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SUMMARY

1. These studies were aimed at elucidating some of the
endocrinological factors controlling metabolism in the upstream
migrating stage of the life cycle of the river lamprey,'

L. fluviatilis,

2. Both suBtotal and total extirpation of the isiet tissue
has been carried out, Blood glucose levels remain substantially
unaffected in subtotal isletectomy, but in total extirpation of
the islet tissue these rose to a mean level of 283 mg / 100 ml

compared with a control value of 52 mg / 100 ml.

3. Insulin values for totally isletectomised animals 6 days

after operation were about half those of controls,

4, Comparisons of the glucose tolerance curves for intact
and totally isletectomised animals indicaté that the operated
animais.have completely lost the ability to regulate blood glucose
levels and that the return toward baseline vélues after 24 hr

can probably be accounted for by urine losses.

5. The time course of the circulating levels of insulin after
a single injection of glucose indicated significantly elewated
values 8 and 24 hr after injection but not 2 hr after injection.
Significant elevationsof insulin levels were also ob;erved after

twice daily glucose loading for 12 days.
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6. Hyperglycaemia has been demonstrated in lampreys

~ subjected to a reduced oxygen tension of 20% air saturation for
periods of up to 14 dayf:m Maximum blood sugar values were
recorded after 7 days hypoxia (mean 92,1 ¥ 30.9 mg/100 ml)
coﬁﬁared with a mean value of 4,5 ¥ 2,3 'mg/100 ml for controls,
Similar tests over 7 days on hypophysectomised animals failed

to show significant changes in glycaemia.

7. Circulating insulin values were reduced after adrenalin
administration. Marked hyperglycaemia was also observed after

injections of adrenalin.

8. After 7 days hypoxia, slight vacuolisation occurred in
the islet tissue of only a few of the experimental animals, but
at 14 days all showed extensive.hydroﬁic degeneration affecting
the light cells. Equally severe lesions were also seen in all
the hypophysectomised animals after only 7 days‘hypoxia, but did
not appear in any of the control series that had £een hypophy-
sectémised 1-2 months previously and mainta}ned under normal

oxygen tensions.,

9. Measurements of nuclear diameters of islet cells showed
marked increases in nuclear volumes after 24 hr of glucose loading

or after adrenalin injections, but not after hypoxia treatment,

10, Increased nuclear volumes were recorded in chromaffin
tissue in the earlier stages of hypoxia and after glucose loading,

but were not observed in hypophysectomised animals. No nuclear



v) ;

enlargement was seen in the interrenal tissue under hypoxic
conditions, but a slight increase in mean volumes occurred after
glucose loading. In adyﬁnalin injected animals, nuclear
hypertrophy was very pronounced, probably accompanied by

hyberplasia.

11, Glucagon-like immunoreactivity in the intestine has been

confirmed by radioimmunoassay.
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SECTION 1

INTRODUCTION




1. INTRNODUCTION

The cyclostomes, the lampreys and the hagfishes, have
affinifies with the fossii“ostracoderms from the Silurian and
,Dernian sttata; one of the most primitive vertebrate groups.
For this,reasbn they are of great importance to comparative
iendocrinoiogists cqncerned with the origin and evo;ution of

|

vertebrate endocrine systems. Much of the basic physiology of

this class is still poorly understood.

Morphological and physiological differences between the
two groups of cyclostomes, the myxinoids and the lampreys are so
larked that Jarvik (1968), Hubbs and Potter (1971) and Stensio
k1968).have considered the class.to be diphyletic and it may
therefore be difficuit to dréw general conclusions applicable to
both groups, Furthermore, since the cyclostomes have evolved
ﬁloﬁg completely separate lines and are not the éirect ancestors
of the gnathostomes, general conclusions on the evolution of
‘vertebrate endocrine éystems drawn from informationAgained from
the cyclostomes must be treated with some caution, In spite of
this,'the cyclostomes, as nearest extant relatives of the primitive

ostracoderms, may provide some valuable clues to the condition of

- the endocrine system in the earliest vertebrates,

These studies are primarily aimed at elucidating some of
the endocrine factors that control metabolism in the river lamprey,

Lampetra fluviatilis in the upstream migrating stage of its life

cycle,



1 ISLET TISSUE OF LAMPREYS

a) Historlcal

The existence of a swelling at the anterior end of the
intestine of the adult river lamprey was f@rgt noted by Bojanus
(1821). He was not certain whether this tissue was muscular or
“glandular like the pancreas". The presence of this structure
was confirmed by Rathke (1826), The first observations of larval
islet tissue were made by Langerhans (1873) who noted groups of
cells in the intestinal submucosa at the junction of the oesophagus
and intestine, Because of their position close to the bile duct

he considered that they might represent pancreatic tissue.

These cells, subsequently referred to as "follicles of
Langerhans" ,wer@ also considered b; Brachet (1897) to correspond
to islet tissue, This>suggestion was supported by the investigations
of the 1920's (Cotronmei 1923; Boenig 1927; 1928, 1929) which
showed that these cells had a histological appearance which implied
an enddcrine function, = Barrington (1942) de?onstrated that the
cells stained rather feebly with Heidenhain's Azan, but in a way
which showed that these cells ha& broadly similar tinctorial
properties to the B cells of the islet tissue of higﬁer vertebrates,
In this study it was demonstrated that the follicle cells exhibited
vacuolization subsequent to glucose injccﬁions, and hyperglycaeamia
followed cauterization of the follicles. : This provided the first

experimental evidence that the follicles of Langerhans were involved

in the control of carbohydrate metabolism,



Keibel (1927) and Boenig (1929) havé demonstrated that the
glandﬁlike structure of the lamprey is partially derived from the
larvai'follicles of Langerhans, During the 1920's there was

ontroversy as to whether. this tissue was homologous with the
xocrine pancreas (Boenig,1929) or the endocrine islet tissue
(Cptrdnei, 1927). This controversy was résolved by Barrington's
work (1945) which éhowed that the cells of this tissue were
Listologicaily similar to the B cells of the islet tissue of higher
ertebrates and cells homologous with the exocrine zymogen cells

f the pancreas of higher vertebrates occurred in the intestinal

m

pithelium,

Boenig (1929) in his studies on L. planeri, a non-parasitic

species which does not feed at all in the adult phase of its life
cycle, held that this tissue was functionless and degenerate in

the adult, In the same species,Sterba (1955) also noted an
indication of degeneration ir the islet tissue of this species from
the onset of metamorphosis. Ermisch (1966).was not, however, able
té confirm these findings and showed that the structure of the
islet fissue was broadly similar in the adult phases of L. planeri
and L, fluviatilis. This author could find no evidence of

functional degeneration in the adult brook lamprey L. planeri.

b) Development ;

The islet tissue in the ammocoete originates from cells at
the junction of the oesophagus and the intestine, Follicles develop

firstly within the mucosal epithelium which then penetrate the



FIGURE 1.1

Micrograph illustrating relationship of islet tissue (I) to
intestinal diverticula (D) and oesophagus (O)
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submucosa., At metamorphosis this tissue forms solid clumps of

cells which proliferate to form a distinct glandhlar nodule, the
cranial pancreas, lying dorsal to the anterior intestine immediately
adjacent to the pericardial wall (Barringtom, 1972), At thisApoint
the intestine continues forwards for some distance above the caudal
end of the oesophagus,where it breaks up into a series of

diverticula lying amongst, but generally below, the cranial islet
tissue (Figure 1.1). The bile duct, which degenerates at metamorphosis,
gives rise to the caudal pancreas,which is embedded in the liver over
the region where the intestine is attached to this organ and also to
a few intermediate islets in the ventral part of the intestinal

submucosa,

The most extensive study of the histogenesis of islet tissue

has been that of Ermisch (1966) who distinguished four stages:

"'Stage I : Follicles maintain contact with alimentary

epithelium and are not bound by a connective tissue capsule,

Stage IT : Follicles are situated in the loose connective

tissue of the submucosa, A follicular lumen is absent,

'Stage IIT : As Stage II but follicles are large and have

a lumen,

ngge IV : Adult follicles without lumen,

Van Noorden et al (1972) and Van Noord;n and Pearse (1974)
have shown by both Zn vivo and in vitro téchniques that the islet
cells of lampreys take ﬁp and decarboxylaﬁe the biogenic amines
L DOPA and SHT. These cells are thus possessed of some of the

characteristics of the APUD - Amine Precursor Uptake and



Decarboxylaiion series (Pearse,,19681. It has Leen found by
Pearse and his co-workers that many polypeptide secretory
endocrine cells have APUD cﬁaracteristics and this school has |
éroposed that all such cells should be considered to belong to
" the APUD sé;ies. Pearse and Polak (1971) bave reported that
AfUDvliké ceils were present in cﬁick neural crest and in the
imouse embfyb.' . APUD cells appeared to migrate ventrally from
the neural crest to invade the gut and its derivatives,
including the pancreas, These authors ﬁave therefore,
proposed a neural crest origin for all APUD-like cells in the
|gastro-intestinal tract and pancreas, However, since Phelps

‘pancreatic
(1975) has found thatYendocrine cells in the embryonic rat

develop, even after the removal by trypsin of the ectoderm
including the neural groove,prior to fusion of the neural folds,
there is some doubt whether the hypothesis of Pearse and Polak

(1971) applies to the B cells of the pancreas,

cl. Hlstology, Cytochemistry and Electron Microscopy

Cotronei (1927) described "light" and "dark" cell éérds,
“cordoni chiari" and "cordoni oscu;i" in the islet tissue of the
sea lamprey Petromyzon marinus. He suggested that the light and.
dark cells might respectively represent ﬁhe A and B cells of the
islet tissue of higher vertebrates, Bar?ington (1945) failed to
find any evidence for A cells and this was confirmed by Windbladh

(1966) who was unable to demonstrate A cells with the silver



impregnation technique of Grimelius (1964) or Manochio's (1964)
special method for A cells, These negative résults were confirmed by
Ermisch (1966) and‘Morris and Islam (1969a). Applying ultra-
structural techniqueésno ;;ils homologous with A cells were found by
Windbladh (1966) and Van Noorden et gl (1972) and Van Noorden and
Pearse (1974), using immunofluorescent studies, failed to observe

glucagon-like immunoreactivity in the pancreas, although such

activity was found in the intestinal epithelium of adult lampreys.

.The status of the light and dark cells is still a subject
of some confusion. This is parti; due to a doubt as to which cells
should be regarded as "dark" cells.- Ermisch (1966) considers cie
cells, which he calls granular aldehyde-fuchsin neg;tive as
equivalent to the "cordoni oscuri" of Cotronei. Windbladh (1966)
and Morris and Islam (1969a), regard those cells which stain
especially heavily with aldehyde-fuchsin and pseudo-isocyanin as
the répresentatives of the "dark" cells., In this study the latter
convention will be adopted. The "light" cells are distinguished
from those cells by weaker stainiﬁg reaction with aldehfde-fuchsin
and pseudo-isocyanin, The ratio of light to dark cells is about
2 or 3 to 1 in the adult of L, fluviatilis (Windbladh, 1966),

These two different cell types probably represent different
development stages of the B cell (Barrington, 1972). Confusion pf
the nomenclature is compounded by the faét thaf fhefe appear to

be "dark" cells in the follicles of the L. planeri ammocoete.

These are not aldehyde-fuchsin or pseudo-isocyanin positive but are

derived from the connective tissue éapsules (Morris and Islam, 1969a),



During the 1960's extensive histological and histochemical
studies on lamprey islet tissue havé been underiaken, Ermisch (1966)
examined the larval and adult stages of L. fluviatilis and L. planert;
Windbladh has studied th% adult stage of L. fluviatilis, whereas
orris and Islam (1969a) investigated the ammocoete of L. planeri,
These studi;s have shown that the islet tissue of lampgeys exhibit
thé general sfainihg reaction of B cells with Heidenheim's Azan
FPantin, 1946) and -chrome alum!/haematoxylin (Gomori, 1941). The
ore specific histochemiéal stains for insulin, such as dihydroxy-
inaphthyl disulphide (bDD) method for S-S bridges (Barnett and |
eligmann, 1952) and the pseudoisocyanin role method for SS and SH
roups (Schiebler and Schiessler, 1959) are also positive for
amprey islet tissue, .The B cells of ammocoetes of L. planert ‘
stain weakly with these stains (Morris and Islam, 1969a). This
may be interpreted as indicating ; low level of insulin storage
in the B cell, which presumably is adequate to the continuous
requirements of a filter feeder, '
Immunofluorescent techniques have demonstra;ed an insulin-
like immnoreactivity in the ammocoete (Van Noorden et al, 1972)

and in, the adult of L., fluviatilis (Van Noorden and Pearse, 1974).

