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DRUGS AND SUPPLIERS

i) Adrenaline. Front Boots Drug Stores; BDK.

Artosin. ampoules (20 ml. ampoules x 5, each containing

50 rag/al tolbutamide as the sodium salt in aqueous

solution). Kindly supplied free by Riker Laboratories,

England.

iii) Alloxan, NH.CO.NH.CO.CO.CO.Ho0. From BDH.

iv) Chlorpropamide. 250 mg. x 5 tablets. Kindly made

available by the Dundee Royal Infirmary, Ward 5«

v) Glucagon (crystalline) HC1. From Eli Lilly & Company,

Indianapolis, U.S.A. (Contains l4o mg. lactose).

XE 9873, ALX, Ampoule No. 668.

vi) Glucose Oxidase Biochemica Test Combination. From

Boehringer Corporation, C.F. BOEHRIivFGER & SOEKNE, GmbH,

Mannheim, Germany. Local suppliers: Courtin & Warner

Ltd., Lewes, Sussex,

vii) D( + ) Glucose (Dextrose) . . Anhydrous.

From EDH.

viii) Glucose (Uniformly labelled radio-active).

0.05 ac D-Gluccse-Cl4(U); Batch No.126. From the

Radioactive Centre, Amersham, Buckinghamshire, England.

United. Kingdom Atomic Energy Authority.

Specific activity: 3*9 rac/mM or 21,6 uc/mg; M.Wt.:

180.
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ix)

x)

xi)

xii)

xiii )

xiv)

XV )

Glycogen (Rabbit Liver). ' From BDH.

Heparin. From Boots Drug Stores.

Human Blood Albumin. 0.5 g. of 5x crvst, ; P.H. 51;

Batch 3667. By courtesy of B.G. Woodcock, M.S.,

Queen's College, Dept. of Pharmacology & Therapeutics.

Insulin. ^t0 IU/tnl ampoules. From Boots Drug Stores.

MS 222-Sandoz ( = Tricaine rre thanesulphonate) .

General anaesthetic. From Sandoz Ltd., Basle,

Switzerland.

STH. (Porcine growth hormone). Potency: 1.01 U/cag.

Batch No. k/Gk. Supplied by Ferring of Sweden.

Tolbutamide. 10 g. By kind offer from Richer Labs.

Morley Street, Loughbororough, Leicestershire. Also

0.5 g* x 5 tablets (R stinon) given free fr^om the

D.R.I., Ward 5 — a Foechst product.

xvi) Uranyl acetate (ANALaR). UC„(CH„.COO)„.2Hrt0. From SDK
1 "

M
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Xenopus laevis
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ANIMALS

I) Xenopus laevis; All females. Originally imported

from South Africa. The precise age of the batch of these

animals is unknown but they are believed to before than

three years old. The toads were obtained from the Dept. of

Obstetrics and Gynaecology, Pregnancy Diagnosis Laboratory,

Usher Institute, Edinburgh University, Scotland.

KEEPING OF XENOPUS LflSVIS

The toads were kept together in & white tank

acuarium in a constant temperature room at 25°C (77°F) with

lights on at all times, and fed with pieces of meat from the

butchers once a week.

Animals undergoing special treatment or observation

were kept in separate labelled tanks. Identification of

each anitftnl individually was made possible by code - numbering

the tanks and by making snips in various parts and sides of

the webs of the hindlimbs.
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GENERAL INTRODUCTION

Within the last few years ifchere has been a steady

increase in the u.se of non-mammalian experimental animals

in carbohydrate metabolism studies and in diabetes research.

This new interest is due mainly to the *f«ct that results

obtained from clinical and Pathological studies in man

as well as those from investigations on the conventional

laboratory mammals have so far failed to elucidate completely

the aetiology and pathogenesis of the disease. In this trend

both warm and cold-blooded vertebrates have been used.

Recent investigations in non-mammalian animals incbude,

to cite a few instances, the following :-

Birds (Beesman, 1956; Runge et. al., 1956; Ferner et.

al., 1957; Miahle, 1956; Mirsky 1 Gitelson, 1958; Groth,

1963) •

Lizards (Miller & Wurster, 1956, 1958, 1959; Miller,

I960).

Snakes (Prado 19^7; Rhaney, 19^8; Houssay & Fenhos

Correa et. al., i960,

Turtles (Foglia et. al., 1955; Lopes, 1955; Rapatz and

Musacchia, 1957; Correa et. al., i960),

Frogs (Sei den, 19^5; Barrington, 1951; Wurster & Miller,

I960; <-aLso Frye, 1959; Houssay, 1959; Wright, 1959;

Guardabassi & Bieler, 1963; Epple, 1965,
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Bony Fishes (Doerr, 3950; Nace, 1955; Davidson, 195$;

Falksner, 1961) and

Lampreys (Falkmer, 1962; Schirner, 1963a, b; Falkmer

and Winbladh, 1964).

The amphibia being docile, sturdy and easily available

animals have been extremely frequently used as "representative"

vertebrates for the study of a wide variety of aspects of

physiology. In metabolic studies it is hoped that in

poikilotherraic vertebrates the lower rate of metabolism

permits more detailed analysis of processes to be made

as these processes are usually very rapid in the warm¬

blooded vertebrates.

Analysis of the endocrine role of carbohydrate neta^

holism in the amphibia began with pancreatectomy experiments

performed soon after the illuminating work of von Mering and

Minkowski (1890) by Karcuse (1894) and Loewit (1910).

They showed that in Rana. temporaria pancreatectomy

led to the development of diabetes mellitus with polyuria,

glycosuria and decrease in liver and muscle glycogen.

Houssay & Biasotti (1931> b, c) made one of their

earlier major contributions in 3ufo arenarum and

conclusively established, that the hyperglycaemia. glycosuria,

acidosis and other diabetic symptoms which follow excision

of the pancreas in the toad, do not develop or develop only

to a very mild degree if the animal has previously been
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hypophysectoraised. Anterior pituitary extracts or implants

aggravated the diabetes. The "diabetogenic factor" of the

pars distnlis does net appear to be species specific since

pituitaries from ether amphibian species, or from fish,

reptiles, birds and mammals are active in 3ufo arenarum (Houssay

1959)• Removal of tho liver was shown earlier to be

"protective" in the depancreatijied ^amphibian. That is, the

intact liver is responsible fox" the full development of the

disease symptoms (Wagner and Allen, 1929), since it is the

chief source of carbohydrate for the observed hyperglycaemia

and glycosuria. The relationship between pancreas and the

liver is such that in the hepstectomised amphibian the only

way to raise blood sugar level and increase survival time is

by pancreatectomy.

The pancreatic islets in many amphibian species have

been studied bxit there appears to be little conformity cr

uniformity in the description of the islet cell types in

different amphibians studied. Taricha torosa has a

single cell type (Miller, 1953 ) ♦ Triton cristatus has one be®
also

and^a transitional cell type, (Fischer, 1912; Kolosow, 1927),
Bufo arenarum has two cell types (De Robertis and

Primaveris, 1939) and as many gs five cell types have been

reported for Re.na temnoraria (Saguchi, 1921).

