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Diabetes and avian resistance

Bandana Guha and Asok Ghosh

Department of Zoology, University of Calcutta, 35, Ballygunge Circular Road, Calcutta 700 019, India

In comparison to other vertebrates, the birds are more
resistant towards experimental manipulations which
cause onset of diabetes mellitus, In contrast to mammals
spontaneous diabetes has been reported In some
parakeets only. Ian this paper we discuss various plausible
factors behind this refractoriness. Significance of glucagon/
insulin ratio, high avian sematostatin and avian poly-
peptide values in preventing diabetes have been emphasized.

Tne advent of comparative approach to endocrine
problems has sharpened the focus of many investigators
on the usefulness of projecting the bird into the fore-
front of diabetes mellitus-related studies. Diabetes
mellitus is a2 metabohic disorder charactenzed by clinical
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symptoms resulting from real or apparent insuflicient
pancreatic secretion of insulin or overabundance of
some insulin-inhibiting factors.

Spontaneous diabetes mellitus

In addition to the prevalence of spontaneous diabetes
in humans, it has also been observed in domestic and
captive animals like horse, cattle, pig, shecep, dog, cat
and monkey'. Among aves, spontaneous diabetes
mellitus as 4 clinical entity to our knowledge has only
been reported in some parakeets (Melopsittacus undu-
{atus)*. The parakeets showed polydipsia, polyurea,
weight loss, high-urine glucose and elevated vdlood
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glucose level ranging from 720 mg/100 ml to 945 mg/
100 ml (nonfasted normal values 210/100 mi to 520 mg/
100 ml). Most cases could be regulated by single doses
of NPH insulin. When insulin was withheld, hypergly-
caemia and other clinical symptoms reappeared. Histo-
pathalogical tnvestigations show hepatic fibrosis and
lipidosis.

Experimental diabetes mellitus

Pancreatectomy

The research activities of previous decades have
established that a number of experimental manipulations
can successfully cause the onset of diabetes in most
vertebrates. Among these, surgical extirpations of the
pancreas have been observed to bring about, hypogly-
caemia, endocrine pancreatic dysfunction and distur-
bances in carbohydrate utilization which result in
diabetes,

The intensity of the diabetic state in vertebrates after
Pancreas removal 1s, however, quite variable, The
herbivorous animals appear to tolerate pancreatectomy
better than carnivores. Students of carbohydrate
metabolism have been intrigued for over 90 years by
the apparent differences existing between birds and
mammals in response to surgical ablation of discrete
pancreas™* Most birds (except some carnivorous
species) did not exhibit the typical diabetic symptoms
after total pancreatectomies®®. This premise has,
however, been questioned by the more recent investiga-
tions of Mialhe”™® in dycks, Sitbon'® Karman and
Mialhe'* in goose and Mikami and Kazuyuki'? in
chicken.

Sitbon et al.® reported the occurrence of permanent
diabetes in granivorous as well as carnivorous birds.
They were of the opinion that the so-called total pan-
Createctomies, as reported by carlier workers, were not
complete and the existence of the smaller splenic lobe
and 1ts role was not appreciated then.

In birds, incidentally, only a few reports are available
on the pancreatectomy-induced changes in the beta
cells of islets of langerhans. In recorded cases of
permanently depancreatized diabetic ducks, the light
microscopic observations indicate the presence of
vacuolated beta cells among normal alpha celis®.
Smith'? in his ultrastructural study observed that
remaval of the ventral lobe of the pancreas resulted in
time-dependent alterations in the beta cell granules of
the nlets of Langerhans of Japanese guails, In an
interesting study Cislak and Hazclwood'® found that,
in chickens, surgical removal of splenic fobe of the
pancreas resulted in almost immediate enlargement of
splenic remnant. This surprisingly resulted in a insulin/-
glucagon molar ratio which was approximately one-half
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of the normal value of chicken. The altered insulin/-
glucagon proportion adequately prevented permanent
diabetes in chicken.