Windbladh (1966) in her electron microscopic examination
of the islet tissue of L. fluviatilfs has distinguished three
types of cell: granular cells, vesicular' cells, and agranular celis.
)
The granular cells have electron dense gr;nules enclosed by a
single membrane. The diameter (170 mm) and origin of these granules

within a well developed ergastoplasm corresponds well with the B

cell structure of higher vertebrates. Ergastoplasmic whorls are



- found in this cell type and in the vesicular cells, which differ

from the granular cells by having empty membranous vesicules

instead of electron dense granules., These cells may represent
immature B cells in whicQ‘Fbe granules are yet to be synthesized,

or depleted B cells after the electron dense material has been
extfu&ed. Less probably, the vesicular cells may represent a
distinct cell type. Occasionally agranular cells, devoid of
granules or vesicles and with a poorly developed ergastoplasm, but
rich in mitochondria are found., These cells may be undifferentiated

reserve cells,

d) . .Experimental

Barrington's (1942) observations that glucose loading
caused degranulation and vacuoli;ation of the B cell in ammocoetes
has been confirmed (Ermisch, 1966; Morris and Islam, 1969b).
Vacuolization occurred in some adult L, pianeri and L. fluviatilis
after eleven daily glucose injections (up to 8 g / kg). In both
ammocoét;s and adults of L. planeri the term%nal phase of serial

glucose injections was necrosis, but this was not observed in

adults of L. fluviatilis.

Bentley and Follett (1965a) and Morris and Islam (1969b)
found that both adult L. fluviatilis and ammocoetes were capable
of regulating their blood glucose concentrations when injected with

glucose,

The effects of the diabetic agent alloxan was not specific

to B cells but produced general toxic effects in larvae and adults,
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. Bentley ané Follett (1965a) observed hyperglycaemia following
.alloxan administration, but reported that their animals were in poor
condition and felt that their results may have been due to non-
specific.stress. Morris and Islam (1969b) found hyperglycaemia
in the ammocoete after alloxan administration, together with
histoiogical evidence of hypersecretion and necrosis of the cells
of the follicles of Langerhans, Windbladh Biuw (1970) in her
studies on L. fluviatilis observed hyperglycaemia accompanied by
degenerative changes in the islet tissue after alloxan
administration, This study was unable to show any correlatioﬁ
between the magnitude of the alloxan dose and the degree of
hyperglycaemia or severity of B cell lesions. The variability
and non-reproducibility of the alloxan response renders data
obtained from the use of this agent unsatisfactory and both the
hyperglycaemia and the histologiéal degeneration of islet tissue
could just as well be secondary to general "stress" reactions
caused by this agent, as a specific cytoté;ical effect on the

B Cells.

Mammalian insulin is hypoglycaemic it adult L. fluviatilis
(Bentley and Follett,1965a). Liver glycogen was found to be
elevated by these authors but the content of muscle glycogen
remained constant. Ermisch (1966) produced convulsions, presumably
hypoglycaemic, in ammocoetes and in the adults of both L. fluviatilis
and L, planeri by insulin injection, Th; effects of mammalian
insulin on tﬁe histology of the lamprey B cell in Ermisch's study
vere however, variable, Some animals showed an increase in B cell

granulation accompanied by partial cell atrophy and reduction in
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nuclear size, whereas others exhibited B cell degranulation with

i vacuolization and nuclear enlargement. Morris and Islam (1969b)

similarly found no clear cut effect of insulin on ammocoete

follicles but was able to show a fall in blood sugar levels,

 Leibson and Plisetskaya (1968) have carried out extensive studies

on the.ﬁiochemical effecf of insulin but unlike Ermisch (1966)

were unable td'prbdﬁce hypoglycaemic convulsions. This discrepancy
may well be related to the dose of injected insulin. Ermisch (1966)
injeéted up to 300 IU / kg, whereas Leibson and Plisetskaya (1968)
injected up to 60 IU / kg, Leibson and‘Plisetskaya (1968) followed
the time course of the insulin rcsponse., In animals injected with

30-60 IU / kg the hypoglycaemic response persisted for eleven days

but when the dose was lowered to 15-20 IU / kg the duration of

hypoglycaemia was reduced to seven days. These authors found that

insulin had a variable effect on liver and muscle glycogen.

Statistically significant results were obtained in one group of

‘experiments but these were not reproduced in numerous subsequent

trials, Such discrepancies may well be accounted'for by the fact
that ;hese authors failed to take into account the sex of the
experimental animals when ev;Iuating their results in these studies,
In vitro studies (Plisetskaya and Leibson, 1973) have shown that
insulin significantly stimulated glycogen synthetase activity in
skeletal muscle and liver of L, fluviatélis. This is difficult

to reconcile with the apparently small éffects of insulin on tissue
glycogen in vitro but insulin may well play a large part in lipid
as well as carbohydrate ﬁetabolism in vivo and lipogenesis may weli

explain this apparent inconsistency.
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In extracts of islet tissue Rothwell and Fielding (1970)
detected "insulin-like activity" capable of producing hypoglycaemia

in both lampreys and rabbits,

Ermisch (1966) u;{hg a haemag&utination technique was able
to demonstrate the presence of insulin-like immunoreactivity in
the lamprey. Plisetskaya and Leibush (1972) found that bio-assay
techniques (isolated rat diaphragm and epididymal fat pads in rats)
were not sensitive enough to measure circulating levels of insulin-
like activity but that radioimmunoassay was capable of detect-
ing insulin-like immunoreactivity in lamprey blood. This level
was lower in winter and spring than in the autumn, These results
are open to criticism, since, unless it can be shown that mammalian
insulin standards and the lamprey insulin unknowns have parallel
dose—response-curves, quantification of lamprey insulin is difficult,
and the values of unknowns can only be compared with each other if
such unknowns are determined in the same assay run. Injection of
anti-insulin serum raised to mammalian insulin caused hyperglycaemia

in the lamprey.

All these studies are generally consistent with the view
that the B cells in both adult and larval lampreys produce a
substance which is pharmacologically and immunologically similar
to mammalian insulin, This substance has a definite hypoglycaemic'
effect in the lamprey and, it would seem,;a physiological role in

the regulation of carbohydrate and possibly lipid metabolism,
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e)-.Comparlson_wifh Hagfishes

The islet tissue of Myxine forms a discrete organ at the
point of entry of the bile duct into the intestine., This tissue,
like the islet tissue of -lampreys has cells homologous with the B
» cells‘of gnathostomes aﬁd similarly has no A or D cells (Falkmer
and Windbladh, 1964). However, recent eléctron microscopical
studies (Thomas et al, 1973) have demonstrated a rare second
granular cell, whose granules are spherical in shape in contrast

to the elipsoid granules characteristic of the B cells,

The islet tissue of the two groups of Agnatha have tumour~
like cysts (Falkmer et al, 1973; Hardisty, 1976). Immunofluorescent
studies (Ostberg et al, 1975) have shown that most of the cells of
the hagfish islet tissue contain an insulin-like immunoreactivity,
Hagfishes,like lampreys, exhibit hypoglycaemia after injection with
mammalian insulin or extracts of islet tissue from their own species

.
3

(Falkmer and Matty, 1966).

~ Neither isletectomy (Schirner et al, 1963; Falkmer and
Matty, 1966) nor injection of antisera to mammalian insulin
(Falkmer and Matty, 1966) produced hyperglycaemia, The failure of
isletectomy to produce hyperglycaemia has until recently been
thought to indicate the presence of extra-insular producing cells
capable of maintaining normal glycaemia levels, These have been
demonstrated (Ostberg et al, 1975) in the;bile duct glucosa, using
immunofluorescent techniques but the number of these cells was probably
insufficient to maintain normal glycaemia levels after the removal

of the islet organ,
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The study of the chemical structure of hagfish insulin is
far more advanced than that for lamprey insulin, Preliminary
results of amino acid sequence studies show that A and B chains

-

differ from mammalian insulins at about half the positions but
those residues, which as a result of comparative biochemical
studies are considered to be invariant throughout vertebrate

evolution,‘are also conserved in the hagfiéh (Peterson et al, 1973;

Steiner et al, 1973).

It has also been shown that, as in the higher vertebrates,
insulin biosynthesis in the hagfish proceeds via proinsulin

(Steiner et al, 1973).

f) .Evolutionary Perspectives

Insulin;like activity is present in the gut of many
protostomian and deutrostomian invertebrates and in the
hepatopancreas of Carcinus (Falkmer and Patent, 1972) but
invertebrate "insulins" have not been sufficiently characterised
to determine whether they are more similar to insulin or proinsulin.
The gnathostomes have a pancreas consisting of both exocrine and
endocrine tissue, although in many teleosts the islet tissue forms
discrete "Brockman bodies". Thus the cyclostomes represent an
intermediate stage between the invertebrates where insulin
producing cells do not apparently form diécrete tissue and the
gnathostomes.where the endocrine islets are associated with

exocrine pancreatic zymogen cells,
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On reflection there seems to be 0 obvious teleological reason
for the incorporation of islet tissue iﬂto the exocrine pancreas in
higher vertebrates and Henderson (1969) has asked the provocative
question "Wﬁy are.theriélets of Langerhans ?", Janowitz and
Ruddick (1969) have found that glucagon has a significant inhibitory
effect on secretin andfpaqgreozymin-stimulated pancreatic juice in
the dog. They have therefore, suggested that the distribution of
the islets of Langerhans containing glucagon sécretiqu cells amongst
the exoorine pancreatic tissue might facilitate the regulation of
exocrine function by inhibition of pancreatic exocrine secretion.
Evolutionary considerations appear to be consistent with this
explanation, The agnatha do not have A cells in their islet tissues,
nor are the islet tissues intimately associated with exocrine
pancreatic tissues, The gnathcstomes have A cells in the islet
tissue which has also become associated with the exocrine pancreatic
tissue, Thus the formation of true isleéts of Langerhans'and the

appearance of A cells in the islet tissue appears to be linked,

Steiner et ai (1973) have proposed that the primitive mucosal
cell of the digestive tract may have liberated a proinsulin-like
protein, "protoinsulin",‘into the digestive tract., '"Protoinsulin"
was, according to this model, then hydrolysed in the digestive tract
and reabsorbed into the bloodstream from the gut. In the course of
time specialised cells (ancestral B cellF) developed, in which both
the biosynthesis of protoinsulin and th; hydrolysis to insulin took
place. If this model is correct, this mﬁst have happened at a stage of
evolution before that of the ancestral cyclostomes since a fully
functional B cell appears to be présent in both the lamprey and the

hagfishes.
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1.2 INTERRENAL AND CHROMAFFIN TISSUES

(a) Interrenal "=

SE————————————

/

Giacomini (1902) first described interrenal tissue in the

lamprey and this was confirmed by Gaskell (1912).

In ammocoetes and adults; larger groupé of interrenal cells
are found in the pronephric region on the dorsal side of the
pericardium, although in smaller.numbers, they may extend
posteriorly in the mesonephric kidney tissue (Youson, 1972), 1In
the ammocoete the pronephric interrenal tissue ié present along
the ventro-medial surface of the cardinal veins and on the ventral
surface of the aorta, where the§ are often closely associated with

chromaffin and pigment cells.

At metamorphosis the pronephric tubules degenerate, although
the funnels remain intact, This degenerating.tissue gives rise to
adipose and vascularised sinusoidal ;issue in which most of the
interrenal cells are situated, but spme small cell groups persist

along the medial walls of the cardinal veins.,

(Z) . .Development

The embryological development of the interrenal of the
lamprey is broadly similar to that of higher vertebrates (Poll, 1904;
Sterba, 1955). Sterba (1955) recognised the presumptive interrenal

tissue as a thickening of the coelomic epithelium in the angle
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between the mesentary and the somatopleuy in the pronephric region.
This situation was contrasted by Sterba.with that in elasmobranchs,
where the interrenal has receded to the ﬁaudal mesonephros, Although
the majoritonf the intéfrenal cells are of pronephric origin, the
origin of the scattered groups of interrenal cells in the posterior

region is still uncertain (Hardisty, 1972a).

(it) Cytology, Histochemistry and Electron Microscopy

The most conspicuous feature of interrenal cells is the
presence of lipid filled membrane bound vesicles of similar size to
the nucleus which cause them, in Bouin fixed paraffin embeddec

sections, to present a "honcycomb" appearance., The nuclei have a

pronounced chromatin pattern with a centrally placed nucleus.

Cholesterol, phospholipids and unsaturated lipids have been
demonstrated histochemically, but attempés to localise AS 38
hydroxysteroid dehydrogenase have givenvnegative results (Seiler

et al, 1970; Hardisty, 1972a),.