Very little work has been done on blood sugar regulation
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TABLE I

NUMBERS OF PANCREATIC ENDOCRINE CELL TYPES

One
One and

Trans itional
Two Five

Taricha (Tri- Triton

turus torosa cristatus

(Miller,1953 (Fischer,1912)

(Kolossow,1927)

Rana teniporaria

(Barrington,
1951)

Rana fusea

(Fischer, 1912)

Triton

cristatus

Rana tenaporaria

( Sr.guchi , 1921)
(Diamar e , 1899 )

Rana clamitans

Rana catesbeiana

Rana sylvatica

Hyla versicolor

(Janes, 1938)

Rana pioiens

(Seidon, 19^5)

Rana catesbeiana

(Wright, 1959)

Bufo viridis

(Diamare, 1899)

Bufo arenarian

(De Robertis &

Primavesi, 1939)



- 15 -

Xenopus (Slome, 1935) end there appears to be no

previous records of studies on the pancreatic islets of

Xenopus laevis (the completely aquatic South African

clawed toad which was once a laboratory animal for the
wi<klg

diagnosis of pregnancy and is now extremely. used in studies\

of metamorphosis, regeneration, radiation and genetics, and

skin melanophore studies). August Epple, 1965 (unpublished)

has described alpha, beta, gamma and other types of pancreatic

islet cells in Xenopus.

Xenopus laevis is very hardy in aquaria, easily fed

and does not appear to develop lethal "laboratory diuresis"

(Smith, 1953; Forster, 1953)♦ It is quite an easy animal

to handle. In some experiments it was possible to withdraw

a few millilitres of blood by inserting a hypodermic needle

through the sternum to get tc the heart chambers in the

unp.naesthetized toad without it becoming moribund even

after four or five samples have been obtained this way.

Viability after pancreatectomy is quite satisfactory and

some animals not only survived for over three weeks but also

were able to improve physically from the diabetic state.

In such animals there was evidencefhistologically, of

regeneration of the pancreas (Dosna, 19^3)• The usual
symptoms of diabetes could be induced in Xenopus laevis

bY panerea tectomy and the symptoms could be observed for

a few days after the operation. In many instances the induced

diabetic condition terminated in coma and death.
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The present work was designed to study the pancreatic

islets with modern histological methods for both light

and electron microscopy; and also to investigate changes

in the islet tissue after alloxan administration. Studies

on the effects on the blood sugar level due to pancreatectomy,

admins tra tiog. of alloxan, insulin, glucagon, STH, adrenaline,

and the sulphonylurea compounds (Tolbutamide, Chlorpropamide

and 'Artosin', a commercial preparation of sodium tolbutamide

injected clinically as a diagnostic test for diabetes mellitus

via the intavenous route) have also been carried out. The

changes in the glycogen reserves in the liver and in the

muscles of Xsnopus after pancreatectomy and after alloxan

injections were also studied.



Chanter 1

HISTOLOGICAL INVESTIGATION ON THE ISLETS OF LANGERHANS

a) LIGHT MICROSCOPY

INTRODUCTION: There appears to be very few records of

previous work on the histological details of the pancreatic

islets of Xenopus laevis although the structure of the

islets has been studied rather extensively in other
14

amphibia. As can beseen in Table 1 (fleagaBtjjj pageT there is

little conformity or uniformity in the number of cell types

reported to be present in the- various species studied..

The normal frog pancreas is loosely organized and the

islet tissue is not shArply segregated morphologically from

the acinar tissue so that islet tissue is usually recognized

only with difficulty in the absence of differential staining.

There is a controversy over the nomenclature of the dark -

and light-staining cells as to which is designated A.-cell and

which B-cell. Some authors call the darker cells 8-cells and

the lighter A-cells while others maintain the opposite

viewpoint (Be Robertis & Friaavesi, 1939). In this report

the former system of nomenclature holds. Recently

Guardabassi 6c Bieler, 19&2, reported the occurrence of a single

cell type, exhibiting the same staining characteristics of the

endocrine pancreatic B-cells in other vertebrates. Epple

(unpublished), on the other hand maintains the presence of
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A-, B- and D-cell types as well as argentophil and

other call types in Xenopus islets.

MATERIAL AND METHODS: Animals of about 55g to 80g were

used for the histological examinations. These animals

were killed by a blew on the head and the pancreases

excised without delay and placed immediately in a Bouin's

fluid and kept in the cold for 24 hours before proceeding

with the processes of dehydration.

The pancreas is situated as a discrete structure

between the duodenum and the stomach enclosed in the

hepatogastric ligament with a single duct which joins

the bile duct.

Alloxan-Treated Material: An intramuscular injection of

a 12.5% (w/v) alloxan solution in distilled water at a

dose of 250 mg/kg was given and the animals were sacrificed

at 24 hours and 48 hours after the injection. The pancreases

from these animals were removed and subjected to histolo¬

gical investigations. To obtain a long term effect of

alloxan on the islet tissue daily doses of 50 nig/kg were

given intramuscularly and the animals were killed on the

5th day (animals became moribund and died round about the

5th day). The alloxan solution was prepared daily by

dissolving alloxan in a double distilled water.
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Plate 2

Pancreatic -tissue of* Xenopus laevis (Aldehyde fuschin

staining)* Magnified several hundred times<>

To the top and bottom of the photograph are the acinar

tissues* The islet tissue occupies the central region*

BV sr BloO'd vessel (venule); AT « Acinar tissue;

IT * Islet tissue. X c. 7,000.
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Fixation Methods:

i) Bouin's fluid

ii) Absolute alcohol

All fixed tissues were embedded in paraffin.

Thickness of Sections:

Sections of 3) 5» 7 and 10 microns were cut with a

mi crotome.

Histological Stauining Methods:

Hematoxylin-eosin

Heidenhain's azan

Silver impregnation: Masson's Technique for Argentophil

Granules ( 1923).

Aldehyde fuschin (also counterstained with phloxine).

RESULTS

The normal pancreas of Xenopus is not very compact in

its organization and the islet tissue is not sharply

segregated morphologically from the acinar tissue so that

islet tissue is recognized only with difficulty in the

absence of differential staining. It was difficult to

spot islet tissue with hematcxylin-eosin staining. With

azan some islets could just about be made out but the

differentiation was rather poor. Aldehyde-fuschin stained

sections gave a good differentiation (in oxidised sections)

and it was possible to recognize AF-pcsitive, AF-negative

and AF-neutral cells in the endocrine tissue. Tae AF-positive



i5>6ue

Plate 5
Islet tissue of Xenopus laeviso Aldehyde fuschin

positive cells (darker staining) or B-cells arranged

along a length of a pancreatic ductule are to the

right of the photograph, X 1,000.
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cells showed bluish violet cytoplasmic granules and the

AF-negative cells having finer granules showed pinkish

orange when counterstained with phloxine. These seem to

be similar to the beta- and aloha-cells of mammals which

possess corresponding tinetorial properties. By impregnating

with silver argentophil cells in both exocrine and endo¬
crine tissue were found. These were variously shaped.

In section the shapes of the islets were circular,

elliptical, oval, kidney shqped, incomplete figure of 8
or corrugated circular. Sizes measured under the stage

micrometer range from diameters of 31 to ikk p. The islets
were found to be composed of about equal numbers, of A-

and B-cell types together with some agranular cells.

