s

STAINS: D cells of the pancreatic islets.

PROCEDURE :

1. Xylene
2. Xylene
3. Xylene
4. 100% ETOH
5. 100% ETOH
6. 100% ETOH
7. 95% ETOH
8. 95% ETOH
9. 80% ETOH
10. 70% ETOH
11. 50% ETOH
12. Distilled H2O
13. Refix in Bonin's
14. Rinse in rnnning tap H2O
15. 70% ETOH
16. 95% ETOH
17. 95% ETOH
18. Silver nitrate solntion

19. 95% ETOH

20. Developer

10 min.
lO min.

5 min.
5 min.
3 min.
2 min.

5 min.
3 min.
5 min.
5 min.
5 min.
5 min.
2 hrs. at 37°C
I hr.
5 min.
5 min.
5 min.

Overnight (12-18 hrs.
at 37°C)

Dip (maxlmnm lO sec. to
remove precipitate)

I min. exactly (agitate)

SPECIAL PROCEDURE: Slides may be monnted in glycerin at this point for

photography, removal of silver, and restaining with other techniqnes.

21. 95% ETOH I min
22. 95% ETOH I min
23. 95% ETOH I min
24. 100% ETOH 3 min
25. 100% ETOH 2 min
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26. Toluene (or Xylene)
27. Toluene (or Xylene)
28. Mount in Fisher Permount

hellerstr5m-hellman reagents

Stock Silver Nitrate Solution:

I.O N HCl:

Silver Nitrate Stain:

10 gm. AgNO
10 ml. H2O
14.6 ml HpO
I ml. HNO3

10 ml. AgNO
90 ml. 95% :
O.I ml. I.O

5 min.
3 min.

. Stock
:toh
N HNO3

Developer : 5 gm. Pyrogallic Acid
100 ml. 95% ETOH

5 ml. ACS formalin (Concentrated)
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PSEUDOISOCYANIN

FROM: Solda et al. 1968

FIXATIVE: Bouin's

STAINS: D cells of the pancreatic islets and gastrointestinal tract.

PROCEDURE :

1. Xylene
2. Xylene
3. Xylene
4. 100% ETOH
5. 100% ETOH
6. 100% ETOH
7. 95% ETOH

8. 95% ETOH
9. 80% ETOH
10. 70% ETOH
11. 50% ETOH
12. Distilled H2O
13. Distilled H2O
14. 0.2N HCl
15. Distilled H2O
16. Distilled H2O
17. Distilled H2O
18. 0.02% Pseudoisocyanin

5 min.
3 min.
2 min.
5 min.
3 min.
2 min.
5 min.

3 min.
5 min.
5 min.
5 min.
3 min.
3 min.
3 hrs. at 60°C
5 min.
5 min.
5 min.

Overnight for fetal material

SPECIAL PROCEDURE: D cells of the adult islets are usually brightly

stained in I hour. As Illustrated in Figure 70, when adult material is

left in pseudoisocyanin for 30 hours, it is possible to distinguish A,

B and D cells, because the D cells retain their yellow fluorescence

while the A cells fluoresce bright red and the B cells remain dull

brick red in coloration.19.Coversllp with wet stain still on slide. May be kept in stain 1-2 days.
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SPECIAL PROCEDURE FOR PSEUDOISOCYANIN RESTAINING OF SECTIONS ALREADY

STAINED WITH SILVER:

1. Remove coverslip under water. Let slides stand

until coverslips fall off; avoid prying off. •

2. Rinse off glycerine with distilled H2O.

3. Distilled H2O
4. Distilled H2O
5. 5% KCN (fresh)

6. Distilled H2O

7. Distilled H2O

8. Distilled H2O
9. Proceed to step 14 above

in distilled H2P

5 min.

5 min.

2 hrs. for fetal material
15 min. to I hr. may be
adequate for adult islets

5 min.

5 min.

5 min.