More recentlylsmall amounts of 17a hydroxylase and 21
hydroxylase and 20 desmolase have been demonstrated biochemicélly
and this tissue appears to be able to synthesise ll-deoxycortisol
17a~hyéroxy9rogesterone and an an&rostenedione, but not able to
synthesise cortisol, cortisone, and coréicostérone (Weisbart, 1975;
Weisbart aﬁd Youson, 1976). The interrenal tissue seems therefore,
to be steroidogenic but the spectrum of steroids produced are quite

different from those of the adrenocortical tissues of higher vertebrates,
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The electron microscope structure of the interremal in L, fluvia~
tilis is suggestive of steroidogenic tissue (Hardisty and Baines,
1971), The lipid vacuoles of Liéht microscopy correspond to
liposomes of 8§m diameter which are only faintly- electron opaque,
In addition to these major liposomes, are smaller lipid droplets of
greater electron density, It is probable that the major liposomes

contain precursor material and the smaller droplets secretory material.

The endoplasmic reticulum is agranular and there are free
ribosomes scattered throughout tye cytoplasm, The Golgi apparatus
?s rare and is found in cells with a relatively undeveloped vesicular
structure, This is also true of the mammalian adrenal cortex: the
cells of the zona glomerulosa, whose cells similarly have an
undeveloped vesicular formation; have more developed Golgi bodies
than those of other zones (Sabatini and de Robertis, 1961; Nishikawa,

Murone and Sato, 1963; Idleman (1970). -

Thé mitochondria are elongated and cylindrical, and of varied
internal structure, At one end of the spectrum they have parallel
arrays of narrow tubular cristae, while at the other extreme the
cristae are of an irregular tubular or tubulo-vesicular type and the
mitochondria are elongated with a dense matrix and intramitochondrial

granules,

Thus, the lamprey interrenal présents all the ultrastructural
characterigtics typical of steroidogenic cells, namely an abundant
endoplasmic reticulum, free ribosomes scattered throughout the
cytoplasm, membrane bound lipid vesicles witﬂ tubular cristae and an

electron dense matrix, The relationships between the mitochondria,
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liposomes and the endoplasmic reticulum appear to be those of

steroidogenic tissues of higher vertebrates,

Seiler et al (1970) thought that, since there is no evidence
of steroidogenesis in the interrenal of lampreys, this tissue might
be more akin to the eorpuscles of Stannius than the adrenocortical

tissues of higher vertebrates, but the corpuscles of Stannius
i .
|

xpieéent a completél& different ult;astructural piéture (Oguri, 1966;
Tﬁjta and ﬁonma: 1967), They have a well developed rough endoplasmic
ieticﬁlum and a prominent‘Golgi body; the corpuscles of Stannius
therefore, present a picture which is characteristic of protein

secreting tissues, rather than steroidogenic tissues,

© (Z11)  Distribution and Numbers of Interrenal Cells

Sterba (1955) in his classical study, counted interrenal cells
in‘serial sections on one side of the body of L. planeri, He noted
ﬁarked increases in pumbers during transformation through adult life
until- the spawning stage., For this reason Sterba éoncluded that the
interFenal, under pituitary influence,was involved in the initiation

of metamorphosis.

Hardisty (1972a) failed to confirm these results in L.
fluviatilis, He found no evidence for an increase in cell numbers
between the pre-metamorphic stage and thé macrophthalmia stages and
‘the increase in cell numbers between the macrophthalmia stage and

mature upstream migrating phase was not marked, There was a great

variability in individual cell counts,
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The relative volume of the intertenal tissue of L, planeri
(calculated from Sterba's (1955) data) is very small, 0.04 mg Z
body weight, CoerSponding values in mouse, rat, and man are in
the range of 10 mg 7 anéléb mg 7 and in the guinea pig the value

is about 120 mg 7,

- (iv) Phyatalogical Rale

‘Chester Jones's (1963) report of relatively high levels of
cortisol and cortisone in lamprey plasma has not been confirmed by
the double isotope technique (Weisbert and Idler! 1970), Cortisol
and aldosterone decreased sodium losses in the river lamprey,
whereas sodium losses were increased by aldactone, an aldosteromne
inhibitor (Bentley and Follett, 1962, 1963), These authors have
~also found evidénce for a pituitary-adrenal axis, since mammalian
ACTH also decreases the rate of sodium léss. Cortisol, as the
water soluble sodium succinate salt, increased the levels of blood
glucose and liver glycogen. Single injections of ACTH did not
alter blood glucose or liver glycogen but after daily administration

in gelatine for three days, a decrease in liver glycogen was

observed (Bentley and Follett, 1965a),

Sterba (1955) found interrenal hyperplasia following ACTH
injection in L, planeri and this has been confirmed in the
ammocoetes of P, marinus after repeated injections for seven days

(Youson, 1973),
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vouson (1973) found that daily ACTH injections (1 or 2 IU/animal)
in ammocoetes of P, marinus initiated ultrastructural changes after
two injections, These ultrastructural changes, reduced e

number of lipid droplets and increased the number of mitochondria,

and are strongly suggestive of stimulation of secretion,

Strahan (1969) has demonstrated that lamprey pituitary
extracts have corticotrophic activity when tested in mice, Such
extracts also cause moulting in the hypophysectomised toad

(Larsen and Rothwell, 1972),

Hardisty, (1972b) has carried out quantitative cytological
investigations on the response of the interrenal tissue to
hypophysectomy and various forms of stress in adult L., fluviatilis.
He found some evidence omeperplasfain sham operation, hypophy-
sectomy, light stress, osmotic stress, saline injection and ACTH
injection, In osmotically stressed animais, saline injected animals
and ACTH injected animals, hyperplasia was.accompanied by nuclear
enlargeﬁent, whereas a slight decrease in nuclear size (not

observed in sham operated animals) was noted.in hypophysectonised

animals, Light stress caused a very highly significant reduction

in nuclear size,

These experiments havenot determined cénclusively the
extent of hypophysial control of the intérrenal. Although nuclear
diameters were increased after ACTH injection and decreased after
hypophysectomy, an even larger increase was shown after injection

with isotonic Ringer, and the decrease in nuclear size could be
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. attributed to post-operative hyperplasia. Unlike the ammocoetes
of L, planeri (Sterba, 1955) or P, marinus (Youson, 1973), there
is no evidence of hyperplasia in L, fluviatilis following ACTH
injection, o

The interrenal in lampreys appearé to be involved in the
response to "stress" but the nature of its secretion and the degree

of hypophysial control over its function are problems that remain

to be resolved,

(b) Chromaffin Tissue

The chromaffin cells follow a similar.distributioﬁ pattern
to the interrenal cells with which they are often closely associated
(Giacomini, 1902; Gaskell, 1912; Sterba, 1955). These cells are
very abundant in the heart #nd large blood vessels, The report
(Johnels, 1956) that the chromaffin cells of the heart are
innervated has not been confirmed by electron microscope studies
(Caravita and Coscia,v1966). Dahl et al (19}1) have demonstrated
histochemically, by the Hillarp-Falk fluorescent technique,

that biogenic amines are present in these cells,

The cytoplasm of the chromaffin cells contains membrane
bound granules of a size (10 ﬂm - 30 ﬁm):and shape similar to
those of the adrenal-medullary cells of higher vertebrates

(Ostlund et al, 1960; Caravita and Coscia, 1966).
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Noradrenaline seems to be the prominent circulating

~ catecholamine in the plasma of P, marinus (Mazeaud, 1969),

Determination of catechiolamine levels in lampreys under
normal and stress conditions (Bloom et al, 1963; Stabrowsky, 1967;
Dahl et al, 1971; HMazeaud, 1969, 1972) have shown’ increased

1

adrenalin levels after asphyxia and forced swimming,

Hardisty (1972bj found indications of a proliferation of
the chromaffin cells in response to "stress" which appeared |
concomittantly with interrenal hyperplasia. Intense cytoplasmic
basophilia was also observed in light stressed and, to a lesser

degree, in saline injected or osmotically stressed animals,

(c) "Stress" and Associated Endocrine Interactions

It appears that both interrenal and chromaffin cells are
involved in the response to "s;ress" (Hardisty, 1972b)., Moreover,
'"stress" induces hyperglyéaemia in lampreys (Bentley and Follet,
1965g§ Morris and Islam, 1969b; Leibson and Plisetskaya, 1968).
There is, therefore, an interaction between interreual and chromaffin
tissues, whose secretions are hyperglycaemic, and the islet tissue
vhose product, insulin, reduces blood sugar levels, Such an
interaction is confirmed by Hardisty's (1972b) observation of cyst
formation and fatty degeneration in the ‘islet tissues of stressed

animals,

Plisetskaya and Pozorovskaya (1971) reported increases in

plasma catecholamine levels as a result of insulin induced
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hypoglycaenia, It therefore appears that the islet, chromaffin

and interrenal tissues are all involved in the regulation of

A

carbohydrate metabolism ap@ that any modulation in carbohydrate
ﬁetabolism caused by variation in one of these endocrine tissues
induces a éompensatory response in the others. The extent to which
éther eﬁaocrine organs may be involved in the control of

metabolism is discussed in the next section of this Introduction,
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1.3 OTHER ENDOCRINE TISSUES

(a) The Hypophysis

This section is confined to the hypophysial control of
metabolism and does not include a detailed description of the

embiyology, morphology and cytology of the pituitary,

Larsen (1969, 1973) has shown that the development of the
gonads and of secondary sexual characteristics are inhibited by
hypophysectomy in L, fluviatilis, indicating a gonadotrophic
function, Biochemical and physiological events in the upstream
migrating phase of L, fluviatilﬂsxwhich‘could well be secondary
to sexual maturatiqn also appear to be under hypophysial control,
Thus, the jmobj]isationy.of tissdé from the body wall, the
degeneration of the infeétine, reduction in length,and the
development of a green, bileverdin-—loadéé liver are inhibited by
hypophysectomy, It remains to be determineﬁ whether such
hypophysial control is exerted directly by gonadotrophins,
indirecfly by gonadotrophins through gonadal steroid release; or
by a hypophysial hofmone(s) other than gonadotrophin, Glycaemia
levels, which Larsen found to be constant throughout the spawning

run, was not affected by hypophysectomy,

Hardisty (1972b) has reported that degenerative changes in
the islet tissue in sham operated animals appear to be considerably
greater than in hypophysectomised animals, This could be

explained by a hyperglycaemic tendency in sham operated animals,
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due to catecholamine and interrenal secretion,'consequent to
surgical stress leading to degenerative changes in the islet
tissue, This hyperglycaemic tendency may be reduced in
hypophysectomised animalg, hence the more normal appearance of

the islet tissues of this group, Now it is well known that, in
higher vertebrates the hyperglycaemia of pancreatectomised animals
may be alleviated by hypophysectomy (because of the removal of

the hyperglycaemic influence of ACTH and growth hormone); this is

called the Houssay‘phenomenon. (Houssay and Biasotti, 1931).

-

Militating,to some extent, against this explanation is
Larsen's (1976) report that stress hyperglycaemia was only
élightly reduced in hypopﬁysectomised animals as against intact
coﬁtrols. Similarly the hypoglycaemic response to insulin
injection was only slightly greater in hypophysectomised animals
than in intact control, Thus, Larsen (1976) concludes that
the hypophysis exerts only a slight anti-insulinary effect, but
her studies are open to the criticism that she compared her
hypophysectomised animals with intact, rather than hypopﬁysectomised
controls, her hypophyséctomised animals were subject to surgical
stress as well as the removal of pituitary influences, It
therefore, still remains to be resolved whether or not stress
hyperglycaemia is under significant hypophysial control,

5,
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b) Glucagon-Like Immunoreactivity

Van Noorden and Pearse (1974), using immunofluorescent
techniques, have shown'giucagon-like immunoreactivity in the

cells of the intestinal epithelium of the lamprey.

Assan et al (1969) have found glucagon-like immuno-
reactivity in mammals, birds, reptiles, amphibians, in the
mesenterié extracts ffom the goldfish and the eel, from the
ascidian tunicate Cynthia papillosa, in echinoderms and in
hepato-pancreatic extracts of!m611uscs and the crab, Van Noorden
and Pearse (1976) have found such immunoreactivity in the gut

l

of Amphioxus.

The presence of glucagon-like immunoreactivity in the
lamprey gut would therefore be consistent with the wide

distribution of this activity throughout’ the animal kingdom.,
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1.4 THE AIMS OF THE PRESENT INVCSTIGATION

These investigations are aimed at determining some of the
endocrine factors which influence metabolism in the upstream

migrating phase of the river lamprey. More particularly:

(a) to investigate the effects of cranial, caudal and
total isletectomy on glycaemia levels, glucose tolerance

characteristics, and interrenal and chromaffin cytology.