Peripherally there were more cf the AF-positive cells

and centrally more of the AF-nagative cells mixed with

some of the agranular cells. Occasionally the AF-positive

(or 3-cells) were found arranged along a length of the

small pancreatic ducts in the surrounding epithelium (Plate "*)).
Other isolated B-cells were found either singly or in

groups of two to five in the acinar tissue apparently

without accompanying A-cells. The number of blood

capillaries observed in the sections suggest a good

blood supply to the cells of the pancreatic islets. There

was a definite capsule around the islets of Langerhans

which couldt.be seen under high rnagnification of the sections

3s w®s Inter confirmed by electron microscopy.



Plate 4

Aldehyde fuschin/Phloxine stained section showing

alloxan-induced cytological changes in a small islet

of Langerhans after the administration of an i«m« dose

of 250 mg/teg for 5 days* Stainabilty is decreased and

there is a swelling and degranulation of the B-cells

(middle 3/5th of the section). A—cells are almost

normal in appearance* X 10,000.
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AHoxan-Treated Pa.n.cre?.s : There was a slight general loss

of stainability in alloxan-treated sections. Sections for

the periods 2k hours and hours after alloxan treatment

showed degranulation of the B-celis with little or no

effect on the A-cells. In the 5 days treated sections (Plate '

there was a very marked swelling of the degranulated

B-cells, some of which show signs of vacuolation. The

islet tissue was slightly disorganized and arterioles in

the exocrine and endocrine tissue as well as the ductules

ox the pancreas were enlarged.

DISCUSSION

The agranular cells of the untreated pancreatic islets

could cither he D-cells or argentophil or both. Since no

serially cut sections were systeaatically examined by

different staining techniques it is difficult to assign

them to any particular grouping. It would have been inter¬

esting to have investigated, cytoiegicol changes in very

prolonged cases of alloxan cell destruction, but unfortuna¬

tely, even with daily doses of the order of 25 mg/kg

of alloxan the animals become moribund and were dead by

the sixth day. Apparently the effects of alloxan were

cumulative in Xenopus laevis. Guardabassi & Bieler, 1962,

reported that only B-cclls were present in Xenopus islets.

This view is not supported by the present report as there

definitely arc A-cells which are best demonstrated by

counterstaining techniques.



Plate 5
Electron micrograph of a normal pancreas in Xenopus laevis«

Magnification 10,000 x 3»

N = Nucleus; NM = Nuclear membrane; M «* Mitochondria}

ER ss Endoplasmic reticulum; G = Granules with surrounding

membranes (limited to the endocrine tissue of the pancreas)«



- 22 -

SUMMARY

By using aldehyde fuschin on previously oxidised tissue

a differentiation of the pancreatic inlets was obtained.

It was thus possible to recognize AF-po3itive, AF-negative

and AF-neutr&l cells which corresponded with B-cells,

A-cells and agranular cells respectively in mammals by

these tinctorial characteristics. ArgentopJail cells have
also been found present in both exocrine and endocrine

tissue. Occasionally isolated B-ceils were found studded

in groups of two to five in the acinar tissue without

any accompanying A-cells. Alloxan caused cytotoxic v_

effects on the B-cells by degranulation and later by

the swelling and vacuolation of the cell. It also caused

enlargement of arterioles as well as pancreatic ductules

and also caused a general disorganization of the tissues

of the pancreas.

b) ELECTRON MICROSCOPY

MATERIAL AND METHODS

Anaesthesia was induced in the toads with a solution

of MS-222. The thoracic cavity was then opened and

7.0 rag. of artosin was injected intra-arterially in the

•treated' animal and 0.05 mi of distilled water (equi-

voliiric with the Artosin) was similarly injected into the

'control' animal. 30 minutes after the injection the

pancreas was dissected out and placed in frog ringer.



Pieces of about 1 millimetre of pancreatic tissue were

fixed in OsO^ fixative for the EM work. To obtain a better
contrast 1% uranyl acetate + G.5% phospbotungstic acid

in absolute alcohol was used during the dehydration

process. The tissues were embedded in Vestpal W and

trimmed down and sections cut on an ultrotone. Various

micrographs were taken for both the 'treated' and the

'control' sections at magnifications of 4,000 x 3 to

12, ,0GG x 3 using a Seimens electron microscope.

RESULTS

Since from previous experiments on the blood sugar

concentration the peak of activity of 'Artosin' (Na Tolbu¬

tamide) had been found to occur between 30 - 45 minutes

it was hoped to see some change in granulation in the

ultrastructure of the islets of the 'treated' in comparison

with the 'control' pancreases. It was, however, very

difficult to interprets the results from the electron

micrographs and there was apparently no change in the

granulation of the islet cells. Certain facts came to light

from these micrographs - they confirmed that there was adefinit

capsule around the islet and that the granules, which were

limited to the endocrine tissue, have surrounding membranes

and in some, cases appeared to be mulberry-shaped showing

internal granules with differing electron density. (See

opposite this page wd also over the page).
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DISCUSSION

Bander, 19&3, working on in vitro rat pancreas showed

that with that experimental model the process of degenera¬

tion was dependent on temperature, concentration of the

hypoglycaemic sulpb.onylurea and on the pH, i.e. the

speed of dogranulation increased with increasing pH. The

PH of the phosphate buffer he used was 7.6 and changes

in the granulation of the cells were observed only

4 minutes after incubation at 37°C.

It would have been interesting to have tried higher

doses of Na Tolbutamide in this study and also to have tried

the drug in in vitro experiments. However, the micrographs
knowledge of

obtained in this study have contributed to^the ultrastrueture
of the islets in Xenopus laovis.

SUMMARY

Although it was impossible to tell the difference in

the granulation of a pancreatic islet cell from a

tolbutamide-treated. Xenopus from that of an untreated

one by the above electron micrography it has been established

that the islets of Langerhans in the Xenopus hafe a definite

capsule and that the granules of the cells of the islets

have distinct surrounding membranes not unlike the ultrastru-

cture of the islets in the mammals.
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Chanter II

BLOOD SUGAR REGULATION

INTRODUCTION

Wurster (1958) working en Taricha and Wright (1959)

on Raaa catesboiana found no correlation between the

nutritional status of these animals and the level of

sugar in the blood. The type of food these animals

normally feed on is probably lew in readily available

carbohydrates. The known slower rate cf digestion and

absorption might also be responsible for the small

fluctuations observed in postprandial blood sugar level.

Even after prolonged periods of fasting in Ta.richa only

slight frypoglycaeflJia was observed.

Not very much work has been done on temperature

effects on the blood sugar in amphibia. A few days of

exposure to low temperatures increased the blood sugar

of frogs (Scott & Kleitman, 1921), and spawning under

similar temperature conditions had the same effect

(Smith, 195(0 • Sepinov (19^6; 19^7) demonstrated that

temperature is an important factor regulating glyco-

genolysis in amphibia.

Slome (1935) studied the effect cf black and white

"background" and hypophysectomy in Xenopus laevis and

showed that animals kept in black containers had higher
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average levels of blood sugar and darker skin pigmentation

than those kept under similar conditions but in white

containers.