PSEUDOISOCYANIN REAGENTS

PSEUDOISOCYANIN, 0.02%

100 ml. distilled H2O
20 mg. pseudoisocyanin

0.2N HCl

Concentrated HCl = I2N
I ml. HCl: 12 ml. H2O = IN
1 ml. HCl: 120 ml. H2O = O.IN
2 ml. HCl: 120 ml. H2O = 0.2N
I ml. HCl: 60 ml. H2O = 0.2N
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VARIATIONS EXPLORED WITH THE PSEUDOISOCYANIN METHOD IN DERIVING

A PROCEDURE FOR STAINING FETAL D CELLS

1. CONCENTRATION OF KCN
2. TIME IN KCN

3. HCl HYDROLYSIS
4. HCl TEMPERATURE
5. PSEUDOISOCYANIN
6. CONCENTRATION OF PSEUDOISOCYANIN

7. TIME IN PSEUDOISOCYANIN

I,2, 5%
I, 2, lO, 15, 30 min.
1, 2, 3 hrs.
2, 3, 4, 6, 8 hrs.
37, 45, 60°C
Freshly mixed vs reused stain
0.02%, 0.06%
I, 15, 30 min.
I, 3, 4, 6, 12, 18, 24,
30, 72 hrs.

EXPLANATION :

1. Best results were obtained when KCN for silver removal was

increased to 5% concentration.

2. The unusually long time of 2 hrs., along vrith the 5% concentra-

tion of KCN required for successful staining of fetal D cells, suggests

that either complete removal of silver is essential, or that the

reducing effect of KCN has a beneficial effect on staining.

3. The recommended 3 hr. hydrolysis was found most effective.

Longer times caused excessive damage, leaving sections distorted and

wrinkled. Frequently, most or all of the sections became detached from

the slide with longer hydrolysis.4.The recommended 60°C hydrolysis temperature gave best results.
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D cells, it was found necessary to use freshly mixed stain for fetal

cells, apparently because of the greatly increased staining time.

Reuse of the staining solution frequently gave poor or negative re-

suits.

6. An increased concentration of 0.06% pseudoisocyanin gave no

additional benefit to D cell staining, and had the deleterious effect

of overstaining the exocrine tissue and the other islet cells, with

a resultant loss of contrast.

7. As shown in the staining protocol above, optimum staining was

obtained within the range of 12 - 24 hrs.
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SILVER STAIN FOR FOURTH CELL TYPE

Derived during the experiments discussed in Part I of the preceding

studies, from the Grimelius silver technique for A cells.

FIXATIVE: Bouin’s

STAINS: Fourth cell type of the fetal and adult rat pancreas; an

unknown cell population of the fetal and adult rat gastro-

intestinal tract.

o

è
M

w

o
z
H
C/3

w
hJ

o
o

PROCEDURE :

I. Xylene 10 min.
2. Xylene 10 min.
3. Xylene 5 min.
4. 100% ETOH 5 min.
5. 100% ETOH 3 min.
6. 100% ETOH 2 min.
7. 95% ETOH 5 min.
8. 95% ETOH 3 min.
9. 80% ETOH 5 min.
10. 70% ETOH 5 min.
II. 50% ETOH 5 min.
12. Distilled H2O 2 min.
13. Distilled HpO 2 min.
14. Distilled H2O 2 min.
15. AgN03, 0.06% 48 hrs.
16. Hydroquinone Developer 2 min.

MULTIPLE IMPREGNATION SEQUENCE

17. Thiosulfate, 5% 2 min.
18. Distilled H2O 2 min.
19. Distilled H2O 2 min.
20. Distilled H2O 2 min.
21. AgN03, 0.06% (fresh) 10 min.
22. Hydroquinone Developer (fresh) 2 min.

at SI^C
at 40-45°C

at room temp.

at room temp,
at 40-45'’C
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23. Thiosulfate, 5% 2 min. at room temp.
24. Distilled H2O 2 min.

w 25. Distilled H2O 2 min.
fM
M 26. Distilled H2O 2 min.
Pá
B-i 27. AgNO^ (fresh) 10 min. at room temp.

28. Hydroquinone Developer (fresh) 2 min. at 40-45°C

29. Thiosulfate, 5% 2 min. at room temp.
w
hJ 30. Distilled H2O 2 min.

è 31. Distilled H2O 2 min.
pá
P 32. Distilled H^O 2 min.