(b) to investigate the effects of hypoxia, and
adrenalin administration on glycaemia levels, on_interrenal ardi

chromaffin cytology in intact and hypophysectomised lampreys.

(c) to compare the désé - c.p.m. curves for mammalian
standard insulin, with those for lamprey islet extracts in the
radioipmunoassay of insulin and to investigate the effects of
experimental treatment (isletectomy, glucose loading and
adrenaline treatment) on circulating levels of this insulin-like

immunoreactivity.

(d) to confirm by radioimmunoassay the presence of a

glucagon-like immunoreactivity in the gut,



SECTION 2

MATERIALS AND METHODS
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2. MATERIALS AND METHODS

2.1 CAPTURE AND STORAGE OF EXPERIMENTAL ANIMALS

River lampreys were caught below the weir at Tewkesbury on
the River Severn, or were obtained from the screens of the Power
Stations at Berkeley or Oldbury-on-Severn in the course of their
upstream spawning migration, which generally reaches its peak in the
éeriod between October and December (Hardisty and Potter, 1971).
After transport to the laboratory, they were kept in large wire mesh
live boxes, either in a lake or in a rectangular concrete basin,
provided with a recirculation and filtration unit, Experimental
animals were transferred to fibre glass tanks at least ten days
before experimentation and these were held in a cold room at 9-10°C,
All tap water used was dechlorinated By continuous aeration and the
tanks with surgically treated animals were provided witn Eheim pump

filters,

2.2 HYPOPHYSECTOMY

After prior anaesthetisation, hypophysectomy was carried out,
following substantially thé procedure described by Larsen (1965) and
the extirpation of the adenohypophysis waé completed by electro—
cautery, During the autumn and winter, few post—-operative
mortalities occurred, but owing to a greater incidence of fungal
infection, the survival rate was reduced after operations conducted

during the spring.
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2,3 ISLETECTOMY

Prior to operation the lampreys were immersed for five minutes
in a 0,17 solution of MS 222 and where necessary, anaesthesia was
maintained in the course of operation, by pipetting the solution on
to the gill openings., After the animal had been laid in the operating
dish on its right side, covered with a damp cloth, kept cool by ice,
an incision was made on the left side of the body starting directly
in front of, and some 3-6 mm above,. the last gill opening and
extending horizontally backwdards for a distance of about 2 cm in the
liver region (Fig. 2,1), The skin and muscle of the body wall were then
cut through to expose the bod& cavity, On the anterior wall of the
pericardium, the cranial pancreas may be identified as a slight
swelling on the gut, at the point where the latter passes through the
pericardial wall. This was then held in the forceps and trimmed away
from the anterior end of the intestine and adjacent tissues using a
fine pair of irridectomy scissors., To expose the caudal pancreas, the
intestine was separated from the liver by cutting through its point of
attachment to the dorsal surface, ‘The caudal pancreas, partially
embedded in the surface of the liver, could then be identified by
its paler colour and was destroyed by electrocautery. The incision
in the body was closed with a continuous silk suture and the animal
returned to the tank. In the winter, mortality from the operations
was very low and the animals were killed after periode varying from
two to three weeks, but there is no reason to doubt that they wqqld
survive for longer periods, espeéially if fungus infection is
successfully controlled., There were indications that, as with

hypophysectomy, mortality is higher in late winter or early spring
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and at these periods the majority of isletectomised animals

were killed a week after operation.

2.4 GLUCOSE LOADING

In the author's experience, the hyperglycaemic response of
lampreys to injection techniques is less marked when they have
been previously anaethetised with MS 222 ﬁSandoz) immediately
before injection. .Other investigations have shown that this
reagent may safely be used in.experiments on carbohydrate metabolism
in fish, where concentrations are controlled and anaethétisation
is carried out within a brief and standardised time before sampling

(Black and Connor, 1964; Crowley and Berinati, 1972),

In glucose loading experiments, the laﬁpreys, after prior

anaesthetisation for 5 min. in a 0.17 solution of MS22, were
injected intraperitoneally with 100 ng of glucose as 0,2 ml of a
507 solution, For a 50 g lamprey this approximates to a dosage
of 2 g per kg of body weight. Groqés.of animals were killed and
blood samples were -taken at various intervals between 2 and 24 h,
after injection, Throughout the course of the experiments,
control samples were taken from animals receiving an injection

of 0,2 ml of 8,1257 sodium chloride solution, which was equi-
osmotic with the 507 glucose solution. In long term glucose |
loading, animals were injected twice daily with 100 mg of glucose

for periods of 8 to 11 days,
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2.5  ADRENALINE INJECTIONS

-

In experiments involving exogenous adrenaline administrationm,
-the animals were given twice daily, intraperitoneal injections éf
0.1 mg adrenaline hydrogen tartrate as 0.1 ml of a i mg/ml solution.,
Loss of pigmentation generally occurred within a few hours of
injection and became more pronounced with the passage of time,
Beyond three days, the animals were in poor condition and the
majority were killed after 4 days. Control animals were given.the
same number of injections of'lambrey Ringer of the same volume as

the adrenaline injection.

2.6 TECHNIQUE FOR MAINTAINING HYPOXIA

During the period of thé experiment, lampreys were
maintained at an oxygen concentration equivalent to a 207 saturation
with air By employing appropriate volumes of compressed air and
nitrogen, The compressed air and nitrogen were passed through a
series of valves, before being bubbled through a mixing jar,
containing water (Fig.2.2). The valves were then adjusted until the
required ratio of flowmeter readings was achieved, The mixture was
bubbled through dechlorinated water in a large chromatography jar
containing the experimental animals. To reduce fhe pressure
required to maintain an adequate flow rate, the air/nitrogen mixture
was bubbled through several diffuser stones in series, and the
pressure was monitored with a mercury manometer. The concentration
of oxygen in the water.was checked during the experiments by the

Winkler method,
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2,7 . .GLUCOSE ANALYSIS

Blood samples were taken by cutting of the tip of the tail
after prior anaesthetisation in 0,17 MS 222 for 5 minutes., Glucose
analyses were carried out by the Glucose Oxidase-Perid method
(Boehringer). Blood samples, collected in a centrifuge tube, were
spun at 800 g, and 50 ﬁl of the supernatant was deproteiﬁised by the
addition of uranyl acetate solution to make up the volume to 500 ul,
This was then centrifuged at 800 g for 5 minutes and 100 ul of the
supernatant assayed in accord;nce with the'manufacturer's
instructions, The mefhod is capable of an accuracy of 2 37. Since
aliquots of the plasma sample were required for insulin radioimmuno-
assays, duplicate glucose analyses were not routinely carried out.
At the end of the 24 h glucose loading experiments, samples of the
aquarium water were assayed for glucose and the total volume of water

measured, to enable estimates to be made of urinary glucose excretion.

2.8 LIVER GLYCOGEN

Glycogen was determined by a modification of the method of
Krebs et al., (1963). Approximately 500 mg of tﬁe liver tissue was
washed fér 3 min, in ice cold lamprey Ringer and then homogenised in
sufficient acetate buffer (pH 4.5) to give a homogenate of 0,11 mg
per ml, 0.5 ml standard glucose solution was added to 4 ml of
acetate buffer, The following procedure was employed in duplicate

for both standards and homogenates.,
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0.5 ml of the solution was incubated with 0.5 ml
amyloglucosidase (1 mg / ml in acetate buffer, pH 4,5) at
- 55°C for 2 h, 0.2 ml of 0,3 M perchlofic acid was added,
which was neutralised after 5 min by adding 1 ml of 0.6 M
potassium dihydrogen phosphate (pH 7.0). The neutralised
solution was then centrifuged at 700 g for 4 min before
removal of the supernatant for?SSéyby the glucose oxidase

method,

2,9  HISTOLOGICAL TECHNIQUES

For routine examihation, the whole of the body
containing the islet tissue was fixed for 24 hr in Bouin's
solution and after paraffin embedding, sections were stainéd
by the aldehyde-fuchsin technique (Gomori, 1950) in the
modification of Cameron and Steele (1959) or by Pollak's
(1944) trichrome technique., 1In early sfages of the work,
the effectiveness of the surgical techniques w#s checked by
examining serial sections of partially or totally isletectomised

*

animals,
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2,10 ESTIMATES OF ISLET TISSUE. VOLUMES

These were made by serially sectioning the pericardial
and liver region, subsequently tracing the outline of the islet
tissue at intervals of 5 or 10 sections, depending on the size
of the animal, Cut-outs of these areas on drawing paper were
then measured on an automatic area meter (Hayashi Denko, model
AA;-S*) which is estimated to have an accuracy of z 17, The
total volume was then estimated, taking into account the
magnification factors and thé appropriate'intervals between

successive tracings.,

2.1 MEASUREMENT OF NUCLEAR DIAMETERS

Measurements of islet cell nuclei were.made with a Filar
ocular micrometer**. The nuclei were measured at random over the
area enclosed by grid lines superimposed on the microscope field.
Fifty nuclei were measured in each animal and the results
expressed as the mean of the shorteg>and longer diameters.v No
attempt was made to-differentiate between the cells of the 'light'

and 'dark' cords.,

*U,K, Agents: Scientific Dimensions Ltd., Ford House, 54 High St.,
Fordingbridge, Hampshire SP6 1AX. :

** American Optical Company, Buffalo, New York, U,S.A.
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2,12 RADIOIMMUNOASSAY OF . . INSULIN

The kit (IM 78) supplied by the Radiochemical Centre was

used, which contained:
1257 Insulin (not more than10 uCu/1).

Freeze-dried insulin binding reagent

(double antibody).
Human insulin for standards,

" Freeze=dried buffer.

The binding reagent, buffer and human insulin were
reconstituted according to manufacturer's instructions, The human

insulin standard was diluted to 160, 80, 40, 20, 10 and 5 uM/ml.

100 ul aliquots of the standard or unknown were pipetted
into polydystyrene tubes and then 100 pl of binding reagent was
added, The tubes were vortex mixed and then incubated for 45
minutes at 2-4°C. 100 pl iodinated insulin was then added and the
tubes were again mixed and incubated in the refrigerator for

2 hrs 15 mins.

700 ul of buffer was then added to each tube and then each
tube was centrifuged at 1500 g for 25 minutes, The tubes were
carefully removed and the supernatant drained off; The tubes
containing the precipitate of bound insulin and bound iodinated

insulin and bound]iodinated insulin were counted in a gamma counter,
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2.13 RADIOIMMUNOASSAY OF GLUCAGON

The kit, supplied by the Novo Research Institute,

Copenhagen, contained the following:
Porzine glucagon for standard
1251 porcine glucagon
Anti porcine glucagon rabbit serum (K44) non-specific.,

Serial dilutions of the standard glucagon and the unknown

samples wereprepared, 100 ul of the standard or unknown sample

was added to each tube and then 100 pul of antiserum, The tubes
were vortex mixed then incubated in the refrigerator for 20-24 hrs.
The 1251 glucagon was then added and the tube was vortex mixed

and incubated for 20-24 hré. 1.6 ml of 967 ethanol was then

added, The tubes were vortex mixed and then centrifuged for

10 minutes at 2000 g, The supernatant was carefully poured into a
scintillation vial and 10 ml of Unisolve scintillant was added.