In the present investigation normal blood sugar levels,

levels after pancreatectomy, administration of adrenaline,

insulin, glucagon, STH and sulphonylurea compounds have

been studied. Table II shows the effects of various

hormones on the blood glucose concrentration in vertebrates

(Extr. from Bentley and Foilett, J. End., 1965, 3J., *35).
See page 32.

MATERIAL AMD METHODS

The average body weight of animals used in this work

was 66 g (range: 43 - 96 g). 0.5 ml mixture of venous

and arterial blood was obtained for each sampling by

inserting a heparinized hypodermic needle just cranial

to the sternum into the heart in the unanaesthetized

Xenopus. Blood samples were also obtained from animals

anaesthetized in a solution of 0.15 - 0.2% (w/v)

MS 222-Sandoz by neatly cutting out the sternum, the

muscles attached to it and the pericardium (tirsis caused

very little or no bleeding) and inserting the heparinized

needle directly into the ventricle of the exposed heart.

Blood Sugar Determinations: "True glucose" in the blood

was estimated by the glucose oxidase method (Eraraer

Jakobsen, i960) modified as for the commercial preparation
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"Blutzucker Farb-Test" (Biochemica "Boehringer" ,

C.F. Boehringer & Soehne, GmbH., Mannheim, Germany) -

3rd (revised) edition, January, 19&3 and also the 1st

edition, February, 196^, using uranyl acetate for

precipitating blood proteins. Glass double-distilled and

deionized water was used in .making up the enzyme and other

colorimetric solutions. All glassware was washed with

an anionic soap powder and subsequently given, thorough

rinsing with distilled water as the usual washing powders

are liable to adsorb substances and hence contribute

to experimental errors by giving falsely positive results.

Injections: All injecticns in this work were dene by

using an AGLA micrometer syringe which allows volumes as

smell as 0.01 ml be measured to within +_ 0.00005 ral

(Developed at the Wellcome Research Labs., Beckenhaia,

Kent, England. Ref. Siochem. J., 1925» ,lj?» llll). All

injections were on the basis of "gm/kg body weight"»

Intravenous injections were done by injecting into the

heart of the anaesthetized Xenopus after exposing the

heart.

Intramuscular injections wc-.ro given by injecting always

into the left thigh sartorius and vasti muscles to

ensure a fairly equal rate of absorption in different

animals.
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Intraperitoneal Injection. It was important to take care

not to inject into the urinary bladder, the liver cr into

abdominal lymphatic sac.

Administration of EyperjrlycaetrJ c and Hypoglycaernic Agents

i) (-) Glucose: A 50% (w/v) solution in glass distilled

water was injected intraperitoneally at a dosage of 0.5 g/kg

body weight. Actual volumes injected range from G.O58 to

0.82 ml.

ii) Insulin: Intramuscular injections at doses of between

kQ - k0<j lU/kg (^00 lU/kg = 22 IU per toad approx.) was

cai-ried out.

iii) Glucagon (crystalline): A 0.01% (w/v) solution was

injected at a dose of 1 rag/kg (approx 38.5 jug per toad).
iv) Adrenaline: A Q.G0i%(w/v) solution was injected at dose

between 0.1 mg/kg to 0.5 rag/kg intraperitoneally and also

intramuscularly.

v) STH (Porcine Growth Hormone): A solution was injected

intrarterially as a 0.02% (w/v) in 11/100 HC1 at a dose

of G.5U ( = 5 mg) per animal.

Tolbutamide and Chlorpropamide Tablets: Small pieces

of the tablets were weighed out and these were force fed

to the animals 0.3 ml of water being used to wash the

drugs down. The doses given were about clinical values.

vii) Artosin (commercial preparation of Na Tolbutamide in

solution) was injected both intrarterially and
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20 ml of distilled water. Control animals received sham

injections of distilled water and were placed in similar

tanks. Samples of ambient water were analyzed after 2k

hours and after k8 hours.

Pancreatectomy Technique: Animals were anaesthetized by

placing them in solutions of 0.15 - 0.2% (w/v) MS 222-

Sandoz for between 5-10 minutes. They were then placed

en cork dissection boards, opened up by an incision of

about 1.5 cm length to the left of the mid-abdominal line.

The duodenum was sought cut by means of a blunt probe and

the jpancroasjiying in its loopl brought out. After ligat¬
uring all the pancreatic and splenic arteries it was

possible to extirpate the gland by blunt and sterile

dissection with very little bleeding. Any bleeding was

swabbed with a wet cotton wool soaked in 0.5% ethyl

alcohol. The abdominal wall and the skin were separately

sutured carefully to avoid post operative complications.

The whole operation usually took between 20 to 30 minutes.

Recovery after the operation occured after placing

the animal in fresh water (changed thrice within 1 hour

to wash off the anaesthetic on the skin) for about 60 to

90 minutes. In sham operated animals the technique was

the same except that although the pancreas was extruded

it was put back intact again.
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RESULTS

Blood Sugar Levels in Normal (Untreated) Animals

The average blood glucose level in animals which have

been starved for a week and postprandial values were

found to be approximately the same (Wright, 1959)• On

account of this animals were subsequently not subjected
.before

to periods of fasting^the "normal fasting blcod sugar
levels" were estimated. These blood sugar values are

therefore best described as "initial blood sugar values"

as in most cases emphasis was on changes in these initial

values after treatment of the animals with various agents

or after pancreatectomy.
The value obtained for tne mean blood sugar level was

(15.68 - 17.95 rag % (range 21.0 - 109.0) for 55 observations.

Fig. 1 is a plot of the Frequency Distribution for these

values. -17*95 is the standard deviation.

Glucose Tolerance

The peak of hyporglycaemia appeared to be between

3 - 4 hours after the injection (Fig. 3 ), the mean increase

in blood glucose being 117 nig % ( 54 - 157 ®g % ) . The

greatest rate of rise seems to occur within 1-2 hours,

but in some animals (see Fig. 2) this occurred within

1 hour after the injection. It took three days in the
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TABLE II

THE EFFECTS OF HORMONES ON THE BLOOD GLUCOSE

CONCENTRATION IN VERTEBRATES

Insulin Glucagon Adrcnaline
Adreno-
cortical
hormones

ostoroes

Toloc-sts

Amphibia:

Urodeles

Anura

Rep tiles :

Insensitive

k

6

Lsecer tilia ( Insensi¬
tive)

Croccdilia(Insensi¬
tive )

Birds

Mauwaa 1 s

(Insensi¬
tive )

Insensitive

. 5

8

11

8

10

8

10

12

KEY: + = Increased concentration. - = Decreased concentration

* = Liver glycogen

REFERENCES:

1. McCormark & K^cleod 5* Wright (2959)
(1925)

9. Coulson & Hernandez
(1953)

2. Gray & Hall (1930) 6. Houssay & Rietti 10. Sturkie (195*0
(192k)

3- Nace (1956)

k. Miller & Wurster
7. Hunter & Johnson

11. Kazelwood & Lorenz
(1957)

(i960)

(1957) 8. Miller & Wurster
(1958)

12. Waring & Landgrebe
(1950)
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majority of animals for the blood sugar levels to return

to the initial values and in 18 % of cases the- initial

blood sugar level was regained in 2 days. This dose

produced hyperglycaeraic convulsions in 22 % of the toads

one of which was dead by the 24th hour.