1 33. AgN03 (fresh) 10 min. at room temp.
O' 34. Hydroquinone Developer (fresh) 2 min. at 40-45°C

35. Distilled H2O 2 min.
36. Distilled H2O 2 min.
37. Distilled H2O 2 min.

SPECIAL PROCEDURE: Slides may be mounted in glycerin at this

point for photography, removal of silver, and restaining with

other techniques. If permanent slides are desired, dehydrate

and mount as below:

38. 95% ETOH 2 min.
39. 95% ETOH 2 min.
40. 100% ETOH 3 min.
41. 100% ETOH 3 min.
42. 100% ETOH 3 min.
43. Xylene 3 min.
44. Xylene 5 min.
45. Xylene
46. Fisher Permount

5 min.
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REAGENTS FOR THE SILVER STAIN FOR THE FOURTH CELL TYPE

Buffer. Acetic acid - sodium acetate 0.2M, pH 5.6

136.09 gm./L = IM sodium acetate (crystal)

13.609 gm./L = O.IM

27.218 gm./L = 0.2M

Place on pH meter and add acetic acid to pH 5.6

PER TRIPLE
REAGENTS DISH IMPREGNATION

SILVER
NITRATE
STAIN

(0.06%)

Distilled H2O
Buffer

AgN03, 1%

168 ml.
20 ml.
12 ml.

X 2
X 2
X 2

= 336 ml.
= 40 ml.
= 24 ml.

HYDROQUINONE Distilled H2O 200 ml. X 3 = 600 ml.
DEVELOPER Hydroquinone 2 gm. X 3 = 6 gm.
(1%) NaSO^ 10 gm. X 3 = 30 gm.

THIOSULFATE Distilled H2O 200 ml. X 2 = 400 ml.

(5%) Sodium Thio-
sulfate

10 gm. X 2 = 20 gm.
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VARIATIONS EXPLORED WITH THE GRIMELIUS TECHNIQUE IN DERIVING THE SILVER

STAIN FOR THE FOURTH CELL TYPE

1. SECTION THICKNESS
2. AgNOo CONCENTRATION
3. INCUBATION TIME
4. DEVELOPING TIME
5. THIOSULFATE
6. IMPREGNATION

3, 4, 5 or 6 microns
0.03%, 0.06% or 0.12%
24 or 48 hrs.I,2 or 5 min.
15 sec., 2 min. or 5 min
I, 2, 3 or 4 times

EXPLANATION:

1. It was found that the thinner sections (3 or 4 microns) gave an

optimum degree of clarity and contrast. If very thin sections are

desired, it is necessary to go through additional impregnations.

2. Doubling the concentration of AgN03 nearly obliterated adult

A cell staining, but enhanced staining of the 4th cell type and reduced

non-specific staining of B cells and exocrine tissue. A concentration

of 0.12% had little additional effect.3.Increase in incubation time from 24 to 48 hours increased the

staining of the 4th cell type. On the other hand, this increase in

time greatly reduced A cell staining, leaving the 4th cell type

stained black, with the A cells only showing some light brown color-

ation.

4. In all cases, increasing the time in hydroquinone developing

solution increased the overall darkness of the stain. Optimum results

were obtained with a reduced developing time of 2 minutes.
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5. Reduction of the time in thiosulfate from tv70 minutes to 15

seconds had little effect, but increasing the time to five minutes

caused excess bleaching of stained cells.

6. Single impregnation was inadequate in all cases. However,

double or triple impregnation gave good results in adult tissue, while

triple or quadruple impregnation produced the brown and black cells

seen in fetal islets.



APPENDIX B, FORMULAS FOR FIXATIVES USED
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BOUIN'S FIXATIVE

1. Saturated Picric Acid Solution
I gal. Distilled H2O
lOO gm. Picric acid
Let stand 2 days or more; shake occasionally.

2. Bouin's Stock Solution
75 ml. Saturated picric acid solution
25 ml. Formaldehyde, 37-40%

3. Bouin’s Fixative
23.7 ml. Bouin's stock solution
1.3 ml. Glacial acetic acid. Use this amount for each tissue

vial. Mix immediately before fixing tissue.

BOUIN-HOLLANDE

100 ml.
4 gm.

2.5 gm.
10 ml.

1.5 ml.

Distilled H2O
Picric acid

Copper acetate
Formaldehyde, 37-40%
Glacial acetic acid

10% FORMALIN

90 ml. Distilled H2O
10 ml. Concentrated formaldehyde, 37-40%

This is the so-called 10% formalin solution commonly used
in biology and medicine. The actual concentration of
formaldehyde is only 3.7-4%.

CALCIUM ACETATE FORMALIN

90 ml. Distilled H2O
2 gm. Calcium acetate (monohydrate)

10 ml. Formaldehyde, 37-40%
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BELLY'S (ZENKER FORMOL)

Belly's Stock Solution

100 ml. Distilled B2O
2.5 gm. Potassium dichromate

I gm. Sodium sulfate
5 gm. Mercuric chloride

Belly's Fixative

20 ml. Belly's stock solution
I ml. Formaldehyde, 37-40%. Mix just before using.