Cytotoxic agents

It 15 well known that injection of alloxan, an uride of
mesoxalic acid, into varnious vertebrates produces
diabetes by selectively destroying the beta cells of the
islets of Langerhans!s 18,

Significantly, as in the case of pancreatectomies in
birds, alloxan did not produce diabetes in owls, pigeons
and chickens'®, and ducks?®. In some species only
temporary elevation of blood glucose was observed but
the beta cells remained unaltered?!,

In this laboratory, Guha*? also failed to obtain
evidences of diabetes after alloxan administration in
four species of Indian birds, viz. black munia, crow,
kinghsher and parakeets. However in coturnix quail, a
distinct hypoglycaemia was observed which was not
accompanied by degenerative changes in the beta cells
of the islets of Langerhans. Alloxan, at doses several
times higher than that is diabetogenic in mammals, did
not alter basal- or glucose-stimulated plasma insulin
levels in chicken, neither was glucose tolerance
impaired®?. Danby et al.?* also confirmed the ineffect-
uality of alloxan in inducing diabetic symptoms in most
species of birds.

Streptozotocin, a highly specific diabetogen, has also
been used to selectively destroy the beta cells in a
variety of mammals?3 =27, In contrast to what has been
reported in mammals, streptozotocin when injected into
chickens is ineffective in producing the acute symptoms
of diabetes mellitus?®. In the same species Stetlenwerf
and Hazelwood?? noted that even though induced
insulin  secretion  was markedly reduced, diabetes
mellitus did not occur. However, streptozotocin-treated
depancreatized chickens exhibited a glucose-induced
tnsulin secretion and impaired remaval of the injected
glucose load. Unlike alloxan-treated chickens, pancreatic
tissue immunoreactive insulin concentration was generally
reduced with streptozotocin injection.

The diabetogenic action of streptozotocin was also
tested on three Indian bird species, viz. PIgeOn, Crow
and parakeet in our laboratory. Pigcon did not show
any glycaemic disturbance. Marked hyperglycaemia
was observed only in crow, while in parakeet the
glucose upheaval was only transicnt. These changes
were not accompanicd dy any discermble alterations in
the beta celis?®,

Chronic treatment of lzirgf: doses of ascorbie acid or
s oxidation product, dehydroascorbic acid. produces
hyperglycaemia and occasionally death in fats and
guined  pigs®” 72 Dehydroascorhic acid has  been
suggested to the original compound inducing diabetes
by acting as an alloxan-tike agent®?,
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However, ng true diabetic syhderome could be
achieved by both acute and repeated treatment of
ascorbic and dehydroascorbic in birds like common
myna, parakeet and owl {Ghosh, unpublished data).
Earlier studies’® have indicated that in domestic fowls,
ascorbic acid allects in vitro both insulin and avian
pancreatic polypeptide (APP) secretions. Chronic treat-
ment of ascorbic acid also resulted in release of insulin
secretion after intravenous glucose injection.

The above review reveals that in birds unlike
mammals and other vertebrates, true insulin-deficiency
syndrome is not observed and the pancreatectomy
technique is partially successful in bringing about
diabetic symptoms in certain restricted birds species
only. The occasionally appearing endocrine dysfuncticns
are not totally comparable to spontaneous diabetes
mellitus of mammals. Moreover the avian endocrine
pancreatic beta cells are not vuinerable to the action of
Cytotoxic agents. Yarious theories have been advanced
to explain this unique refractoriness of the birds.