Glucagon (crystalline)

Witnin one hcur after glucagon injection there was a

dramatic increase in the blood sugar level (Fig. 4) from

a mean value of 26.0 to 74.8 mg %. The peak of glucagon

activity occurred within 2-3 hours after the injection.

In one animal no rise in blood sugar occured for the *

5 hours after the injection; in fact, the observed effect

suggested the development of a mild hypoglycaemia. By the

24th hour blood levels had returned to initial values

and in two of the six cases blood sugar values then were

lower than the initial values. (See Table III)
* The animal which did not respond to the glucagon
injection was not taken into account in Fig,4 or in
Table III.

Insulin

Blood sugar values after administering up to

40 - 100 IU/kg of insulin did not vary much in 30% cf the

animals for the five Lours in which they were observed but

there was a, hyperglycemic response in the other animals

similarly treated. The average increase was 2,2.5 rag % i-n

the blood glucose level. A dese of 400 IU/kg was given to

a group of toads and the blood glucose level estimated for

24 hrs. and again for 48 hours after the injection.
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TA3LE III

GLUCAGON EFFECT ON xencpus

(1 mg/ICg intraperitoneally )

no. Initial 1 hr. 3 hrs 4 hrs 5 hrs. 24 hrs.

xni8 35 62 50 45 57 33

xn19 to to • 65 68 70 74 29

xn20 26 89 107 63 53 16

XN21 24. 5 100 114 119 102 27

xn22 22 76 70.5 70 70 20

xn23 25 57 74 72 65 23

xn24 30 50 75 73 69 28

xn25 20.5 48 80 75 72 22

Vaules are in mg % Blood Glucose
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Fig 5 shows that in those animals hypoglycaemia developed

progressively. On the second day an intraperitoneal

injection of 0.5 g/kg glucose raised the level of blood

sugar, reaching peak activity about 2 hours afterwards

but failing to produce an amount of increase in these

insulinised animals comparable to the increase provoked

in untreated animals. The increase in this case was from

11.5 to 2-8.6 rag % (cf. 26.0 to fk. 8 mg% above where animals

were just loaded with glucose).

At the high dose of 400 IXJ/kg almost all animals showed

occasional tetanic and extensor convulsions within hours of

the injection. Half the toads receiving this high dose

of inscuLin were dead by the third day.

Adrenaline

All the doses tried (C.l - 0.5 mg/kg) produced hyper-

glycaemia within 30 minutes after administration in most

of the animals injected. Hyperglycaemia in some other

anisxals in this extperiment was slower in onset. Curiously

this hyperglycaemia was preceded in three animals by a

30 - 60 minutes hypogTycaemia. At a dose level of 0.5 rag/kg

(Fig. 6) there was a sharp rise in the blood sugar

between 1-4 hours, the peak of activity occurring witnin

3-4 hours. One of the animals receiving this dose had

convulsions and was dead by two hours. Another animal

died by the fifth hour without convulsions. Blood glucose
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values obtained for the 24th hour showed the development

of delayed hvperglycaetr.ia. By the third day after the

injection three oixt of six animals receiving tJhis cose

were dead. No blood sanrples were taken after 24 hours.

Less than 3 minutes after the adrenaline injection

there was a secretion of a very viscous type of mucus

from the skin glands. At the same time a whitish sticky

substance was exuded from the skin glands. (Bastian 8c

Zarrow, 1954, showed that this substance from the skin

is an unidentified protein-containing material). The

skin became darkened about 30 minutes after the adrenaline

injection. Those that showed signs of convulsions,

however, became blanched in skin colour — "excitement

pallor" (Parker 8c Scatterly, 1937) •

In later experiments in which a 0.15 - 0.2 % (w/v)

solution of MS 222 - Sandoz was used in anaesthetizing

the animals a blanching cf the skin was again observed.

As the effect of the drug wore off the skin regained its

orginal darker hue gradually.

STK (Porcine Growth Hormone)

With a dose of 5 rag per toad blood glucose level rose

to an average of 83 mg % - 20.2 mg percent in 9 animals but

this same dose apparently had no effect in 2 other toads
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TABLE IV

STH EFFECT ON XENOPUS

(Dose = 5 = 0.5U/Toad Intra-arterially)

No Initial 30 sain. 60 min. 90 rain. 120 aiin.

XJ1 22 . ~ 42. 5 56.5 55.5 50

XJ 2 29 88 93 112 95

XJ3 25 51.5 53 51 50

XJ4 32 64 105 10c 102

XJ5 33 52 94 96 87

XJ6 24. 5 61 72 72 75

XJ7 26 65 91 83 83

XJ8 25 52 68 62 62

XJ9 22. 5 52 59 63 65

Values are in mg % Blood Glucose
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under the same experimental conditions,

The slow intra-arterial injection had the effect of

temporarily arresting the heart, the heart becoming
bloated and beating faintly - mainly diastolic beats.

This effect disappeared after about a minute. Injection

of N/100 HC1 (used in dissolving the STH) intra-arteri&lly

into the control animals did not appear to have this effect

on the heart.

Tolbutamide and Chlorpropamide

Xenopus laevis has a habit of reflexly regurgitating

any particles force-fed to it into the aquarium and thus

making it impossible for drugs to be administered enterally

if observed effects of the drug are to be related to the

dosage. Although partly digested pill particles were

thrown back into the water the blood 3ugar level fell in

a few of the animals so fed. As it was impossible to relate

this effect with actual dose administrated it was decided

to inject the drugs parenterally in solution and hence,

Artosin, a commercial preparation of sodium tolbutamide,

was injected intra-arterially and intraperitoneally.

Artosin

Toxicity: Doses of up to 15 mg/kg of arte sin given intra-

arterially in both conscious and anaesthetized toads



TABLE V

EFFECT OF ARTQSIN OH ANAESTHETIZED XENCPUS LOADED

15 MINUTES PREVIOUS TO SXIERIMENT WITH GLUCOSE

(c. 5 g/Kg intra-arterially)

No Initial 15rain 30rain 60® in 90rain. 120rain. 150rain.

XF26 138 129 131 122 126 132 130

XF27 157 154 148 135 130 132 132

XF28 126 126 112 102 108 96 90

XF29 145 125 120 116 125 113 91

XF30 136 135 131 102 130 132 132

Values are in rag % Blood Glucose.
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table vi

EFFECT OF ARTOSIN CM TJNANAC STHETIZE D AND

ANA5STHETI ZED X5NC.PUS

(Intravenous 3 • C rag/kg)
a) UNANAESTHETIZED

No. Initial 30 inin. 6C sin. 90 min. 150 min.

XF1 47 64 65 6l 49
XF2 39 58 58 54 53

XF 3 39 6l 58 53 48

XF4 48 63 63.5 52 52

XF5 53 50 60. 5 50 49
xf6 59 59 6l. 5 51 49

XF7* 44 50 53 63 91

Values are in sr.g % Blood Sugar
* Control

b) ANAESTHETIZED

No. Initial 30 min. 60 rain, 90 min. 150 min.

xf 11 52 53 42 52 43
XF 12 64 53 33 49 49

xf 13 34 48 43 50 42

xfi4 46 56 54 57 48

xf 15 45 54 43 45 38
xfi6 46 48 40 45 39

XF 17* 44 46 47 50 67

Values are in tng. % Blood Sugar

* Control
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TABLE Vila,

EFFECTS OF PANCREATECTOMY ON BLOOD SUGAR LEVELS

DAYS AFTER PANCREATECTOMY

No.