ZENKER'S FIXATIVE

Zenker's Stock Solution

100 ml. Distilled B^O
2.5 gm. Potassium dichromate

I gm. Sodium sulfate
5 gm. Mercuric chloride

Zenker's Fixative

20 ml. Zenker's stock solution
I ml. Glacial acetic acid. Mix just before using.



APPENDIX C SOURCES FOR STAINS AND SPECIAL REAGENTS



136

TECHNIQUE REAGENT SOURCE

ALDEHYDE FUCHSIN Basic Fuchsln 5.

Paraldehyde 5.
Ponceau de Xylidene 5.

Phosphomolybdic Acid 5.

XANTHYDROL Xanthydrol 5.
Cellulose Caprate 5.

DMAS (Postcoupled P-dlmethylaminobenzaldehyde 5.

Benzylidene) S-acid (8-amino-I-napthol-
5-sulfonic acid) 5.

New Fuchsin 5.

PTAH (Phosphotungstic Phosphotungstic Acid 5.
Acid Hematoxylin) Hematoxylin 5.

LEAD HEMATOXYLIN Hematoxylin 5.

0-PHTHALALDEHYDE 0-phthalaldehyde 6.

GRIMELIUS, AND STAIN Silver Nitrate 5.
FOR THE 4TH CELL TYPE Hydroquinone 2.

HELLERSTROM-HELLMAN Silver Nitrate 5.

Pyrogallic Acid 5.

PSEUDOISOCYANIN Pseudoisocyanin I.

FLUORESCENT ANTIBODY SERA:

Guinea Pig Anti Insulin Serum 3, 8.
Rabbit Anti Beef-Pork Glucagon 4.
Guinea Pig Anti Beef-Pork Glucagon 4.
Sheep Anti Beef-Pork Glucagon 4.

Fluorescein Isothiocyanate (FITC)-
conjugated 7S Fraction of Guinea
Pig Anti Rabbit IgG 7.
FITC-conjugated 7S Fraction of
Goat Anti Guinea Pig IgG 7.
FITC-conjugated 7S Fraction of
Rabbit Anti Sheep IgG 7.
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ADDRESSES OF REAGENT SOURCESI.AGFA GEVAERT AG
509 Leverkusen-Bayerwerk
Deutches Bundes-Republik2.ALDRICH CHEMICAL CO.

159 Forrest Street

Metuchen, New Jersey
08840

3.CALBIOCHEM
10933 N, Torrey Pines Road
La Jolla, California

920374.Dr. Pedro Cuatrecasas

National Institutes of Health

Bethesda, Maryland
20034

5.FISHER SCIENTIFIC COMPANY
3315 Winton Road

Raleigh, North Carolina
276046.FLUKA AG

Tridom Chemical Company
255 Oser Avenue

Hauppauge, New York
II7877.ICN PHARMACEUTICALS

(formerly Nutritional Biochem-
icals Inc.)

Life Sciences Group
26201 Miles Road

• Cleveland, Ohio
44128

8. MILES-YEDA LTD.
P. 0. Box 1122

Kiryat Weizmann
Rehovot, Israel



APPENDIX D. ORGAN CULTURE TEŒNIQUE

SCHWEISTHAL METHOD FOR

FETAL RAT PANCREAS



139I.GENERAL PLAN PRECEDING AN EXPERPIE.NT

A. Breed rats so that embryos of the desired age will be available
on the first day of culture.

B. Start fertilized eggs in incubator, 12 days ahead of first day
of culture. Place eggs in incubator daily, or every other day,
to supply 12 day chick embryo extract for each transfer.

C. Schedule, Week I;

1. Monday. a. Review experimental plan.
b. Autoclave filter apparatus.

2. Tuesday. a. Make up Tyrode's solution.
b. Make up sodium bicarbonate.

OPTIONAL PROCEDURE (Commercial serum may be used)

3. Wednesday, a. Pick up roosters.
b. Sterilize for collecting rooster serum.

4. Thursday. a. Draw blood.
b. Collect serum.

c. Prepare bicarbonate.5.Friday, a. Dry heat sterilize for experiment, 2 hrs. at 160-
I65°C. All items to be sterilized or autoclaved are

wrapped in brown Kraft paper, with the exception of
items in metal-capped glass tubes. Temperatures
over I70°C will scorch paper. Sterilized items may
be stored in closed dry heat sterilizer until use.