The radioactivity was counted in a liquid scintillation counter.
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3. RESULTS

3.1 NORMAL ANIMALS

a) lIslet Tissue Volumes

In both estimates for islet tissue volumes of adult
L. fluviatilis, the caudal component was considerably larger than
the cranial region, although the ratio of the two volumes varied
from 1.9 in one animal to 6,1 in the other (Table 3.1)-In the case
of the individual with the high caudal/cranial ratio, the cranial
tissue was necrotic and the 1a¥ger volume of the caudal region may
therefore be the result of compensatory hypertrophy. The single
estimate for the macrophthalmia stage (a period in the life cycle
after completion of the external metamorphic changes, but before
the onset of downstream migration and feeding) shows that, even at
this period, the caudal islet tissue is larger than the cranial
component, On the other hand, in the two adult brook lampreys
L. planeri, (a species which does not feed after metamorphosis),
there is little, if any difference in the volumes of the two
regions, This may‘reflect the general atrophy which overtakes
the gut of the non-parasitic species during the onset of sexual

maturation following almost immediately upon metamorphosis,
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b) Blood .Glucose

Records for the 1973/74 season, based on 127 animals of
both sexes, gave a mean value of 51.9 2 1.5 mg/100 ml glucose
over the autumn and winter periods, with no detectable upward or
downward trends throughout this time. The mean value for 76 males
(49.8 1.9 mg/100 ml) was below that of the 51 females (55.2 x
2,5 mg/100 ml) but the difference is of only a low order of

statistical significance (t = 1,719, 0.1 P|<0.05).

c) Liver Glycogen

Apart from a single report by Plisetskaya and Zheludkova
(1971), there do not appear to be references to sex differences
in liver glycogen levels., 1In the data for the 1973/74 season the
mean value for 21 females was 141 & 16.1 mg/100 2 compared with
a value of 261 = 20,8 mg/100 g for 17 males, which is statistically

highly significant (t = 4.54, P|< 0.001).
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3.2 COMPARISON OF HUMAN INSULIN STANDARD CURVE

WITH LAMPREY ISLET TISSUE DILUTION CURVE

Lamprey islet tissue extracts (in .00657) saline) were
serially diluted down to 1/32, and the c.p.m, for each
dilution determined by radioimmunoassay. This dilution curve
may be compared with the standard curve, (Table 3,2, Fig. 3.1).
The slope of the standard curve is -0,009139, whereas that for

the islet tissue dilution curve is -0,003943,

The variance of the slope of the standard curve is
4,42 x 10 7 and the variance of the slope of the dilution curve
is 5.52 x 10 7, The slopes of these curves are significantly

different (t = 17.3 P|< 0,001).
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CURVE

TABLE 3.2 (A) INSULIN RIA STANDARD
CONC,

U INSULIN 0.0 5.0 10.0 20.0 40.0 30.0
7813,0 | 7299.0 | 6623.,0 | 6536.0 | 5495,0 | 3745.,0

cpm 7575.0 | 7092.0 | 6757.0 | 6410,0 | 5291.0 ! 3509.0
7753.0 | 7134,0 | 6944,0 | 6239.0 | 543%.0 | 362u4.0
8.9635 | 8,8955 | 8,7983 | 8.7851 | 8,61l16 | 8,2282

In cpm 8.,9326 | 3.6667 | 8,8183 | 8.7656 | 8.5733 | 8.1631
8,9558 | 8,8726 | 8.8456 | 8,7466 | 8,6004% | 83,1953

Meanln cpm| 8,9507 | 3.8783 | 8,8207 { 38,7657 | 8.593 8.1955

Slope = -0,00913
TABLE 3.2 (B) LAMPREY PANCREAS DILUTION CURVE
DYLUTION 1/32 1/16 1/8 1/4 1/2 1/1

4310.,0 | 3953.0 | 3521.0 | 3uu48,0 | 3226.0 | 2976.0

cpm 4115.0 | 33846.0 | 3584,0 | 3389.0 | 3125.0 | 2933.0
4386.0 | 3636.0 - - 2941.0 -
8.3687 | 8.2322 | 8,1665 | 8.1455 | 8,0790 | 7.9983

In cpm 8.3224 | 8,2543 | 83,1842 | 8,1283 | 8.0472 | 7.9838
8.3862 | 8.1986 - - - 7.9865

tlean 1lncpm; 8.3591 | 3,2452 ; 8,1754 | 8.,1369 , 8.0631 | 7.9865

Slope == 0.003943
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3.3 PARTIAL AND TOTAL ISLETECTdMY

a) Blood Glucose

Blood glucose values are available for 22 lampreys of both
sexes which had undergone total isletectomy and were sampled at
periods from 1-3 weeks after operation (Table 3,3).Although there
was a wide range of blood sugar levels, there were no indications
that values increased or decreased with the lapse of time between
operation and blood sampling; In over haif the experimental
animals,the blood glﬁcose concentration exceeded 300 mg/100 ml

and the mean was 283 =~ 17.1 mg/100 ml with a range from 72-383 mg/

.
i

100 ml.

In subtotal isletectomy, removal of cranial islet tissue
was attempted in 14 animals and in this group (Table 3.3), values
varied from 21-69 mg/100 ml with a mean of 42,9 242 mg/100 ml,
Although this is lower than the control value, the differeﬁce is
not statistically significant, After caudal isletectomy, the
range and mean values were rather.higher than in the cranially
isletectomised lampreys (32-85 mg/100 ml.and 51.8 Is5.4 mg/100 ml),
but neither the differences between the means of the two operated

groups nor the comparison with the control group is significant,



TABLE 3.3

L7

BLOOD GLUCOSE AND LIVER GLYCOGEN CONCENTRATIONS AFTER

SUB-TOTAL AND TOTAL

ISLETECTOMY

Intact Controls

Cranial Isletectomy

Caudal Isletectomy’

Total Isletectonmy

BLOOD GLUCOSE mg /
100 ml + S.E.

LIVER GLYCOGEN ng /

100 g + S.E.
(Males only)

N
: +
127 52.0% 1.5
o u2.9% 4.0
12 51.8% 5.4
22 283.0 ¥ 17.1

17

N W

12

261.1 T 20,8

274,93 £ 27.8

59,1 1 12.8

260.2 1 40.3
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b) Glucose Tolerance in Isletectomised Animals

Glucose tolerance experiments were carried out on 24 lampreys
that had been completely isletectomised a week previously. Groups
were sampled at intervals of 2, 8 and 24 h after the initial
injection. At 2 h individual values varied from 762-1650 mg/100 ml
and in four cases exceeded 1000 mg/100 ml., Over the remaining
period the decline in glycaemia levels appear to have been
approximately linear, ;pproaching initial baseline levels and
becoming more uniform at 24 h (Fig. 3.2).‘ Analyses of the water at
the end of the 24 h period indicated losses of about 607 of the
injected glucose, but because of the péssibility of bacterial

breakdown, this is likely to be a conservative figure.

c) InsulinValues

In Table 3.4 the insulin and blood glucose levels for
completely isletectomised and sham operated controls 6 days after

operation are compared,

The insulin determinations for all samples for both treatment
groups were performed in the same assay run but this was a different
run than that for the glucose tolerance and long term glucose
loading data., The mean value of the isletectomised group was 5,7 u/ml
as compared with 11.4 for controls (Table 3.4), The analysis of
variance table (Table 3.5) shows that the difference between the two
treatment groups is significant, It is interesting to note that
the animal\( 504) in the isletectomised groups with the lowest blood

sugar has the highest insulin value.
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TABLE 3.4

COMPARISON OF TOTALLY ISLETECTOMISED (EXPERIMENTAL) AND

SHAM OPERATED CONTROLS - INSULIN AND GLUCOSE LEVELS

EXPERIMENTAL - Mean Insulin
(Upper 95% confidence limit

5.72 pU/ml
8.08, Lower 95% confidence limit = 3,37)

INSULIN ‘GLUCOSE
NO. SEX cpn wU/ml mg/100mL
500 Female 3499.3 .4 3u7
4071.6
501 Female 3853.3 4,92 335
3827.9
) 3642,2
502 Female - - 350
502 ilale 3625.8 5.23 375
3354,.6
3734.7
504 FTemale 3537.1 7.52 218
3717.4
3572,2
505 Male - - 383

CONTROLS - Mean Insulin Concentration =']?.4](Upper 95% confidence
limit ﬁ]4.14uU/ml, Lower 95% confidence limit =|8.71 uU/ml)

INSULIN GLUCOSE
No. SEX cpH uy/ml mz/100ml
510 " Male 3443,7 10.31 38
B 3”’46.”‘ ..
511 Female - - 40
512 Female 3406.0
3382.2 11.01 60
3u2y.1
563 Female - - L8
514 Male - - §5
515 Female 3183.6 14,14 55
3322.2
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TABLE 3.5

ANALYSIS OF VARIANCE

- INSULIN ASSAY -

ISLETECTOMISED ANIMALS AND CONTROLS

) SOURCE D.F. SUM OF s.D. MEAN SQUARE VARIANCE wbﬂHo‘ PROBABILITY
Between Treatments 1 0.043457 0.0434570 22.933 0.00056
Between Animals
(Within Treatments) 5 0,008545 0.0017090 0.902 0.51326
Between Animals 6 0.052002 0.0086670 4,574 0.01440
Residual 11 0.020264 0.0018422
Residual
(Reg. + Unknown) 21 0.0018950
Total 17 0,072266
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d).  Liver Glycogen

In the isletectomised group, only males were present in
adequate and consistent number in the various groups and for this
reason the data on liver glycogen in Table 3,3 refers only to male
lampreys. Mean values for all groups, except the caudally
isletectomised animals are very similar, but.in these the mean is
significantly low compared with either the controls or the cranial

and total islectomised groups.

e) Measurements of Nuclear Dlameters

In lampreys subjected to cranial isletectomy, a
relatively small but significant increase (P < ,02) in nuclear
diameters.was observed in the remaining caudal tissue (Table 3,7),
A much larger increase however, occurred in animals subjected to

removal of the caudal pancreas when compared with the controls
(P < 0,001), and the functional demand imposed by partial
isletectomy appear to be parallelled by other cytological changes.,
Thus, in section stained by the aldehyde-fuchsin technique,
degranulation of the aldehydefuchsinophil cords appeared to be
more marked in the cranial tissue than in the caudal islets after
partial isletectomy, In addition, vacuolisation has been observed
in two cases in the cranial islets of caudally isletectomised
animals, but has not been seen in the caudal tissue after removal

of the cranial component,
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3.4 HYPOXIA

a) Blood Sugar Changes

At or below 202 air saturation at 10°C, the lampreys became
extremely excitable, displaying restless and vigorous swimming
movements accompanied by hyperventilation (see Claridge and Potter,
1975). Even at saturation values down to 107 there was little or
no mortality during a 7 day period and at 207 saturation the
majority of the experimental animals survived a test period of
14 days. Over the first 2-3 days blood sugar analyses showed a
small but significant rise compared with the controls but the
increase in glycaemia levels became most marked between 4-7 days,
when mean values increased from 75.5 = 8.0 mg/100 ml to 92.1 z
6.9 mg/100 ml (Fig.3.3). In-general, blood sugaf levels for males
tended to be lower than those of the females at all time intervals,
but because of the small numbers and the variability in individual
values, these differences were not statistically significant,

A similar (but not significant) sex difference was also present in
the control group, where the mean value for 10 females was 47.7 z
11,9 mg/100 ml compared with 41,5 z 7.5 mg/100 ﬁl for the same
number of males. Since the 14 day hypoxia group consisted
entirely of males, thg apparent decrease in the mean blood sugar

level (Fig.3,3)may therefore be more apparent than real.

Similar tests were also carried out on five lampreys
hypophysectomised 2-3 weeks previously, In their reaction to

hypoxia these animals behaved in a manner characteristic of
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FIGURE 3.3

Blood sugar levels in hypophysectomised and intact lampreys after periods
of hypoxia. —e—e, Intact animals. Vertical lines indicate standard errors.
o, Hypophysectomised animals subjected to 7 days hypoxia.

s, Hypophysectomised animals maintained under normal oxygen tensions.
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hypophysectomised lampreys, lying for the most part motionless on -
the bottom of the aquarium and without the rapid increase in
ventilatory frequency seen in the intact animals under hypoxia., In
this group, the mean blood sugar level after 7 days was 55.0 z 10.4
ng/100 ml, with individual values from 48-73 mg/100 ml (Fig,3.3).
Compared with intact lampreys subjected to hypoxia for the same
period, the différence in the means is highly significanti(P<0,001},
but the value for the hfpophysectomised group is not significantly
different from that of the intact control animals. Hypophysectomy
itself has not been shown to result in alterations in glycaemia
levels (Larsen, 1973) and the mean value for 12 hypophysectomised
lampreys that had been maintainéd in this laboratory for periods

of 1-2 months after operation was 49,8 X 5.4 mg/100 ml, which is

very similar to that of the operated animals after 7 days hypoxia.

b )} .Liver Glycogen

Because of the relatively small numbers of each sex in some
of the experimental groups, liver glycogen values are given asltotals
for all periods of hypoxia from 2-14 days, and there were no
indications of any trends towards changing values with the duration

)
of the experimental period. The values for the two sexes are
presented separately (Table 3,6), Clearly there is no evidence that
prolonged hypergl}caemia results in changes in liver glycogen values,
For hypophysectomised lampreys subjected to hypoxia, numbers were

small and invidual variations too large, to make meaningful comparisons,

but the range of values fell well within those of intact animals.
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. TABLE 3.6

LIVER GLYCOGEN LEVELS IN MALE AND FEMALE LAMPREYS AFTER

~PERIODS OF . HYPOXIA

N FPEMALES N MALES
Hypoxia 18 123.2 + 13.8 12 275.1 + 40.3
Controls 18 140.9 + 12,7 19 262.6 + 20.7

Mean Liver Glycogen mg/l100 g + S.E.
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c) . Htstologtical Changes In lslet Ttssue

After 2-3 days hypoxia, some increase was noted in the
vascularity of the tissue and blood cells appeared in the inter-
lobular areas and within the lumina of the cell cords and follicles.,

Mitoses were frequent within the light cell lobules,

More obvious changes were seen after 7 days hypoxia and
vascularisation became more pronounced (Fig.3.4). In many cases,
the dark cells tended to be afranged in follicles or cords; the
lumina of which were packed with eryfhrocytes. In the majority of
this group there was considerable irregﬁlarity, particularly of
the dark cords, due to separation between the luminal surfaces of |
adjacent cells, in some cases leading to necrosis (Fig. 3,5).
Crevices also tended to develop towards tﬁe centre of light cell
lobules. The nuclear configuration resembled that seen in
hyperplastic islet tissue (Hardisty, 1976) with a very distinct
pattern of chromatin granules and a large, deeply staining central
nucleolus., As in the earlier stages of hypoxia, mitoses were
frequent but confined to the light cells., Vacuolisation was
present in only 3 of the 12 animals examined and was relatively
élight, affecting only a small proportion of the light cells cords
(Fig.3.6), Within this group there appeared to be some correlation
between the incidence of vacuolisation and hyperglycaemia; in the
three animals showing these lesions, blood sugar values were 175,
150 and 129 mg/100 ml compared with-a mean value of 80 = 4,0 mg/100
ml for 16 animals in which vacuolisation did not develop after 7

days hypoxia,
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FIGURE 34

Seven days hypoxia. Vascularisation and follicle development.
Trichrome. X 80.
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FIGURE 3.5

Seven days hypoxia. Necrotic changes in dark cells.
Trichrome X 30.
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FIGURE 3.6

Seven days hypoxia. Slight vacuolisation of light cells.

