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CHAPTER 2

CYCLIC HISTOLOGICAL AND HISTOCHEMICAL CHANGES IN THE
PANCREAS IN REIATION TO BILOOD GLUCOSE IEVEIS
IN THE MIGRATORY STARLING, STURNUS ROSEUS (LINNAEUS)

Histophysiological studies on avian pancreas have been
very few in comparison with those on the mammalian. Nagelschmidt
(1939), Bargmann (1939) and Miller (1942) in their studies on the
histoiogy of the avian pancreas\observed>the dark and light islets
consisting of alpha and beta cells respectively. Van Campenhout
and Cornelis (1954) grouped birds under two categories depending

on the nature of the islets they poésess.

The distribution of the alpha ahd beta islets in chickens
of varij? ages, ha; been studied by Oakberg (1949) and found that
the number of alpha cells remains fairly constént‘upto thres hundred
days but the beta cells increase. Epple (1961) has studied the
pancreas of the black bird in different seasons and found variations
in the differeﬂt types of cells‘ig the post nuptial and moulting
periods and in Spring and Winter.

In mammals the production of new alpha and beta cells
. by the conversion of acini cells ob from the duct cells has been

described by several authors (Hughes, 19473 Johnson, 1950; House, 1958).

In birds, except for a few references on the conversion
of duct cells into islet cells (Epple, 1961), there are no reports

about the conversion of acini cells to islet cells.



23

CHAPTER 3

CYCLIC HISTOLOGICAL AND HISTOCHEMICAL CHANGES IN THE
PANCREAS IN REIATION TO BIOOD GLUCOSE IEVEIS
IN THE MIGRATORY STARLING, STURNUS ROSEUS (LINNAEUS)

Histophysiological studies on avian pancreas have been
very few in comparison with those on the mammalian. Nagelschmidt
(1939), Bargmann (1939) and Miller (1942) in their studies on the
histology of the avian pancreas‘observea the dark and light islets
consisting of alpha and beta cells respectively. Van Campenhout
and Cornelis (1954) grouped birds un§er two categories depending

" on the nature of the 1slets they possess.

The distribution of the alpha ahd beta islets in chickens
6: varios ages, has been studied by Oakberg (1949) and found that
the number of alpha cells remains fairly constant upto three hun&red
days but the beta cells increase. Epple (1961) has studied the
pancreas of the black bird in different seasons and foﬁnd variations
in the different types of cells ig the post hnptial and moultingx
periods and in Spring and Winter.

In mammals the production of nevw alpha and beta cells‘
by the conversion of acini cells o from the duct cells has been

described by several authors (Hughes, 19473 Johnson, 1950; House, 1958)

In birds, except for a few references on the conversion
of duct cells into islet cells (Epple, 1961), there are no reports

about the‘conversion of acini cells to islet cells.
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Seasonal variations in the blood glucose level in |
different species of animals have been studied (Iee, 1936&, 193éb;
Smith, 12503 Herandez and Coﬁlson, 1951; Dessauer, 1952)., Miller |
and Wurster (1959) reviewed the earlier literature on the seasonall
varigtions in the blood glucose level and the morpholégy and the
physiology of the pancreatic islets in different animals.

The role of insulin which is produced by the beta cells
of the islets in maintaining the élucose level of blood is well known.
In migratory birds there are several metabolic changes taking plaéé
in the body dgring the pre-migratory, migratory and post-migratory’
' phases. One of the important changes occurring 1ls the storage of |
fat in lsrge amounts during the pre-migratory phase. In the process
of diverting carbohydrates for fat production and storage, insulin _
should play a significant role. ;t was therefore thought desirable
to study the seasonal changes inlthe islets of the pancress in
relation to the changes in the glucose levels in the blood of the

migratory starling, Sturnus roseus.
Material and Methods

These starlings arrive in Baroda (India) about the month
of Seﬁtember and leave towards the end of April. Birds of both sexes
were collected every month from October to Lpril by shooting them -
with an air rifle, the pancress was\qﬁickly reﬁoved,cut into small
pieées and fixed in Bouin, Zenker formol, Helly's and neutral formol
for 24 hours. Paraffin blccke were prepared and & to 7‘p thick sections
were cut and stained with Gomori's (1941) Chrome-alum haemstoxylin
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for pancreas as described by Gray (1954), Heidenhain azan(Gurr, 1966)
mefhyl green pyronin Y for RNA by Kurnick (1955a) as described by
Pearse(1960).