Before

Operation
i 1 2 3 7 14 21

XM1 33 208 320 - - 160 95 55

XM2 44 300 325 - - 145 +

XM3 45 262 265 208 175 98 - +

XM4 26 305 300 244 142 - 84 48

XM5 6o 325 236 305 240 - 68 52

XM6* 45 90 82 - 53 55 - 64

XM7* 42 166 78 66 70 60

* Sham operated 'control' animals.

* Dead

- No readings taken

Values are in mg % Blood Sugar
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TABLE Vllb.

EFFECTS OF ARTOSIN ON BLOOD SUGAR LEVELS OF

PANCREATECTOMYED ANIMALS

TIME (IN MINUTES) AFTER OPERATION

No. Initial* * 60 90 120

XM14 270 294 300 —

XM15 180 240 245

XM16 305 300 332 -

XM17 302 296 285 342

XMl8 267 284 - 280

XM19 178 180 - 294

XM20 288 300 - 295

XM21* 66 75 70 -

XM22 * 82 88 84 92

XM23+ 255 346 340 -

XM24+ 243 302 325 350

* Sham operated 'control' animals.
** Values are for 24 hours after the operation - "Initial'
+ Operated and injected (i.p.) with a solution of glucose
at a dose of 0.05g/Kg. immediately after the 'Initial'.

All animals received 0.15 mg of Artosin after the first blood
sample was taken.

Values are in mg% 31ood Sugar



Tim# in minutes

Fig.t. Blood sugar level changos with intravonous injection of 3-0mg. Tolbutamide

sodium (Artosin). Hypoglycasmic offsets wars most markod in animals with raised

levels of blood sugar (induced by i.v. injection of Glucose IS mm. earlier).
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produced no immediate signs of toxity whereas doses of

between 20 - 50 mg/kg injected very slov/ly evoked

immediate signs of toxicity, the heart beats being

arrested completely before 15 minutes or else they were

reduced to slow auricular beats only. All animals showing

this symptom were dead within 15 - 30 minutes usually.

Blood Sugar Effects: Blood samples were taken every 15 or

30 minutes for 2\ hours after the injection. In the anaes¬

thetized Xenopus it was impossible:-x to obtain hypoglyca'emia
ail

in some animals after Artosin injection but in.the unanaes-
A

thetized animals it was not possible to induce this effect.

Doses cf 3 - 6 mg/kg body weight of Artosin in the

unanaesthetized animals not only failed to produce hypogly-

caemia but also seemed to raise the blood sugar level in

'treated' animals over that in 'control' animals in a few

cases. This hyperglycaemia was apparently arrested between

60 - 90 minutes after the injection (Fig. 9 )• In the

anaesthetized Xenopus a dose of 1.5 rag/kg proved ineffective

but doses of 3 mg/kg and over produced a hypoglycaemic

effect in about 65% of animals within 30 - ^5 minutes after

the injection.

When the blood sugar vras raised by a slow intra-arterial

injection of 0.5 g/kg glucose injection 15 minutes before

the administration of Artosin hypoglycaemia was obtained

within 15 - 30 minutes with doses as low as 1.5 mg/kg

(Fig. 9). In these glucose loaded toads no hy perglycaemia

over the loaded initial level was observed for the 2 hours
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after the Artosin injection.

Alloxan-Treated Xencpus Blood Sugar Levels

Alloxan injection in the Xencpus (intaperitcneally or

intramuscularly) produced within 1 hour of injection a

violent emesis with regurgitation of contents of the

alimentary canal into the aquarium. This effect was observed

for all levels of doses tried, i.e. 25 - 1,200 rag/kg.

Enesis was later accompanied by defaecation of partly

digested food substances; pest motera examination of the

alimentary canal showed it to be virtually empty.

Alloxan Toxicity: The response to alloxan of animals given

the same dose (in mg/kg) and under the same experimental

conditions was variable to a considerable degree. Despite

this, it was possible to obtain a so-called minimum effective

dose (MED), the lowest dose producing death. Animals

within each group were observed! for three days but it was

more convenient to use 48 hours mortality percent figures

for the derivation of the toxicity curve (Fig. 7). The

MED was found to be between 200 - 250 mg/kg. LD^ was
about 175 mg/kg. Graphical determinations of the LD^0
and the LDnn gave values of 3^6 mg/kg and 412 mg/kgvo

respectively.
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The toxicity of Alloxan was enhanced at a pK of 4 and

the following values were obtained for the lethal doses:

LDq = c. 100 mg/Kg; MLD = 150 - 175 mg/kg; and
graphically

LD^0 = 304 mg/kg; L°5C = 2lZi ms/kg'
A rough estimate of the increase in potency at this pH

could be obtained thus:

Alloxan Toxicity in Water (LD_„)
= mg/kg = 1>6l?

Alloxan Toxicity in Buffer (LD,.,,) mg/^g ,r .

It should be added that 5 animals treated in the some

manner as those receiving alloxan above (i.e. alloxan

dissolved in the buffer) but given a blank injection

wjth the buffer alone survived with no observable ill

effects for several days after the experiment. Therefore

the increased potency shown above was not due to a toxic

effect of the buffer used in dissolving the alloxan

crystals.

Toads dying after receiving doses of the range 25° to

400 mg/kg became moribund and died within 12 - 72 hours.
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These receiving higher doses of 450 - 600 rcig/kg died

within 5-8 hours. Extreme high doses of 750 - 1200 mg/kg

produced almost immediate prostration of the animals,

death ensueing within less than 90 minutes.

Some animals receiving lethal doses but surviving

from the various dosage groups (below 400 mg/kg)

appeared to recover completely within a week or so from

the alloxan effects. Such toads could survive indefinitely

after this recovery. For this reason it was impossible

to maintain the induced diabetic state in the Xenopus for

any length of time. Any attempt to maintain this state by

daily sub-lethal doses failed because the animals died,

possibly due to the cumulative effects of alloxan.

Blood Sugar Effects: The blood sugar level rose after

injecting alloxan at a dose of 150 rag/kg intramuscular

to over 100 mg % in all animals examined in the 5 hours

following the injection time. In a few of the animals
as

the blood sugar was^high as 130 mg %. The values for
24 hours samples showed a hypogiycaemia in all the

animals receiving the alloxan. 48 hours samples showed

a slight increase over the 24 hours v&luea in blood

sugar. (See Fig. 8)
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DISCUSSION

Normal Blood Sugar Levels : It appears from the values

obtained for the initial levels of blood sugar (mean 45.68

mg %) that some of these animals have very low blood

sugar levels whereas others have comparatively high

levels without showing any symptoms of hypo- or hyper-

glycaemia. As a check on the possible experimental errors

in the colorimetric determination of the blood sugar values

each blood sample should have been duplicated. The omission

of this precaution renders the values in the Frequency

Distribution Curve of the Initial Blood Sugar Levels (Fig.l)

above 80 mg % suspicious. If this part of the curve is not

taken into consideration then the mean value so obtained

approaches the value quoted by Slome, 1935i 37.0 - 2.6j mg %
. 4. ,

for dark-adapted toads and 25*4 - 1.02 mg % for light adap¬

ted toads. A second possible source of error is the method

of collecting blood via the sternum into the chambers of

the heart as it is possible to withdraw extravascular and

extravasated fluids if proper caution is not exercised.