Aldehyde fuchsin X 80.
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After 14 days hypoxia, every énimal showed vacuolisation
and within one exception, this was so severe that almost all the
light cells were affected and in these areas only the lobular
envelope, cell membranes and nuﬁlei remained intact (Figs. 3.7, 3.8)
The surviving dark cells retained a highly granular cytoplasm
which was intensely aldehyde-fuchsinophil. No mitoses have been

-

observed in this experimental group,

In spite of their failure to develop hyperglycaemia, every
one of the hypoph&sectomised lampreys subjected to only 7 days
hypoxia showed 'hydropic degeneration', which was even more severe
and extensive than in the intact animals after 14 days under
similar conditions (Fig. 3.9). In this group also the surviving
dark cells retained a conspicuously'coarse and dense aldehyde-
fuchsino?hil granulation and few if any, of ﬁhe light cells
escaped vacuolisation. The possibility that these lesions might
be attributable tu the operation of hypophysectomy itself may be
discounted, since no vacuolisation was observed in a control group
of hypophysectomised animals maintained under normal laboratory

conditions for periods of 1-2 months,

d) Interrenal Tissue (Fig. 3.11)

No evidence was found for the involvement of this tissue in
the hyperglycaemic response to hypoxia and in every group from 18 h
to 14 days, the mean diameters of the interrenal nuclei was almost
identical to that of the control group (Ta$1e3.7)dHowever, in

comparison with either intact or hypophysectomised controls,
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FIGURE 3.7

Fourteen days hypoxia. Extensive hydropic degeneration.

Trichrome X 80.
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FIGURE 3.8

Fourteen days hypoxia. Vacuolisation affecting light cell lobules.

Trichrome X 120.
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FIGURE 3.9

Extensive hydropic degeneration in light cells of a hypophysectomised
animal subjected to 7 days hypoxia.

Trichrome X 80.
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significantly smaller nuclei were observed in the hypophysectomised

animals subjected to 7 days hypoxia,

e) Chromaffin Tlssue (Fig. 3.11)

After 18‘hr hypoxia treatment, the mean diameters of the
chromaffin cells showed a very considerable increase compared
with the control group (Table 3,7) énd at 3 days, the difference,
although reduced, was still significanti(PS0,00]) . On the
other hand, after 14 days hypoxia treatment, values were almost
identical to those of the control group. In both the
hypophysectomy control group and also in those subject to
hypoxia, mean chromaffin nuclear diameters were significantly

smaller than those of intact controls (P > ,001),
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FIGURE 3.10

Vacuolisation in light cell of an animal subject to light stress for

7 days.

Aldehyde fuchsin X 80.
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FIGURE 3.11

Surface of aorta with group of interrenal cells (left) and
granular chromaffin cells (right).

Trichrome X 200.
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3.5 ADRENALINE ADMINISTRATION

Adrenaline was administered in doses of 200 ug as 0,1 ml
of a 2 mg/ml solution in lamprey Ringer. Injections of 0,1 ml of
lamprey Ringer were given to the control group. All experimental
animals showed marked de-pigmentation (Fig. 3.12) and hyper-
ventilation, Ventilatory frequency 2 hr after injection was

162 £ 2.3 per min, compared with 88 Is.2 per min for the controls.

a) Glucose Levels

Hyperglycaemia was observed with mean glucose levels of
experimental group 148 2 14.8 mg/100 ml (n = 4) as against
62.8 = 11.9 mg/100 m1 (n = 5) for the control. This was highly

significant (t Z4.54 P < 0.001),

b) Insulin Levels

In spite of the hyperglycaemia, the levels of insulin—like
immunoreactivity appear to be lower iﬁ adrenaline treated animals
than in Ringer injected controls (Table 3.8), and the analysis of
variance (Table 3.9) indicates that this is significant, These
determinations and those for insulin levels in serum samples for
glucose tolerance and long term glucose loading were made on the

same assay run,
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TABLE 3.8

ADRENALINE INJECTIONS (2006 ug) 2 X DAY FOR 3 DAYS

-V RINGER INJECTED CONTROLS

Mean and
GROUP NO, SEX cpm INSULIN Confidence Limits
uU/ml
I 110 Female 6098 26.19
- 581"" \1 - lg lq_
Adrenaline . - tiean = .
Injected 111 dale gggg 15,88 Upper 95% = 23.33
6579 ‘ Lower 95% = 14,94
112 Female 6666 - 16,38
649y
6Ly
113 Female 6173 26,67
5848
5875
11y Female 5833 12,92
7408
7092
II 120 Male 2749 109.68
Controls 121 Male 4975 48,90 Mean = 76,13
4752 Upper 95% = 83,04
123 Male 2954 93.20 ) o -
3497 Lower 95% = 69.2
3311
124 Male 3937 66,04
4048
4525

B [< 0,001
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c) . . lslet Histology

No marked abnormalities were observed beyond increased
vascularity but mitotic frequency was greater than in any other
experimental group., The nuclear volume was enlarged in this

group almost as much as in the glucose loaded animals.

d) Interrenal Histology

Although quantitative measurements are difficult because
of the diffusiveness of this tissue, observations on serial
sections from a number of experimental animals gave distinct
indications of hyperplasia., The increase in nuclear volume of
interrenal tissue was higher in the adrenaline treated animals
than any other experimental.group (Table 3,7) and the differences

are highly significant,

e) Chromaffin Histology

Nuclear enlargement was observed which was statistically

significant at a 57 level (0.02 < P < 0.05).
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3.6 GLUCOSE TOLERANCE AND LONG TERM LOADING TESTS

Two.types of glucose loading tests were employed; a
glucose tolerance test, where glycaemia and insulin 1e§els were
monitored at intervals up to 24 h followiné a single glucose
(100 mg) injection; and a long term glucose loading test, whére
animals received one or two daily injections of glucose for
period of 8-11 days. In both cases control animals received
similar number of injections of the same volume and osmolarity,

as the controls,

a) . Glucose Tolerance Tests

()  Glucose Levels

In glucose loading tests on 77 intact lampreys (Fig.3.2).
maximum blood glucose values were usually recorded within two
hours of an injection of 100 mg glucose and at this point,
individual animais showed considerable variability in blood sugar
levels. At 24 h values were however, much more uniform and
approached normal control levels., Analyses of the water in which
the test animals had been kept, showed that maximum glucose losses
occurred within the first two hours, but over the whole 24 h period -
these losses accounted for only about 0,57 of the injected

glucose,



76

(77) Insulin Levels

Insulin values were determined at periods of 2, 8 and 24 h
following a single glucose injection (100 mg as 0.2 ml of 507 glucose).
Insulin levels were also estimated at the same periods following a
single control injection of 0,2 ml of 8,1257 saline., Two hours after
a glucose injection, insulin values did not differ significantly fron
the control group (Table 3,10, Fig, 3.13), However, after 8 and 24 h
insulin values were elevated to mean levels of 46.5 and 42.9 yU/ml
respectively (fables 3.11, 3;12). All thése determinations were
performed on the samé assay run and therefore coﬁparisons between
them are valid (see page 99). Comparisons between the raw c.p.m. data
for each of the experimental groups is given in the analysis of
variance tables (Tables 3.13, 3.14, 3.15). Tﬂese show a highly
significant difference between the experimental and control groups
at 8 and 24 h after injection, but 2 B after injection the variation
between individual animals within each group is greater than the

differences between the two treatment groups,

(217) Islet Tissue Histology

Animals killed 24 h after a single glucose injection showed
marked degranulation, as judged by the diminished intensity of
aldehyde=fuchsin staining of the dark cell cords (Fig. 3.14).

Stimulation of cell division was also evident in the light cells,

Nuclear diameters increased from 6.31 = 0.04 yM (n = 150) to
6.81 : 0.03 uM (n = 250) which is statistically very significant

(P < 0.001) (Table 3.7).
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TABLE

3.10

2 HRS GLUCOSE TOLERANCE

78

GROUP

NO.

SEX

INSULIN
uU/ml

Mean and

m———

Confidence Limits

I

Glucose
Injection
(2 hr)

130

Female

5556
5681
5714

33.44

131

Female:

5556
5376
5435

- 36,42

132

Male

5650
5313
5435

36.20

133

Male

6173
6173
5474

25.50

134

Female

5474
5435

5682

33.17

II

Saline
Cont,
(2 hr)

150

Female

5435
52391
5376

38.21

151

Female

5236
4975
5405

41,62

153

Female

5405
5814
5417

- 32.84

154

Female

5618
5650

36.30

P < 0,05

Hean
Upper 95%

Lower 95%

Mean
Upper 95%

Lower 95%

n

33.05
35.46
30.65

36.33
39.00
33.67



TABLE

3.1

8 HRS GLUCOSE

INJECTION

79

GROUP

NO.

SEX

cpm

INSULIN
uu/ml

Mean and

Confidence Limits

I

Glucose
Injection
8hr

135

Female

4302
5025

51.67

136

Female

5556
5556
5618

34,01

137

Male

4785
4831
4975

49.00

138

Male

4739
5291
5000

45.85

139

Male

4595
Buuy

57.04

II

Saline

Controls
8hr

155

Male

5263
5239
5464

39.15

156

Female

Su9y
5291
S741

35.72

157

Male

5314
5988
6024

30.32

158

5988
5747
6173

24,55 ¢

P > 0,001

Mean
Upper 95%

Lower 95%

Mean
Upper 95%

Lower 95%

46.46
49,63
43.3

33.15 -
36.19
30.12



TABLE 3.12

24 HRS GLUCOSE TOLERANCE

80

GROUP

NO.

SEX

cpm

INSULIN
uU/ml

Mean and

Confidence Limits

Glucose
Loaded
24hr

140

Male

5780
6060
5644

29.2

14l

Male

4630
4785
4605

53.33

142

Male

5128
5241

41.u8

143

Hale

4879
4950
5025

47.05

II

Saline
Control
24hr

160

Female

6024
5291

30.00

161

Male

5128
4830
5025

46,12

162

Female

64 9l
6250

19.43

163

Hale

5882
6000
5780

27,72

16

Female

5555
5917
571Y4

31.10

P > 0.0001

Mean = 42,88
Upper 95% = 45,46
Lower 95% = 41,30
Mean = 31.82
Upper 95% = 34,14
Lower 95% = 29,51
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FIGURE 3.14

Comparison of islet tissue from saline injected control (upper)
with degranulation of dark celis after 8 hr single glucose

injection (lower).
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In geﬁeral, the measurements of nuclear diameters of islet
cells does not differentiate between cecll types, and represents
therefore a random mean of both light and dark cells, Separaté
measurements have, however, been made of the nuclei of both light
and dark cells in séctions stained by the aldehyde-fuchsin
technique, both in saline injected control animals and in others
killed within 24 h of receiving a single glucose injection of
100 mg, These measurements demonstrate the larger size of the
nucleus in the light cells, .but show that both cell types respond

to glucose loading (Table 3,16).