b. Autoclave for 30 min. at 15 lbs. and 150°C.D.Schedule, Weeks 2 and 3:

1. Monday. Start cultures. Cultures are gassed daily for I hr.
with a mixture of 95% O2 and 5% C02.

2. Wednesday. Transfer cultures.

3. Friday. Transfer cultures.

4. Sunday. Transfer cultures.

5. Tuesday. Transfer cultures.

6. Thursday. Collect and fix cultures for study.



140II.FILTER APPARATUS FOR STERILIZATION OF BICARBONATE SOLUTION

A. Assemble filter, add glass distilled H2O, and run filter.
(All H2O used in contact with culture equipment is triple
distilled, with the final step carried out in a glass still.)

B. Rinse filter and flask, and wrap.

C. Wrap gauze plug and metal cap in duplicate, and autoclave with
filter assembly.III.TYRODE’S SOLUTION

A. Measure 250 ml. of glass distilled H2O into a flask large
enough to hold over 1000 ml. Add each compound listed below
and dissolve completely. Add more water to total 1000 ml.
Measurements of water and chemicals must be accurate.

B. Chemicals used;

I. NaCl 8.0 gm.
2. KCl 0.2 gm.
3• C3CI2 0.2 gm.
4. MgCl2 O.I gm.
5. NaH2P04 0.05 gm.
6. Glucose I.O gm.
7. Glass distilled H2O 1000 ml.C.Place 100 ml. amounts into 125 ml. Erlenmeyer flasks (10),
stopper with gauze plugs, cover with metal caps and autoclave
for 30 min. At end of this time, push metal caps down to
secure seal, allow to cool and place in refrigerator for
storage.IV.SODIUM BICARBONATE BUFFER FOR TYRODE’S SOLUTION

A. Dissolve I.O gm. NaHCO^ completely in lOO.O ml. of glass
distilled H2O, using a 1000 ml. florence flask.

B. Filter through millipore apparatus (which has been autoclaved
and allowed to cool) with the use of a Vacuum pump.

C. Stopper flask from filter apparatus with a gauze plug, cover
with metal cap and refrigerate. This will later be divided
into 10 sterile tubes.
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V. OPTIONAL PROCEDURE; COLLECTION OF ROOSTER SERUM

A. Items needed: Dry heat sterilizer. Quantity

1. Centrifuge tubes 20

2. Short disposable pipets ' 25

3. Box of instruments marked straight 2
(containing: 2 pair dissecting scissors

. 2 pair large straight forceps)

4. Box of instruments marked curved 2

(containing: 2 pair dissecting scissors
2 pair large curved forceps
I pair fine curved forceps)

5. SS needles, #13 (use 50cc disposable syringes) 7
»

6. Glass stirring rods 10

7. Serum tubes 15

B. Items needed: Autoclave.

1. Petri plate with 10 size "0" rubber stoppers, 4
wrapped in brown paper

2. Petri plate with 2ml. amber bulbs, I
wrapped in brown paperC.Draw Blood:

1. Secure rooster by tying wings at base and at tips.

2. Secure rooster to board by tying both feet.

3. Administer ether, initially to both nostrils, then to just
one.

4. Rinse breast and legs well with 70% alcohol and pull feathers
from these areas. Rinse again with 70% alcohol.

5. Make a skin incision just posterior to breast bone and carry
incision anterior between body and leg (beware of large
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vessel in this area).

6. Make an incision through muscle to expose body cavity, and
carry incision anterior remaining approximately 1/2 inch
below the rib cage.

7. Secure sterile scissors to cut the pericardium and fully
expose the heart.

8. Secure sterile 50cc syringe and //l3 needle.

9. Penetrate the left ventricle with the slanted part of the
needle pointed superiorly and collect as much v/hole blood
as possible. (If difficulty is encountered, relocate
needle or forcibly move the sternum up and down slowly.)

10. Remove needle (place needle in water bath) and place about
25 cc. of blood per 50 ml. centrifuge tube.

11. Immediately rinse needles by drawing water (from water bath)
into syringe, repositioning needle and forcing water through
the needle (be sure to remove all blood from the needle).

D. Collect Serum:

1. One-half hour after last centifuge tube received blood, or
after all the blood in each tube has clotted, take a stirring
rod and break up the clot by making an X through the clot.
Then ring the clot by making circular movements around the
sides of the centrifuge tube with the stirring rod.