Glucose Tolerance Test : Since hyperglycaemic convulsions

occurredfjji a few animals receiving 0.5 g/Kg( approximately

25 mg glucose per toad) perhaps smaller doses should have

been tried, because some of these animals showing signs of

convulsion and dying during the course of the experiment
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attained very exaggerated levels of blood glucose so

that one could not really attribute all the observed hyper-

glycaemia to extraneous glucose (from the peritoneal pool)

alone. However, it was obvious that the rate of metabolism

of glucose in Xenopus laevis compares with those already

reported for other amphibia. How long it took for the

elevated blood sugar level to return to normal values in

amphibia seems to have been ignored in almost all reports

available on the subject. This experiment shows that

between 48 - 72 hours are required for the elevated blood

sugar level to fall to the normal levels.

Glucagon : Although it has not yet been established

whether glucagon is present in the amphibia the presence

of the alpha cells (See previous chapter) suggests the

secretion of this hormone. It is interesting to note that

injected glucagon produces this dramatic rise in the blood

sugar. May be the hormone is normally deficient and hence

the tendency for hypoglycaemia in most of these animals

examined. It would be more interesting if glucagon .was

demonstrated histochemically and also if it was extracted

and assayed to see how species specific it was. Since amor¬

phous glucagon has been found not to provoke this hyper-

glycaemia in some amphibia (Wurster 8c Miller, i960) it

should have been tried on Xenopus iaevis in this experi¬

ment to see whether the phenomenon applies generally to all
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the amphibia.

Insulin : Like the glucagon experiment it would have been

a valuable exercise if insulin had been prepared from

Xenopus laevis material and injected into other Xenopus to

verify what species specificity there was. The point in the

injection of the glucose solution 48 hours after insulin

treatment was to find out how soon exogenous insulin dis¬

appeared from the blood. It appears that even 48 hours

after the insulin injection there was still quite a high

titre in the blood by the fact that the injected glucose

failed to evoke hyperglycaemia to any great extent. Perhaps

this part of the experiment should have been repeated with

lower graded doses to give a curve of the relative rates

of disappearance of different concentrations of exogenous

insulin from the blood.It is known that higher
doses of mammalian insulin are required to bringabout hypoglycaemia in lower vertebrates*

Adrenaline and STH Administration : Xenopus laevis is

very sensitive to adrenaline; the lowest dose of adrenaline

injected in this experiment, 0.1 mg/Kg (i.e. about 5 ug

per animal) provoked a..marked hyperglycaemia within 1 hour
TlQtYl

of injection. Smith, 1954,^that in excited hyperglycaemic
frogs no further increase in blood sugar could be provoked.

Wright, 1959, reported that a second dose of adrenaline did

not increase the hyperglycaemia induced by the first dose.
*Ref. Falkmer & Matty; Gen.and Comp.End., June,1966.
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These findings have not been put to test in this

experiment.

Positive response to growth hormone (STH) occurred in

about 82 % of animals and it therefore appears that STH

must play an important role in the carbohydrate metabolism

of Xenopus laevis.

Hypoglycaemic Sulphonylurea Compounds : Apparently there

are no previous records of any work on Xenopus laevis and

its response to the sulphonylurea compounds of clinical

importance. Because of the normally low blood sugar levels

of these animals the small degree of hypoglycaemia obtained

(in those animals that showed it) made most of the toads
to the drugs.

appear to be insensitive^ However, on raising the blood sugar

by glucose infusion previous to the test with the hypogly¬

caemic agents an appreciable fall in the blood sugar

level was observed - 60 minutes after the injection.

It could be implied that the sulphonylurea compounds worked

best in Xenopus laevi3 when blood sugar levels are artifi¬

cially slightly elevated.

Alloxan-Treated Animals and Blood Sugar Effects : The val¬

ues for the blood sugar concentrations 5 hours after the

injection compare with those obtained by Seiden, 19^ »

working on Rana pipiens. His values for the period { to 3
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hours range from 90 to 150 mg %. Although the response

to alloxan injection was variable there was always elevated

blood sugar concentrations in all the animals examined.

24 hours after the alloxan injection the hypoglycaemia tvhich

occurred in all the animals was only very slight when

blood sugar values then are compared with the initial values.

Total Pancreatectomy and Blood Sugar Effects : The results

confirm the findings of Slome, 1935, but, like his values

for the normal blood sugar concentrations in Xenopus laevis,

his values for the 24 hours after pancreatectomy (c. 230 mg%

for samples 12 hours after the operation) are on the whole

lower than those in this report. Estimations of blood glucose

concentrations for up to three weeks after pancreatectomy

were possible in some animals and these showed that the

return to normal values was occurring round about that

time. This could probably be because insulin production

was being re-established in these toads for two such

animals , sacrificed 14 days after the alloxan injection,

showed definite morphological and histological evidence of

regeneration of the pancreatic tissue - most probably from

the biliary ducts (Dosne, 1943).

'Artosin' on Depancreatized and Alloxan Treated Animals :

Failure of Sodium Tolbutamide ('Artosin') to provoke
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hypoglycaeraia in animals with their pancreases destroyed

chemically or removed surgically does not help much in the

elucidation of the target organ for the action of the drug

because its action even in normal Xenopus laevis was quite

equivocal. However, some normal 'control' animals used in

this experiment did develop hypoglycaemia. It could there¬

fore be inferred from this observation that the normal pan¬

creas must be present for the effect of the hypoglycaemic

sulphonylurea compounds to be observed in Xenopus laevis.

SUMMARY

The effects of the hormones (Insulin, Glucagon, STH and

Adrenaline) as well as the effects of the administration

of glucose and the hypoglycaemic sulphonylurea compounds

(Tolbutamide Na and Chlorpropamide) on the blood glucose

level have been investigated on Xenopus laevis. Also the

effects on the blood sugar concentration following chemical

destruction of the pancreatic islet tissue (alloxan effects)

as well as the effects after surgical removal of the pancreas

have been studied. Xenopus laevis was found to be sensitive

to all these hormones and, although equivocal in response,

was sensitive to the sulphonylurea compouds especially after

its blood sugar level has been artificially elevated slightly.
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Alloxan and pancreatectomy all provoked hyperglycaemia

but in the former case a secondary hypoglycaemia developed

about 2k hours after the injection whereas in the latter

case blood sugar levels remained elevated three weeks

after the surgical operation before coming down to normal

values. Regeneration of the pancreatic tissue occurred

about the second and third week after the pancreatectomy

in this experimental animal, Xenopus laevis.
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Chapter 3

GLYCOGEN ESTIMATION

INTRODUCTION

It hets long been established that there '/as a

seasonal variation in the amount of glycogen stored in

different tissues in the amphibia (Athanasiu, l899)« Kate,

1910, found that liver glycogen content in Rana escnlenta

and in Rana tenrocraria was 1k% by November but was only

1% in June. In these species the ovaries showed a constant

glycogen percentage of 2.