Although in most caées the da?k and light cells appear to
be present in roughly equal proportions, this is not reflected in
the data in Table 3.16, where the overall mean value for the
nuclear diameters of both types measured indiscriminately does not
fall, as éxpected, approximately mid-way between the values for
the lighf and dark cells recorded separately., This apparent
discrepanéy is almost certainly due to the fact that the two sets
of measurements include animals not common to both series and it has
been the experience that there are often quite large individual
differences between animals, which do not appear to be relafed to

body size or sex.
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TABLE 3.16

MEAN NUCLEAR DIAMETERS ( u ) OF DARK AND LIGHT ISLET CELLS

IN NORMAL AND GLUCOSE LOADED ANIMALS ( SINGLE INJECTION)

N ' DARK | N LIGHT N |ALL CELL TYPES

Glucose |, | g 33 4+ 0,04 | 4 | 6.89 + 0,04 | 4 | 6.81 + 0.03
Loaded - - -

Controls 3 5.98 + 0,04 3 6.4k + 0,04 3 6.31 ha 0.03
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(iv) Nuclear Diameters of Interrenal and Chromaffin Cells

The nuclear volume of the int;rrenal cells was slightly but
significantly (P|< 0.001) increased 24 h after a single glucose
injection (100 mg) as compared with saline injected controls; for the
glucose injected animéls the mean nuclear diameter was 5,87 =
0.05 uM, compared with 5,60 A 0.005 uyM., These means were calculated
from observations on 4 Qnimals (20 measurements per animal). A
considerable nuclear englargement was also noted in chromaffin eells
after the same treatment, for the experimental group the mean
nuclear diameter was 6.91 = 0,10 uM, as compared with control nuclear
diameter of 6,25 A 0,07 pyM, These were from observatiqps on 4
animals (20 measurements per animal). The differences between the

means is statistically highly significant (P < 0,001),

b) Long Term Glucose Loading

(2) Insulin

The glucose loaded animals (injected twice dailyiwith 100 mg
glucose for 12 days) exhibited cons;derable elevation in circulating
insulin levels, (84,3 uM/ml) as compared with the saline injected
controls (mean 31.3 uM/ml) (Table 3.17). These determinations were
performed on the same assay run as that used for estiﬁation of
insulin levels at various time intervals after a single injection
;nd therefore this data is comparable. The analysis of variance on
the raw c.p.m, data also indicates a highly significant difference

between the two groups (Table 3,18).



TABLE  3.17

88

GLUCOSE LOADED 2 X DAILY FOR 2 DAYS (100 mg) AGAINST

0.8125% NACL LOADED 2 X DAILY FOR 12 DAYS (0.2 m1)
Mean and
INSULIN -
GROUP NO. SEX cpm ui/ml Confidence Linmits
I 80 Male 1485 101.55
Glucose 1416 y gl 28
Jjean = .
Loaded 8L |- Female 3734 70.19 .
2924 Upper 95% = 113.7
82 Female 4785 | 102,17 Lower 95% = 54,86
3356
83 Aale 3355 70.14
3934
8L Female 6093 20,43
5536
85 Male 2398 131,13
2200
11 90 Hale 6098 - | 37.39
NaCl 6173
Controls 91 Male SYEL 28,43 ean = 31.39
6029
6048 Upper 95% = 48.24
92 Male 6536 16.61 Lower 95% = 15.57
6538 .
93 Male 53u8 39,09
5050
5587
9y Female 5263 43,97
4926
95 Male 5618 24,47
6173
6435

P > 0.001
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(21) Histology of Islet Tissue

In a group of animals subjected during December to a twice
daily injection of 100 mg glucose for periods of 3-11 days, the
increase in nuclear diameters of the islet cells was slightly less
than in the animals receivirg only a single glucose injection
(Table 3.7).

Out of a total of 7 arimals treated in this way,

three showed extensive vacuolisation of the islet tissue,
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3.7 RADIOIMMUNOASSAY FOR GLUCAGON IN ISLET TISSUE

AND INTESTINAL EXTRACTS

Extracts of cranial islet tissue (Islet 1 and Islet 2) and
the intestine from the pericardio-hepatic region (FGl, FGZ)
from two animals (Animal 1, Animal 2) were prepared in 1 ml

of 0,65 saline,

The standard curve and the unknown c,p.m. are presented in
Table 3,14 and the standard curve is illustrated in Fig, 3.15.
The results clearly indicate the presenteof glucagon—like immuno-
" reactivity in both the "islet tissue'" and the intestine, although
no attempt can be made at quantification, as the unknowns are
more concentrated than any of the standards. The presence of
glucagon-like immunoreactivity in the cranial islet tissue seems
anomolous but it is not possible to separate completely by
dissection the cranial islet tissue from the epithelium of the
intestinal diverticula and the glucagon-like immunoreactivity
apparently present in this tissue could well be due to contamination

from the tissues of the anterior intestine,
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TABLE 3.19

. 93

GLUCAGON IMMUNOASSAY

DOSE

cpm

MEAN cpm

LOGy g
MEAN cpm

STANDARD

0.05

1555.5
1552.4
1434.6

1514

3.180

Jd

1451.8
1475.4
1587,7

1505

3.176

0.2

1517.5
1467.6
1547,6

1510

3.179

1610.3
1623.9
1604.1

1613

3.207

1701.0
1629.6
1709.2

1680

3.225

1704.4
1754.3
1760.8

1740

3.241

18u47.5
1827.4

1862

3.270

UNKNOWN

FGl

2057.4
2065.2
2156,3

2086

~3.319

FG2

4262.6
4266.8
4098.4

4209

3.624

Islet 1

2531.6
2149,2
2542.6

2408

3.382

Islet 2

2236.4
2119,5
2074,3

2143

3.331




SECTION 4

DISCUSSION
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4. DISCUSSION

4.1 ISLET TISSUE VOLUMES

Both in absolute volume and in relation to body weight,
the islet organ of the two cyclostome groups is remarkably
similar (Table4,}), In Myxine, the total weight of islet iissue
dissected from 347 animals with body weights of 40-50 g has been
given as 0,76 g (Falkmer and Matty, 1966), representing an
average of 2.2 mg per animal, Thus the ratio,-islet tissue mg/100 g
body weight, must be about 4.8, which is very similar to the
figures obtained for L. fluviatilis and L. planeri. A similar
ratio has also been reported for the principal islets of the
teleost, Cottus scorpius (Falkmer, 1961), These values are
much higher than the approximate ratio of 0.8 derived from data
on the total volume of the islets in the pancreas of the 480.day
rat (Hellman et al., 1964) but are similar to the ratio of 4.8
for human islets at the age of 21 (Ogilvie, 1937). Such |
comparisons are all the more remarkable, bearing in mind
difference in metabolic rates and low carbohydraféxcontent of
the cyclostome diet., Since it is likely that the proportion
of Bcells in the cyclostome islet tissue is at least equal to,
if‘nof greater than, in mammals, it must be presumed either
that the insulin secretory pbtency of the lamprey and hagfish
B cells or the sensitivity of the target organs is lower than in
the rat, or alternatively that this hormone plays a larger part

in some aspects of metabolism other than that of carbohydrates.
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For example, the suggestion has been made that in the lower
verfebrates insulin may play a primary role in protein

metabolism (Tashima and Cahill, 1963) and evidence has been
obtained that this hormone is involved in the metabolism of

lipids in teleosts (Minick and Chavin, 1972; Lewis and Epple,

1972).



97

4.2 LIVER GLYCOGEN

In both the author's own experience and that of other workers,
liver glycogen values in river lampreys teﬁa to show extreme
variability., While, to some extent this may be due to the techniques
involved in sampling and more especially, hahdling,\anéesth;etisafion
or temperature, a major factor is likely to be the decline in
glycogen reserves_that normally accompanies the prolonged starvation
during the migratory period. Thus, by the time of spawning, liver
glycogen reserves have been found to be almost completely depleted
(Bentley and Follett, 19653) and for this reason considerable
individual variability would be expected, depending on the period
that has elapsed since feeding ceased and on the degree of sexual

maturity. .

) Except for a single report (Plisetskayé and Zheludkova,
1971), determination of liver glycogen levels in river 1amprey§

" (Bentley and Follett, 1965a; Leibson and Plisetskaya, 1968;
Plisetskaya and Leibush, 1972) have not distinguished between the
séx of the experimental animals., However, the vaiues reported
independently by Plisetskaya and Zheludkova (1971) are very similar
to those reported here. Thus the mean glycogen content of male
lémptey liver was 236 b 21 (compared with 261 b 21 reported here)
and for the females 150 - 20 (compared with the value of 141 = 16
obtained in this work) (Plisetskaya, personal.communicatioﬁ).
Plisetskaya and Leibson (1973) have also féund that the glycogen

synthetase activity is significantly higher in females than in

males, Thus, the rate of utilisation of hepatic glycogen reserves
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appears to be greater in the female, because even though glycogen
synthetase actiyity and therefore, the rate of glycogen bio-
synthesis 1is greater in females, the hepatic glycogen reserves

appear to be lower,

In view of these findings on sex differences in liver
glycogen values, pooling of results from both sexes céuld-give
rise to spurious results should there be Qide variations in the
proportions of the two sexes in various experimental or control
groups, Moreover, the situation may Be further complicated by
sex differences in liver weight relative to body weight and by
differences in the liver lipid levels of males and females

(Larsen, 1973; Bentley and Follett, 1965b; Moore, 1975).
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4.3 COMPARISON OF THE RADIOIIMMUNOASSAY STANDARD

CALIBRATION FOR HUMAN INSULIN WITH THE

DILUTION CURVE FOR LAMPREY ISLET TISSUE EXTRACTS

Comparison of the slopes of these two curves reveals that
although there is cross reactivity between the two types éf
insulin, the immunological properties of human and lamprey
insulin are different and this renders quantification of the
circulating lamprey insulin very difficult. The calibration
curve hés little meaning, but the raw c.p.m. data for each of

the samples can be compared by analysis of variance.

Insulin values have also been given, although they do
not mean much in absolute terms, significant differences
between serum samples can be detected in any single assay
run. Thus, one can say that a value 9£ 25 uU/ml is higher
than 15 pU/ml but one cannot say the the difference
(apparently 10 pU) is equal to the difference between

45 yU/ml and 35 pU/ml.
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4.4 EFFECTS OF ISLETECTOMY

Differences in cytological and physiological fesponse to
sub-total isletectomy, affecting either the caudal or cranial
region, are readily comprehensible in.the context of the relative
volumes of the two regions, and there is at present no_iﬁdication
of cytological differences, other than the %requent occurrence

of cysts and other lesions in the cranial islets (Hardisty, 1972b§

1976).

a) Blood Sugar and Histology of Remaining lslet Tlssue

The fact that normal or near normal blood glucose levels
are apparently maintained in the fasting river lamprey when either
the cranial or caudal islet tissue alone is removed, suggests that
at this period in the life cycle, the total insulin secreting
capacity of the islet tissue may be more than equal to the
physiological demands of the tissue, This suggestion is reinforced
by the fact that, after 12 days glucose loading both histological
observation (vacuolisation in only 3 out of 7 ahiﬁals) and
biochemical evidence (insulin levels very high except in one animal)
agree in the conclusion that the islet tissue is not in an
advanced state of exhaustion,

Removal of the caudal islet tissue gave a rather higher
mean value for blood glucose concentration compared with t;;
cranially isletectomised group, although the difference in the

means is not statistipally'significant. Such a result would,
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however, be consistent with the view that the larger caudal islets
have greater insulin secreting capacity than the cranial component,
This conclusion is supported by the degranulation observed in the
cranial region after caudal isletectomy an& by the more marked
increases in nuclear volume in response to this form of sub-total

isletectomy.

b) Insulin

Six days after total isletectomy, a significant dimunition
in levels of insulin-like immunoreactivity is observed. If the
secretion of insulin-like immunoreactivity is confined to the
islet tissue the question arises as to the source of a detectable
amount of this activity in the blood after removal of the islet
tissue, Two possibilities may be suggested. In the first place
there may ex®st extra insular tissue capable of secreting ins:lin,
perhaps in the scattered intermediate cords or even in the
anterior intestine or its cranial diverticula, Alternatively,
the rate of inactivation of circulating insulin~m§yrbe slow. In
fact the data would be explicable if a "half-lifé" for insuiin,of
‘about six days is assumed. Such an assumption tends to be supported
by the course of the insulin response to glucoée loading, where the
insulin level after 24 h is still almost as high as the insulin
concentration level observed after 8 h, A long half life for
insulin is alsovconsistent with the data of Leibson and Piigetskaya
(1968) which shows that the duration of thekhy1x3g1ycaemic response
to insulin was 7-11 days. This prolonged response is in fact

typical of lower vertabrates generally.
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¢) Glucose Tolerance

The large individual variations observed in blood sugar
levels; especially in the early periods after a singlé injection
of glucose might be attributed to a number of factors, among them
the rate of uptake of the injected glucose into the extra=
cellular compartment, the intensityofinsulin secretion, the rate
of metabolism of glucose, the storage of glycogen in the liver or
the rate of renal excretion of glucose. Like the teleosts, the
lamprey shows a much lower tolerance to glucose than the mammal
and this has been attributed to either low rates of insulin
secretion or to the low carbohydrate diet (Ince and Thorpe, 1974),
In the intact lamprey, urine losses are not an important factor
and both our estimates and those of Bentley and Follett (1965b)
put these at between 0.5 and 2,07 of injected glucose; much

lower than the estimates of 10-157 in the hagfish (Falkmer ard

Matty, 1966).