2. Allow tube to stand for 2-3 hrs. (until a sizeable amount of
serum is visable).

3. At this point, stopper the tubes, match tubes (balance) and
centrifuge at top speed of International table model clinical
centrifuge for 3 min.

4. Remove tubes; with a short disposable plpet collect serum
into another centrifuge tube. Stopper and centrifuge at top
setting as above for 5min.

5. Remove tubes, collect serum into long test tubes, leaving
behind any remaining blood cells.

Flame end of serum tubes, stopper, cap and store in refrig-
erator.

6.
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VI. PREPARE BICARBONATE

Remove flask from refrigerator and place in holder in dissecting
hood. Using a long disposable pipet, place 3-5 ml. (estimate)
of bicarbonate into each of 10 long test tubes (sterile). Flame,
stopper, cap and store in refrigerator in test tube rack with
serum tubes.



144

VII. EXPERIMENT

A. ITEMS NEEDED FOR DRY HEAT STERILIZATION Quantity

I. Culture unit

(Glass petri dish containing a 75 mm 22 (always 2 to spare)
watch glass on a circle of cotton)

2. Metal grids

3. lOO ml. beaker

40 or more (2 petri
plates wrapped separ-
ately.)

2

4. Petri plate

5. Petri plate bottom

6. Depression slides

7. Box of instruments marked straight

8. Box of instruments marked curved

9. Instrument holders

4

2

24 or more (2 boxes)

2

2

3

10. 250 ml. beaker 2

11. Rayon grids 20 Wrapped in petri
plate

12. Knives, forceps and scissors
for fine dissection I box

13. TEST TUBE RACK CONTAINING PIPETS ETC.

lO ml. pipets 2 tubes (4 pipets)
5 ml. pipets 2 tubes (4 pipets)
2 ml. pipets 2 tubes (4 pipets)
I ml. pipets 2 tubes (4 pipets)

Long disposable pipets 2 tubes (4 pipets)
Short disposable pipets 4 tubes (8 pipets)
Stirring rods 2 tubes (4 pipets)

3 ml. pipet (cut off from
lO ml. pipet & fire polished) 2 tubes (2 pipets)
Centrifuge tubes 4
Serum tubes 2
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B. ITEMS NEEDED FOR AUTOCLAVE: Quantity

1. 200 ml. flasks, filled to 2
150 ml. mark with glass-
distilled H2O, capped with
metal cap and gauze plug

2. 2 ounce red rubber bulbs, 2
wrapped in brown paper

3. Petri plate with size
"0" rubber stoppers
wrapped in brown paper

4. Petri plate with 2 ml.
amber bulbs. Wrapped in
brown paper

C. EXPERIMENTAL PROCEDURE:

1. Open dissecting hood.
2. Candle eggs.
3. Empty refrigerator.

a. Tyrode's solution
b. Sodium bicarbonate
c. Two 200 ml. flasks of autoclaved distilled H2O

4. Take package from culture oven containing:
a. Stoppers
b. Amber bulbs
c. Two 2 ounce rubber bulbs

5. Empty dry heat sterilizer.
6. Start 2 250 ml. beakers of distilled H2O on hotplates (bring

to boil).
7. Buffer Tyrode's by adding 1.3 ml. bicarbonate to the Tyrode's

solution. Rinse pipet and swirl flask to mix. Check pH,
should be 7.2-7.6, Ideally 7.4. If pH is correct, flame lip
of flask and place in holder in hood.

8. Add autoclaved distilled H2O to culture units (lO ml. or
more each).

9. Prepare for chick embryo extract by:
a. Placing long disposable pipet in Tyrode's solution.
b. Unwrap an instrument holder.
c. Place short disposable pipet in instrument holder.
d. Unwrap box of instruments marked curved, and place

scissors from this box in instrument holder.
e. Place centrifuge tube in holder in dissecting hood.
f. Place egg cup (large metal cap for flask) in petri

plate bottom.