Refractoriness of avian B-cells

It is well known that in various species glutathione has
a significant role in protecting most cells against
alloxan’®. The pancreatic glutathione level of birds is
significantly higher than that of mammals®>. However,
recent endeavour in our laboratory, in ascertaining
whether the high normal glutathione values of birds act
as deterrent to experimental diabetogenesis, proved to
be negative. It was observed that owls which have high
glutathione level, compared to pigeons, are rather more
prone to developing hyperglycaemia after ascorbic acid
administration (Ghosh, unpublished data). Commenting
on this subject, Stellenwerf and Hazelwood?? opinied
that the efficacy of alloxan in inducing diabetes in
mammals is re¢lated 10 blood glucose concentration
existerit at the time of injection, since D-glucose
injection into rat afforded full protection against the
diabetogenic eflect of subsequent alloxan injections®>”,
According to Carter and Younathan®® and Watkins
and Cooperstein®?, the inability of alloxan to disturb
carbohydrate metabolism in fow] may be due, in part,
1o normal *elevated’ blood glucose levels. Normal blood
glucose levels in adult chickens range from 200 to
250 mg/dl, compared to 80-110 mg/dl in most mammals.
Alternatively, they also suggested that the metabolic
fate of alloxan in chicken may differ from that of rat.
However, since the half-life of alloxan is 0.9 min in vitro
and probably less in vivo, it appears unlikely that
metabolic degradation of this pyrimidine-related com-
pound account for the observed species difference in
diabetogenecity*®.

Birds have undergone an adaptive radiation that in
recent geological times has been revealed by no other
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vertebrates except the teleosts®®. The coordination of
pancreatic endocrine secretions in aves is necessary to
meet the varying demands on the organism by activities
as diverse as prolonged starvation, prevernal hyperpha-
gia and migratory flight of thousands of miles. The
appropriate mixture of insulin, glucagon, somatostatin
and even APP is necessary for the bird to adjust to its
nutrient availability disposal®e,

Glucagon/insulin ratio and somatestatin

Significantly, the quantitative and qualitative study of
hormones hke insulin, glucagon, somatostatin and APP
reveals some remarkable avian characteristics, Sitbon et
al.'? indicated that plasma glucagon/insulin ratio may
be one of the critical factors in maintaining a normal
plasma glucosg level in birds. They also commented
that though the relationship of diabetes mellitus to
somatostatin is not ciear, the importance of somato-
statin In avian glucose regulation cannot be totally
ignored. Recent studies have provided evidence, indicat-
ing that somatostatin may be very important in regu-
lating the nsulin/glucagon molar ratio appropriate for
metabolic condition present at any given time. Such
tuning of the endocrine pancreas by somatostatin
would allow the appropriate hormone mixture to be
released against any metabolic even to bring about
carbohydrate homoeostasis®®, This observation merits
consideration as Strosser er al*! also found that,
somatostatin analogues, In addition to growth hormone
release, have significant role in the pancreatic function
in immature ducks (Anas platyrhynchos). Honey et al.*?2
also observed that, somatostatin continuously inhibits
alpha- and beta-cell output and glucose suppression of
glucagon release 1s partially dependent upon local
somatostatin secretion.

The avian delta cells

Interestingly the avian endqQcrine pancreas is known to
contain large number of delta cells** 44, and somato-
statin is known to be contained in the pancreatic delta
cells*®. Further, the chicken pancreas has been reported
to contain the highest concentration of somatostatin of
all vertebrates thus far examined, being at least 13-2i
times more than that in human pancreas. In pigeon,
where pancreatic somatostatin was first characterized,
pancreatic levels of the hormone approach 183 times
that in the human pancreas*®*?,

In an ecarlier review Epple! reported that in
expertmentally diabetic rats and guinea pigs, there
occurs a relative or even absolute increase of the delta
cells*®, Hellman and Petersson*? and Kobayashi et al.>®
questioned whether the enlarged number of delta cells
in human diabetes mellitus indicates reaction to
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Table 1. Glycaemic effects of ascorbic acid {AA), dehydroascorbic acid (IDHAA), streptozotocia and alloxan on some common birds

s

w‘_

i’