For the estimation of blood glucose the blrds were trapped
by means of Japanese mist nets at 4 90' clock in the morning and blood
samples were immediately taken. Blocod glucose content was determiried

ek aly
by the copper iodometric method of Somogyi, (1945).

~

Obsefvations

- In the Rosy Pastor also three types of cells were seen
in the islets of langerhans as was observed by Miller (1942) in '
pigeons. The alpha, beta and ae<itacells were found to be mixed up'
iﬁ the islets and not sepaﬁated out into distinct islets for certain
types of cells containing either alpha and delta cells or beta and"
‘delta cells together és in the pigeon.ﬁ%The beta cells were generally
the largest cells and p;epondering over all the other cell types.
The cytoplasmie granules of these cells were small and stained
yellow with Heidenhein azan and blue with Gomori's chrome-alum |
haematoxylin stain, The nuclel of these cells were sphericsl with'
little chromatin and.haéing only onq!nucleolus (Fig.‘l). The alpha
cells were fewer than the beta cells and also smaller in size ‘
having an oval or round nucleus withlgenerally two prominent nucleéli
or rarely one(ﬁig. 1). The cytoplasmic granules were stained deep
red with Heidenhain's azan as well as Gomori's chrome-alum haematoxylin.
The delta cells were very fevw in number and smallest in size having
different shapes but generdlly more elongated. The cytoplasmic |
granules stain deep blue with Heidenhain's azen and pink with
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Photomicrograph of T.S. of pancreas of Rosy Pastor showing
the acini and the islet cells (alpha, beta and delta),

stained with Heidenhain azan.
Photomicrograph showing the formation of new islets on the

" wall of the blood vessel. (Methyl green pyronin Y )

Fig. 3 50M Fig. 4

Photomicrograph showing the formation of new islets on the
pancreatic duct. (Mpthyl green pyronin Y )

Acini cells converted into islet cells. (Methyl green
pyronin Y )
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chromelelgmgﬁeémetekylig."lbe nuclei were small and dense.

The big 1slets were found generally:cn the anterior S
end cf.the pancreas., The bets cells were scattered throughout
islets buﬁtthe alpha cells were restxicte& mostly on the posterior
ends of the pancrees. There was very little mitotic activity in these
islet cells. In most cases the new islets were observed on the
peripheral region of the blood vessel (Fig. 2).. The epithelial
cells on the wdll of the - bloed vessel gave rise to these islet cells.
These newly transformed islet cells may be either alpha or beta
cells, The wall of the longitudinally or‘obliquely cuf blood vessel
showed the formation of these new 1elets very clearly. In few cases
it was also found that the epithelidl cells of the pancrestic duct
gave rise to islet cells just like those of the blood vessel (Fig. 3).
In many cases it wes observed that the acini cells were transformed

1nto islet cells. This production of islet- celle from acini cells

in’ Ecsy Pastor formed the mein type of 611 eonvérsion. ' When the B
acini cells were converted to islet cells, in the beginning they
shrink and cecome smaller in size with considereble reduction in
the number of zymogen grenules. The staining for ENA confirmed
the conversion of the acini cells to Islet cells. The amount of

RNA decreased considerably when the acini cells were converted

with the degranulation of zymogen granules. The successive stages
in the reduction in the intensity of stzining for ENA could be
studied only with the methyl green pyronin Y stzin. The newly

forming islets contain about 6 to 6 cells in one group and gave
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exactly the appesrance of the‘round acini group of cells hsving

a central empty space (Figs. 4 & 5). Later the islets arranged
themselves so that more and more new cells were accommodated within
the space resulting in the complete disappeerance of the central
lumen./ In most cases when the islet was freshly formed from 35
acini group the lumen was probably occupied with blood cells.

When three or four acini groups were converted to individual islets
they ultimately united to form a single islet. In such islets

scome times the‘blood capillagies which remained in between the
acinl groups took up a bosit%on at the centre of the newly formed
large islet. Those acini ceils were converted either into alpha
or beta cells, In most cases it was found that the delta cells

were also present at the peripheral region of the islet.
@yclic changes:

_ On the besis of the activity of the islet cells as
assessed from the increase in tgeir numbers and in the formation of
the secretory substances under investigation it wes possible to
distinguish four phases in the pancreas of the Rosy Pastor during
the period October to April. |

(1). October |

Period of moderate activity.
" " high activity.
" " Jow activity.

(2). November to mid-December .
(3). Mid-December to ffid-March

(4). Mid-Mareh to late April
: (t111 migration)

(1]

n " high activity.

During the first phase the newly formed small islets
were numerous whereas the big islets were very few. The acini cells
" were moderately active and contained a2 good amount of ENA. The islets

contained most of the beta cells and only few alpha cells.