Frcg glycogen is known to be similar to rabbit glyco¬

gen with respect to molecular weight, attack by p -amylase,
and type of bond at the branching point (Afanasyeva &

Stepaneko, 1956). It consists of a backbone of <x-

glycosidic residue with a- 1,6 linkages at the branching

point.

In this experiment glycogen levels in liver and in

muscle were determined during the winter months and again

in June. The effect on tissue glycogen reserves after

Pancreatectomy and also after chemical destruction of the

islet tissue, were studied.
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MATERIAL AND METHODS

The animals were killed by a blow on the head and

pieces of the liver and thigh muscles were cut out. The

excised tissues were each weighed out in a boiling tube.

The weights of the fresh tissues used in these estimations

range from 97 to 225 rag. Tissue glycogen was extracted

with 33% KOH followed by ethanol precipitation (Hassid &

Abraham, 1957)• The amount of glycogen present in solution

was estimated by a cclorirr-etrie method based on the form¬

ation of an iodine-glycogen complex described by Clara

ICrisman, 196l. A standard solution of rabbit glycogen was

prepared by dissolving Rabbit Glycogen (BDH) in double

distilled de-ionised water and this was used as a standard

reference solution in estimating the amount of glycogen

by comparison U3iag a spectrophotometer. A fresh standard

solution was prepared for each series cf estimations.

Co.loriec-tric readings were obtained by using simple

glass cuvettes with a 1 cm. light rath at a wavelength cf

46o mp.

The amount of glycogen (in milligrams) was expressed

as a percentage of the excised tissue (wet weight) from

whiell it was extracted for the ana lysis.
*

/In the coeoical destruction of toe pancreas 250 mg/Kg

of alloxan was administered intraperitoneally and the

glycogen estimation on these animals was performed seven

* (3-celIs
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days after the injection. Tissue glycogen was estimat¬

ed seven days after the pancreatectomy.

RESULTS

There was a notable difference in the amount of tissue

glycogen for the winter months (November to February) from

the amount in the summer months of June to July (Table VTl)•
The average amount of muscle glycogen in 10 toads was

0.35% (0.60 - 1.25%) in the winter, but this value was found

to be reduced to 0.28% (0.22 - 0.44%) when similar estima¬

tions were made in the summer. Liver glycogen averaged

3.65% (6.2 - 12.8%) in the winter, 'out was only 1.87%

(I.67 - 2.28%) by June.

Alloxan - Treated Animals: The experiment was carried out

in May. Although the general level of tissue glycogen had

gone down by then it was obvious that the alloxan

destruction of the pancreas had caused a depletion in the

tissue glycogen stores seven days after its administration

(Table VII) .

Panereatoctcnissd Animals: This part of the work was also

performed ir. May. Table VII shews the decrease in muscle

and liver glycogen seven days after the total removal of

the pancreas. This was mere so in the liver glycogen which

was 2.09% on the average in the 'control' animals but only

0.69% in the operated animals.



TABLE VII

TISSUE GLYCOGEN IN XENCPUS LAEVIS

Month of

Experiment

Number and
State Gf the
Animals

% GLYCOGEN IN TISSUES ■

MUSCLE LIVER

Nov. - Feb

June/July

May

May

10 NORMAL

8 NORMAL

6 ALLOXAN

TREATED

3 CONTROLS

k PANCREAT-

ECTCMISED

0.85

(0.60 - 1.25)

0.28

(0.22 - O.kk)

O. lk - 0.03

8.65

(6.2 i 12.8 )

1.87
(1.6? - 2.28)

0.66 - 0.08

0.3C +- 0.06 1.76-O.56

0.1 t 0.03 C.69 - 0.32

k CONTROLS 0.28 - 0.06 2.09 - O.lb

DISCUSSION

The seasonal variation in the glycogen stores in

both muscle and liver which had been reported for other

amphibians was found to occur in Xenbpus laovis.

It is interesting to note that these animals were kept

in a constant temperature environment and should not have

shown much variation in their tissue stores of glycogen.

Whether this variation xvas due to the fact that a differ¬

ent batch of animals from the suppliers was used for the

different periods of observation is not very certain.
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Although these animals could not fully hibernate under
laboratory conditions they still showed this seasonal

variatihon of tissue glycogen levels.

The depletion of endogenous insoilin with alloxan

destruction of the islets and by pancreatectomy should

have been carried out when tissue glycogen levels were

high so as to show more markedly the effects of is3.et

tissue destruction cr of total removal of the gland on

the glycogen reserves.

SUMMARY

It has been demonstrated that there is a seasonal

variation in the glycogen stores of the liver and muscles

in Xencpus laevis. The summer level of liver glycogen was

only about- 21.6% of the winter level and the corresponding

percentage for muscle glycogen was about 33%.

Both alloxan destruction of islet tissue and total

extirpation of the pancreas, as expected, caused a mobil¬

ization of the stored tissue glycogen with consequent

sharp fall in the levels estimated in the muscles and in

the liver. The amount of muscle glycocren present seven

days after pancreatectomy was 36% of the level in the

untreated groups. The corresponding percentage of liver

glycogen was 33%. Seven days after injection with 250mg/kg

of alloxan the muscle level of glycogen was k7% of the level
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in control animals. The Uiver glycogen after alloxan

treatment was only about 33% of the level in a group

untreated animals.
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GENERAL SUMMARY

The endocrine tissue of the pancreas of Xenopus laevis

appears to be made up of four cell types, two of which

correspond to the alpha and beta cells of mammalian

islets of Langerhans by virtue of their staining charc-

teristics- The third type, the agranular cells might

correspond to the *y - and/or $-cells of mammals. It was

not possible to relate the fourth cell type, the argento-

phil cells, to any cells of the islets in mammals.

The scanty and variously shaped islets which were not

very sharply segregated morphologically from the acinar

tissue measured about 30 - 150u in diameter in the histolo¬

gical sections. About equal numbers of a - and £-cells

were present in the islets although occasionally isolated

chords of £-cells were found usually adjacent to pancreatic

due tules.

Electron microscopic examination of the islets revealed

that there was a definite connective tissue capsule around the

individual islets and also that individual granules of the

granular cells have surrounding membranes. These revela¬

tions could not be made under light microscopy.

Glucose tolerance curves obtained were similar to those

of mammals except that here the rate of metabolism was

slower. The effect of hypoglycaeraic and hyperglycaeraic agents

on the blood sugar level were qualitatively similar to

observed effects on mammals and other amphibia, although

a lot of biological variations were encountered.
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Pancreatectomy and alloxan-destruction cf the islets

all led to the development of hyoerglycaeraia and lowering

of the glycogen stores in the liver and in the muscular

tissues.

The for alloxan (3^6 mg/kg) agreed to some

extent with the sensitivity cf other amphibians to this

compound. Xenopus laevis also showed sensitivity to the

diabetogenic activity cf alloxan. Microscopic examination

revealed that |3 -cells were mostly affected; the slight

changes observed in the OL -cells might be regarded as

secondary injury attributable to the chemical injury cf

the CI-cells and tc the reduction in blood supply to the

endocrine tissue.
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