2 plates (20 stoppers)

I plate (10 bulbs)
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g. Place lOO ml beaker under small plexiglás hood inside
dissecting hood.

h. Place candled egg in egg cup.
10. Preparation of chick embryo extract

a. Wash egg with 70% ETOH.
b. Crack egg with curved forceps.
c. Rinse forceps in boiling water.
d. Cut membranes to make a window to visualize embryo.
e. Secure embryo by neck, raise, and cilt omphalomesenteric

vessels.
f. Place embryo in lOO ml. beaker.
g. Wash with Tyrode's twice (throw away discard pipet after

first use; use pipet in Tyrode's for second rinse, then
throw it away).

h. Mince embryo thoroughly with scissors.
i. Collect minced chick with 3 ml. pipet and place into

centrifuge tube (collect as much as is possible-usually
around 4-5 ml.).

j. Mince further with stirring rods.
k. Add Tyrode's to minced embryo in a ratio of I:I (i.e. , if

4.5 ml. minced chick is collected, add 4.5 ml. Tyrode's).
l. Mix further with stirring rods.
m. Swirl and stopper.
n. Centrifuge for 3 min. at setting 5 of table model clinical

centrifuge.

11. Preparation of medium
a. While chick embryo extract is centrifuging secure serum

from refrigerator.
b. Measure out an appropriate amount of serum into a centri-

fuge tube. Guidelines:
20 Plates - 8.5 ml.
10 Plates - 4.5 ml.

c. Secure chick embryo extract from centrifuge and measure
out an equal amount and add to the serum (i.e. I:I ratio
of serum to chick embryo extract).

d. Mix well by drawing up and expelling from pipet several
times.

12. Preparation of plates
a. Place small amount of medium in an extra culture unit

and add 10 rayon grids to soak up medium.
b. Set out 10 plates at a time.
c. Place small drop of medium on watch glasses in the 10

plates.
d. Place metal grids over the drops in each of the 10 plates.
e. Add more medium under and beyond metal grid, just to the

point of flotation.
f. Place rayon grid on metal grid.
g. Repeat a-f for the remaining lO plates.
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13. Prepare for dissection
a. Place dissecting scope with small dissecting hood in center

of work area.

b. Secure two instrument holders.
c. Place short disposable pipet in left instrument holder.
d. Place long disposable pipet in Tyrode’s solution.
e. Open petri plate and place top and bottom on right and

left sides of dissecting scope for discarded material.
f. Unwrap depression slides and place box on shelf just

behind dissecting scope.
g. Place fine dissecting instruments in instrument holder

on right.

14. Dissection
a. Collect pancreatic expiants and place in culture units.
b. Place culture units in dessicator jar in culture oven.

Be sure that the culture units from this time on are

always handled on the horizontal.

15. Run oxygen
a. After last plate is placed in the dessicator, close

dessicator lid and start oxygen (95% oxygen, 5% CO2) by
turning the gas regulator handle clockwise, until gas
mixture is bubbling through the water in two flasks in
the culture oven.

b. Gas should be flowing evenly with a small time lapse
between each bubble (i.e. not rapid).

c. Run gas for I hr. and record time in research book.

16. Cleanup
a. Immediately clean and rinse all glassware and instruments.

Do not use soap. During entire experiment dirty glass-
ware and instruments should be handed to an assistant
for immediate cleaning, or placed directly into
distilled H2O.

b. For rest of cleaning procedures follow instructions
listed under that title below.

c. Wash shelves, table top and doors of dissecting hood with
70% ETOH and close.
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VIII. TRANSFER

A. ITEMS NEEDED FOR DRY HEAT STERILIZATION QuantityI.Culture units 222.Metal grids 40 or more

3. 100 ml. beaker 2

4. Petri plate I

5. Petri plate bottom I

6. Depression slides 24 or more

7. Box of instruments marked curved 2

8. Instrument holders 2

9. 250 ml. beaker 210.TEST TUBE RACK CONTAINING PIPETS ETC.

10 ml. pipets 2 tubes (4 pipets)
5 ml. pipets 2 tubes (4 pipets)
2 ml. pipets 2 tubes (4 pipets)
I ml. pipets 2 tubes (4 pipets)
Long disposable pipets 2 tubes (4 pipets)
Short disposable pipets 4 tubes (8 pipets)
Stirring rods 2 tubes (4 rods)
3 ml. pipet (cut off from 10 ml.) 2

Centrifuge tubes 4
Serum tubes 4

B. ITEMS NEEDED FOR AUTOCLAVE Quantity

1. 200 ml. flasks, filled to 150 ml. 2
mark with glass-distilled H2O

2. 2 ounce red rubber bulbs, wrapped 2
in brown paper

3. Petri plate with size "0" rubber I
stoppers, wrapped in brown paper

4. Petri plate with 2 ml. amber I
bulbs, wrapped in brown paper
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C. TRANSFER PROCEDURE:I.Perforin steps I through II of EXPERIMENT PROCEDURE VII C.