Fig. 5 SoxX Fig. 6 F1-QoA

Fig. 5. Photomicrograph of the islets newly formed from acini cells.
(Stained with methyl green pyronin Y).

Fig. 6. The degeneration of the islets ( December) showing in some
places invasion of the islets by the acini cells.

Fig. 7 I Fig. 8

Fig. 7. The hypertrophy of acini cells towards the migratory phase.
(Methyl green pyronin Y stain)

Fig. 8. Disintegration of acini cells just 3-4 days prior to migration.
(Methyl green pyronin Y)
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In the second phase most of the islets were very large
and the few others very small (Fig. 6). »Thei@orméﬁnhad‘aﬁaigrégﬁiééiz
outline and did not have the typical round shepe. In several ‘
cases the acini cells were found invading the islet tissue (Fig. 6).
Towards the end of the second phase the islet cells were found to

be degenerating and most of the nuclei of these cells beceame pycnotic.

The first part of the third phase which marked the
advent of winter may be considered as the most inactiveiphése.’viilﬁ
the large islets were completely degenerated leaving a few small -
ones, By the end of March Whith isralso the end of the third phase

regenerative activity in several new islets was observed.

The last or the fourth phase was again marked by increased
activity in the islets rapidly forming numerous new 1slets so as
to preseﬁf a state of hybertrophy. As for the acini cells in the[
beginning of tbe phase they were very active but towards the end,
a few days prior to m;gration almost all the acini cells were
found losing their content of RNA and zymogen granules. Most cells

were vacuolated and completely inactive (Figs. 7 & 8).

Three or four days prior to migration the stemach and

' the intestine were found empty without any food material.

The blood gluccse values in the KRosy Pastor are presented
in Table I. The highest value 360.84 mg./100 ml of blood was
obtained in the month of February. The lowést value 212,17 mg./100 ml
of blood was obtained in the last week of April a few days prior

to migration.
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Microphotographs of T.S. of alloxan treated pigeon; pancreas
stained with Heidenhain azan.

Fig. 9

Fig. 9. The newly formed islets seen on the wall of the blood
vessel(extreme left) and the pancreatic duct(extreme right)

and a riewly formed islet derived from the acini cells
(in between).

5*%0 JUuL
g Fig. 10

Fig. 10. Fully formed normal islet after the sixth injection of
alloxan.
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Table I

Showing the changes in the glucose contént of the bléod
of Rosy Pastor during the period February to April.

Number of birds ~§{ . Months, '~ Glucose content, mg/100ml of
studied R S blood
B February 360.84 % 7.05

(first week)

9 coo . Bprid . . 286,79 + 9.92
o (First week) .

10 “April / 212,17 + 13.92
(last week) A

i
i

For comparison the following observétiens were made on

-

pigeons. V!

1. Effect ‘of allexan treatment in pigeons:

The ﬁigeons were’ given a daliy 1ntraveneous injection of
alloxan (120 mg for 1000 gm body weight, dissolved in 3 ml of |
distilled water). The pancreas was then studjed histologicaliy.

After the third injection the beta cells of the islets were found

to be degranulated but tbre was nd complete destruction of the cells. )
After the fourth T . flfth innection, there was an increase of new |
small islets- containing beta cells: (Flgs. 9& 10). These new cells

were the result of the acini cells being converted into beta cells

as was observed normaliy in the pancreas of the Rosy Pastor. Similarly

some islets were derived from the walls of the blood capillaries as

well as from that of the pancreatié duct. After the sixth injection -

\
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Pancreas of cobalt chloride treated pigeon(heidenhain azan)stained).

Fig. 11. Photomicrograph shoving the region of dead alpha cells

in the islets nfar the blood vessel and numerous degranulated
new alpha cells.

Fig. 12 300M + SOM Fig. 13

Fig. 12. Photomicrograph showing several newly formed islets of
alpha cells.