Bird Beta cytotoxin used

i i

B:I> cel} ratio
of the species

(modified from Guha ang

Acridotheres tristis AA and DHAA
Common myna

Order, Passeriformes

Family, Sturnidae

Fsittacula krameri
Parakeet

Streptozotocin, AA and
DHAA

Coturnix coturnix Alloxan

Quail
Order, Galliformes
Family, Phasianidae

Corvus splendens Alloxan and streptozotocin

Crow
Order, Passeriformes
Family, Corvidae

Lonchura malacca
Black munia

Order, Passeriformes
Yamily, Ploceidae

Alloxan

Halcyon smyrnensis Alloxan
Kingfisher
Order, Coraciformes

Family, Alcedinidae

Columba livia

Pigeon

Order, Cofumbitormes
Family, Columbidae

Streptozotocin

Resuits Ghosh4?)
Slight hypergiycaemia with AA and DHAA I:1
{Ghosh, unpublished)
Only transitory hyperglycaemia after 1:3
Streptozotocin (Sinha Hikim et al.2®)
No significant change with other agents
(Ghosh, unpublished)
Significant hypoglycaemia (Guha??) 1:1
No change after alloxan (Guha??) 1:1
Marked hyperglycaemia afier streptozotocin
No change (Guha??} 2:3
Na change (Guha??) 2:3
No change {Sinha Hikim ez al.?9) 1:3

diabetic disorders rather than a primary cause. They
speculated that such a reaction could compensate the
effect of insulin deficiency in two ways (i) by secretion of
a protective hormone, e.g. substance preventing fatty
liver and (1) by transformation of delta cells into beta
cells.

The finding of the potent inhibitory effect of somato-
statitn upon alpha and beta cells has led to the
hypothesis that delta cells modulate insulin  and
glucagon release through paracrine secretions®!:52,

Hence, taking all the above into consideration, it may
be rather exciting to speculate that, in birds, the large
number of delta cells (see Table 1) in some way actively
help in preventing beta cell destruction, leading to
expenimental  diabetogenesis. Interestingly, Table |
indicates that birds which are, at least to minor extent,
susceptible to the effects of beta cytotoxic agents have
rather low beta: dejta ratios.

The role of APP

The dual role of APP as a gastric secretagogue and
metabolic regulator in Lhe enteric-pancreatic axis,
indicate that it has a profound role in absorption,
metabolism and disposition of food stufl, Since the birg

CURRENT SCIENCE, VOL. 62, NO. 8, 25 APRIL 1992

is endowed with high pancreatic and plasma polypeptide
concentration®?, the avian polypeptide as a factor in
avian diabetogenic refractoriness cannot be ruled out,
Moreover, In genetically obese mice, an intriguing study
which needs further confirmation revealed that hyper-
glycaemia and diabetic-type glucose intolerance can be
ameliorated when the animals are daily injected with
avian polypeptide or bovine polypeptide for a month,
or receive a graft of alloxan djabetic mice pancreatic
tissue®*4,

To conclude, certain critical factors like glucagon/in-
sulin ratio, high somatostatin and avian polypeptide
values may play significant roles in preventing
diabetogenesis in birds. However, a possibility that also
cannot be totally ignored is that, due to some special
fine structural and biochemical cell membrane characters,
the avian beta cells are successful in neutralizing/repuls-
Ing the physiological and chemical chalienges which
cause experimental diabetes mellitus. Such a feasibility
thus offers immense scope for experimental work in the
future.
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Speed-up factors for simulation of
neural networks on a parallel computer

<. Athathan

ANURAG {Advanced Numencal Research and Analysis Group),
P. 0. Kanchanbagh, Hyderabad $00 258, India

The Hopflield model of neural networks is one of the best-
studied neural-petwork models, from both theoretical and
experimental angles! 73, Simulation of the Hopfield
model in its discrete version, though not strictly a
supercomputer job, requires fast computers, especially
when one wants to study a model ol large size. High
computing speeds are alse necessary when one wants to
study the efficacy of any newly proposed learming
prescription in an exhaustive manner, Since parallel
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computing has proved to be a cost-effective means of
achieving higher speeds, there is a case for trying it in the
area of simulation of neural networks. ANURAG is in
the process of building a 128-node message-passing type
of parallel computer., A prototype coasisting of eight
nodal processors, called PACE-8, has been described
earlier*. Here I report simulation of the discrete Hopfield
model on this prototype, and compare the speed-up in
computation achieved owing to paralielization with the
theoretical speed-up for various sizes of neural network.

In any simulation of neural-network models there are
two distinct phases to be dealt with, namely the
learning phase and the recall phase. In this paper 1
report primarily the results of parallel simulation of the
recall phase of the Hopfield model. Throughout the
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