2. Preparation of plates
a. Set out 10 plates at a time.
b. Place small drop of medium on watch glass in each of 10

plates, using a small disposable pipet.
c. Place metal grids over the drop of medium in each plate.
d. Add more medium under and beyond metal grid, just to

the point at which the metal grid begins to float.
e. Repeat a-d for the remaining lO plates.

3. Preparation for transfer
a. Place small rectangular plexiglas hood in center of

work area.

b. Place box of depression slides on top of small hood.
c. Place long disposable pipet in Tyrode's solution.
d. Secure fine pointed curved forceps from instrument box

marked "curved" and place in instrument holder.

4. Transfer of cultures
a. Remove one dessicator lid and take out culture units.
b. Take one plate to the dissecting hood. Immediately

cross out the number on that plate and write it on a
new plate.

c. Place a small amount of Tyrode's on a depression slide.
d. Secure the side of the rayon grid with curved forceps

and place it in the Tyrode's solution. Move up and down
twice, blot on side of depression slide and transfer
to metal grid in new culture plate.

e. If needed, add a slight amount of medium to reach the
point of flotation of the metal grid.

f. Place the used watch glass in a water bath or hand to
an assistant.

g. Place the used culture unit outside the hood. These
plates are cleaned immediately after the transfer is
completed and the oxygen started.

h. Return culture unit to the dessicator and return with
another plate for the same treatment.5.Perform steps I5-I6 of EXPERIMENT PROCEDURE VII C.
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IX. SPECIAL CLEANING PROCEDURES

A. Glassware and dissecting equipment
1. Tap water Rinse
2. Glass-distilled H2O Rinse
3. Boiling glass-distilled H2O 5-10 min.
4. Glass-distilled H^O Pv.lnse
5. Glass-distilled H2O Rinse
6. Place in porcelain pan in hot dry

heat sterilizer and allow to dry.
7. When dry and cool, wrap and replace

units in drawers.B.Metal grids
1. Tap water
2. Glass-distilled H2O
3. 70% ETOH

4. 95% ETOH
5. Ether
6. Glass-distilled H2O
7. Glass-distilled H2O
8. Boiling glass-distilled H2O
9. Hot dry heat sterilizer10.Place in clean petri plate. 22

plate. Wrap and write quantity
wrapper.

Rinse

Rinse
Store until ready to
proceed with cleaning.
5 min.
10 min.

Rinse

Rinse
10 min.

Dry
per
on

C. Rayon for culture grids
1. Place 4-5 cm., squares of rayon grid fabric into petri

plate. Add distilled H2O and place in ll^C oven.
2. Change distilled H2O several times .
3. At end of 25 hrs., proceed as follows:
4. Distilled H2O
5. 100% ETOH
6. 100% ETOH
7. 100% ETOH
8. Ether
9. Ether

10. Glass-distilled H2O
11. Glass-distilled H2O
12. Dry cloth at 37°C and prepare grids as

section IX below.

D. Dessicator
1. Remove black rubber ring.
2. Rinse in distilled H„0.
3. Dry in dry heat sterilizer at 50®C. (except rubber)
4. Wrap parts in brown paper for sterilization.

2 hrs.
30 min. at 37°C
30 min. at 37°C
30 min. at 37°C
30 min. at 37°C
30 min. at 37°C
Rinse
Rinse
described in
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Unit Includes :

a. Petri plate bottom
b. Glass body
c. Inverted cover

d. Top piece
e. Glass rod
f. Clamp
g. Wire bent in a U shape

5. Sterilize in dry heat oven.
6. Autoclave black rubber ring, rubber hoses and 250 ml

flasks half-filled with glass-distilled H2O.
7. Before replacing dessicators into culture oven, wash_down

oven thoroughly with 70% ETOH.
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X. PREPARATION OF RAYON CULTURE GRIDS

A. Cut grid material into squares, 7inm. X 7 mm.

B. Hold square firmly against petri plate using notched glass
slide. Always handle with forceps, never with fingers.

C. Draw threads from slot just below notch using jeweler's
forceps, with the following pattern:

1. Starting at the mid-point of one side, leave middle 2
threads. Working under a dissecting microscope, pull
out the next 2 threads, leave 2, pull 2 and repeat on
the other side of the mid-point.

2. Rotate grid 90°, again leaving middle 2 threads, pull 2
leave 2 as above.

3. Trim edges, leaving 3 or 4 close threads as borders on
all four sides.
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