Fig. 13. Region of one islet magnified.
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onwards there was not much y&@ceptible_change in the islet cells.,

2, Effect of cobalt chloride treatment in pigeons-

The pigeons were déif& given an intravenous injectlon
of cobalt chloride (30 mg in 1000 gm body weight dissolved in
2 ml of distilled water). |

With two or three injections many alpha cells were
completely destroyeé and many cells appeared degranulated and
vacuolated (Fig. 119 After the fiTth injection numerous new
islets were formed and were increasing in size (Figs. 12 & 13).
These isiets were formed through the conversion of acini cells
into g;pha cells. In some cases these new alpha islets got trans-

formed from the epithelial cells of the walls of the blocd capillariss

and pancreatic ducts,

Discussion

§.; ' f In comparison to other species of blrds studied (Milier,
19423 Oakberg, 1949) the islets in the Rosy Pastor, were small

and few 1in number, The conversion of acini cells into islet cells

has been shown in most mammals (Hughes, 1947; Johnson, 1950;

House, 1958), but has hot heen reported in birds. In the Rosy
Pastor howeven, many acini cells vere eonverted 1nto 1slet eells
and by studying the RNA content histochemically 1t ‘was p0351b1e

to observe the varlous successive stages in the conversion of

these cells, Io was also observed that in many cases the epithelial
- cells of bleod vessels gave rise to the islet cells, -This has also

been observed in the Rosy Pastor. In certain cases however, it
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was observed, as was seen in memmals (House, 1958) and a bird 5
!
(Epple, 1961), that the epithelial cells of the pancreatic duct also §
!

gave rise to islet cells.,

In the first phase a élow inerease of new islet cells
from the acini cells as well as from the other sourses as mentioned
above, was seen. This process was further accelerated in the second
phase., Meanwhlile the slight hyperphagia that developed continued
giving rise to greater food intake resulting in the accumulation of
fat in the body (Chapter.l). In this context it should also be
mentioned that the thyroid activity is lowered in November thus
promoting the accumulation of fat (Chapter, 1). Miller (1942)
demonstrated that thQ\ESfE,EEE}EMEEEEQ_pe stimulated by over feeding {
normal pigeons. Starvation is known to decrease the number of beta
cells and forcéd feeding to increase it (Sturkie, 1954). In the Rosy
Pastor .also during the seccond phase as well as towards the migratory
phase (March and April) the accumulation of fat could be regarded
as a result of over feeding and the stimulation of beta cells.
It 1s therefore possible that'the increase in isletw cells brought
about inecreased production of insﬁlin in these phases as a result ol ;

i

which more and more glucose was converted to fat and stored in the ﬁ;

gt S A M = .
[

fat depots. According to Houssay (1959) insulin increases the St

i

uptake of glucose by cells resulting in'the conversion of excess i

i
!,
‘ \
l
{

glucose to fat, protein of glycogen. Excess -of insulin is known to

inerease fat synthesis and its deﬁtéciency to reduce thﬁkapgcity

oA Ko Iy S
A oo A ST

=

for fatty acld synthesis. Thus 1nsulin acts as an anabollc hormone

¢

‘producing materials for storagé and for growth (Houssay, 19593 £
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Menon, 1961). With regard to the glucose level in blood, there
wag a distinet decrease from behuary to the end of April. This
reduction in glucose indicatds a possible increase in insulin

or decrease in glycogen or both. The histological observations

|
i
-support the possibility that at least insulin production was f;

incieased towards migration.

Degranulation in the islet cells during the winter
mon#hs was observed in the European black bird by Epple (1961).
The decreased activity of the islet cells in this species might
have been caused by the low food intake in winter. In order to
meet the special energy requirements of the bird during the winter

months, the winter fat store should prove handy.

The observations made on alloxan and cobalt treated
pigeons have shown that the newly formed beta and alpha cells
respe;tively,are derived from the acini cells, the cells of the
pancreatic ducts as well as from fhose of the blood capillaries,
These findings also support the conclugion that the production of
new islet cells from those precursor cells mentioned abové takes

place normally in the Rosy Pastor durifig the pre-migratory phase.
Summary

1. Histological changes in the pancreas in relation to
blood glucose level in the migratdry starling, Sturnus roseus
was studied during the period October to April.

2.4 From the' changes observed in the isléts of langerhans,
four distinct phases in the activity of the pancreas could be

visualized.
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3. The increase in number of islet cells was méinly through

the conversion of acini cells into islet cells. Production of

-islet cells were also from the cells of the epithelial lining of

blood vessels and pancreatic ducts. These observations were confined
in the pancreas of alloxan and cobalt treated pigeons.

45 The increased fat a¢cumulation in the body towards

w;nter as well as migration is attriputed to the increased activity

of the islet cells during the periods November to mid;December .
and later mid-March go April end.

- 5. The lower blood glucose level towards migration is also

' attributed to the 1ﬁcrease of insulin.

é. In view of the observations that the acini cells undergo o

1

L

;

- degeneration a few days prior to migration and that at the same \>

e

time the alimentary tract of these birds contains no food, it is
suggested that there 1s a loss of aﬁétite during this period.