Assuming that the whole of the injected glucose is
distributed initially in the extracellular phase and neglecting
any losses in the urine, it may be estimated that in a 50 g |
lamprey with an extracellular fluid volume of 227 (Morris, 1972)
the glucose concentration might be raised by about 900 mg/100 ml
above the baseline values; a level far in excess of those
observed in glucose loaded intact animals., Allowing for a bpaseline
level of about 280 mg/100 ml, this correspond§ quite closely to
the kind of values obtained in isletectomised animals within 2 h

of injection., In view of the extent of glucose losses to the
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ambient water and the absence of any‘indication of increased

liver glycogen concentrations; it is reasonable to suppose that
the totally isletectomised lampreys ﬁave substantially lost their
normal capacity to regulate blood sugar concentrations., In the
larval lamprey; the kidney threshold for glucose has been given

as about 80 mg/100 ml (Morris and Islam; 1969b) but the lower
rates of glucose losses in the intact gluco;e loaded river

lamprey indicate much,higﬁer th:esﬁéld values at this stage of the
life cycle., Such differences might well be related to the
extensive modification in renal structure that occurs during

metamorphosis (Morris, 1972).

Indeed, the fact that totally isletectomised lampreys
were able to maintain blood sugar levels of around 300 mg/100 ml
for periods of up to three weeks after operation suggests that
threshold values for glucose proably approximate to this
figure, However, in both intact or isletectomised lampreys,
differences in renal exeretion rates may well be an important

factor in the variability of blood sugar values.

d).. Comparison with Myxinoids

A recent review of the histophysiolog& of the vertebrate
islet tissue (Epple and Lewis, 1973) has emphasised the dangers of
extrapolating from conditions in mammals to those of the lower
vertebrates and especia11y in.assuming pancreatectomy must

invariably result in diabetesmellitus; a situation that apparently
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applies generally only to anurans, reptiles and mammals. In
the chondrichthyes, teleosts and birds, the outcome of
pancreatectomy varies considerably and there appears to be no
close correlation between the percentage of B cells in the
islet tissue and the development of permanent hyperglycaemia.
While it is true that functional cell types other than B cells
have not as yet been identified in cyclostome islet tissue, in
Myxine a second type of granular cell has recently been observed
in electron micrographs (Thomas, et al, 1973). Until the
functional significance of this cell type has been cla;ified,
it would be unwise to specdlate on the reasons for the marked
differences between the two groups of cyclostomes in their

response to isletectomy.
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4.5  GLUCOSE LOADING

a) Histology

Vacuolisation of B cells after glucése loading has been
reported in a number of teleost species (XKhanna and Mehrotra, 1969;
Khanna and Rekhari, 1972; Bhatt, 1974). It has also beén'observed
in the islet tissue of larval lampreys follwing glucose injections
(Barrington, 1942; Ermisch, 19665, but significantly was not
reported by the latter author in the adult stage of either L. planert
or L, fluviatilis, even when they were subjected to daily glucése
injectiqns over periods of up to 11 days. In both ammocoete and
adult of L, planeri, the terminal phase of serial glucose injection
was necrosis, but this was not seen in the adult of L. fluviatilis.
In these experiments an the river lamprey, necrosis did not occur
after daily glucose injections over a period of 8-11 days and
vacuolisation was observed in only three out of seven animals.
These differences in response to glucose loading between adult and
ammocoete, or between specieé, may reflect differences in the
insulin secreting capacity of the B cells or even-in the relative |

volumes of active tissue,

bl . Plasma lnsulin Levels

The measurements of plasma insulin-like immunoreactivity

-

after a single glucose injection and after long term glucose

loading indicate that this activity is released after glucose

load, and confirms the results obtained from histological studies
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that when in the fasting stage of the animal's life cycle, the
islet tissue retains its ability to respond to a glucose load.
The B cells seem to retain the ability to secrete even after 12
days loading, as with one exception out of six, there appears to
be no biochemical evidence of ‘exhaustion'. The time course of
the insulin response to glucose injection reveals no significaﬁt
elevation at 2 h but significant elevation at 8 h and 24 h,
which is consistent with glucose tolerance curves which showed

a maximum at 2 h and gradually, most probably under the influence

of insulin, fell towards baseline levels at 24 h,

Plisetskaya and her éo-workers have not been able to show
any significant change in insulin-like immunoreactivity in
response to glucose, even though the glucose dose (4 gm/kg) and
the time after injection (3} h) were very siﬁilar to those which
were employed in this study (Plisetskayaand Leibush, 1972;
Plisetskaya, personal communication). The reason for this different
result in the two different laboratories is mot clear but possibly
these workers did not estimate the insulin in the serum samples
on the same.assay run, or possibly did not have an antiserum as

sensitive to lamprey insulin as the one used in this study.
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4.6 HYPOXIA

The physiological and behavioural responses of the lamprey
to hypoxia‘are strongly suggestive of heightened chromaffin tissue
activity, Increases in heart rate, intense motor activity and
hyperventilation have also been recorded in teleosts under
catecholaminé stimulation (Serfaty et al., i964; Waiténegger
and Serfaty, 1967; Pickford et al., 1971). Analyses have been
made of catecholamine levels in‘the heart tissue and blood of
lampreys, both under normal and stress conditions (Bloom et al.,
1963; Stabrovsky, 1967; Dahl et al., 1970; Mazeaud, 1969, 1972).
In L. fluviatilis, asphyxia was found to increase the adrenalin
content of the heart and skeletal muscle, while forced motor
activity decreased heart concentrations, but increased hormone
levels in the liver (Stabrovsky, 1967). In the same species,
deficient aeration or transport of animals out of water, elevated
blood adrenalin levels, particularly in the male (Plisetskaya and
Prozorovskay, 1971), although in the sea lamprey, Petromyzon marinus,
concentrations of adrenalin were found to be twice as high in the
females as in males (Mazeaud, 1969). This last ogéervation is of
particular interest in view of the trend towards higher blood sugar
levels in female river lampreys exposed to hypoxia. 1In P, ﬁarinus,
forced swimming increased adrenalin levels by a factor of about 8,
but in animals with severe skin damage, blood concentrations were

about 19-20 times higher than in controls (Mazeaud, 1969, 1972).

In view of the increases observed in the nuclear volumes of
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chromaffin cells under hypoxic conditions, the involvement of this
tissue may be safely assumed, but it is difficult to decide how far

the hyperglycaemia is a direct result of reduced oxygen tensions or

is an indirect consequence of the hyperagtivity associated with
hypoxia, Characteristically, both in teleosts and lampreys,

exogenous adrenalin evokes a rapid, but often transient hyperglycaemia,
developing within a few hours (Young and Cha;in, 1963; .Mazeaud, 1964;
Bentley and Follett, 19653; Banerji and Ghosh, 1973; Thorpe and

Ince, 1974), On the other hand, in hypoxia treatment, hyperglycaemia
in the lamprey developed only gradually, taking 7 days to reach
maximum values., This appears to differentiate this condition from
the usual ‘'stress' or ‘'asphyxial' hyperglycaemia in teleosts and
lampreys, where the elevation in blood sugar concentrations 1is usually
very rapid, attaining maximum levels within only a few hours

(McCormick and Macleod, 1925; Simpson, 1926; Menten, 1927;
Al-Gauhari, 1958; Black and Tredwell, 1967; Leibson et al., 1969;
Chavin and Young, 1970; Plisetskaya et al., 1971; Tandon and

Joshi, 1973).

The absence of a close correlation betweén*the degree of
hyperglycaemia and liver glycogen levels that has been noted in some
studies of 'asphyxial' hyperglycaemia in teleosts, has been
attributed to variations in;nutritional.status and liver glycogen

reserves (Menten, 1927; Nakano et al., 1967). Since, during the

migratory period, liver glycogen levels in the river lamprey are

notoriously variable and subject to continuous depletion, similar
factors may explain the failure to find evidence of liver glyco—

genolysis in the present experiments, However, since exogenous
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adrenalin is reported to decrease muscle, but not liver glycogen,
in the lamprey (Bentley and Follett, 1965a), mobilisation of
carbohydrate‘reserves in the musculature of the body wall may be a
major factor in the maintenance of hyperglycaemia in the fasting

river lamprey.

Interpretation of the possible role of insulin under hypoxic
conditions is difficult to evaluate, particularly in view of the
absence of changes in the volume and islet cell nuclei. In mammals,
hyperglycaemia is the main factor in the release of insulin from
the B cells (Ashcroft et &l, 1971), but this glucose stimulated
secretion is inhibited by adrenalin in vZvo and in vitro (Howell

and Taylor, 1966; Milner and Hales, 1969; Bassett, 1971).

An in vivo inhibition of insulin secretion by adrenaline in
the lamprey has also been shown in this study. The levels of
circulating catecholamines in the adrenalin injected animals must
be considerably higher than in the hypoxically stressed animals,
since the adrenalin injected animals always appear to be de—
pigmented,whereas tﬁe hypoxic animals are‘normal in shade.

It is possible that at this lower circulating iével of adrenalin

there is no inhibition of insulin release.

Furthermore, in isolated islefs and pancreatic slices,
anoxia is said to reduce the effects of insulin-secretory agents,
including glucose (Hales, 1971), Thus, in addition to anx‘direct
effects of adrenalin on glucogenesis or glycogenolysis, its
inhibitory actions may play an important part in the generation or
maintenance of hypoxial hyperglycaemia. A role for glucocorticoids

in stress hyperglycaemia is well established in teleosts, but the
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measurements on interrenal nuclei lend no support to the

involvement of this tissue in the present experiments.,

.The results obtained in experiments involving the subjection
of hypopbysectomiséd 1aﬁpreyé to reduced oxygen tensions, altﬁough
based on small numbers, are consistent in showing the retention of
normal blood sugar levels, combined with extensive 'hydropic
degeneration', Neither these observatio;s, ﬁor those of other
workers (Matty and Falkmer, 1965; Falkmer and Matty, 1966;

Larsen, 1969b; 1973), have demonstrated significant changes in
glycaemia in cyclostomes after hypophysectomy, although this

operation is said to prevent the rise in blood sugar at sexual

maturity (Larsen, 1973).

In birds and mammals, direct or indirect pituitary control
of adrenalin syntheéis via ACTH or glucocorticoid regulation of
phenylethanolamine—-N-methyl transferase (PNMT) activity is well
establiished (Wurtman‘and Axelrod, 1965; Pohorecky et al., 1971;
Wasserman et al., 1971; Newcomer et aql., 1972; Manelli et al.,
1973} and in Amphibia, adrenalin levels are reduced after
hypophysectomy (Rapela et aql., 1956). In fishéé; there is evidence
of pituitary stimulation of glycogenolysis vhich is enhanced by
~ACTH or cortisol (Chester-Jones et al., 1974) and hypertrophy of
chromaffin tissue has been reported after administration of these
hormones (Hahon et al., 1962; Olivereau, 19665. On the 6ther
hand, in Salmo gairdnerti, no élteration of PNMI activity or
catecholamine levels were detected after nydrocortisone

administration (Mazeaud, 1972) and similarly, in the dogfish,

3
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Seylliorhinus cantcula, no significant alterations in the
methylating capacity of the chromaffin tissues were noted after
hypophysectomy (Perrin and Pér2s, 1970), The former adthor, after
an ex;mination of the distribution and intensity of PNMT activity
in relation to catecholamine concentratians in the heart of the

sea lamprey, P. marinus concluded that the chromaffin tissue itself
is capable of the methylation of noradrenali;, and is not dependent
on corticosteroids, In his view, this situation wouid be consisteﬁt
with a lack of contact between interrenal and chromaffin tissues,
which he believed was characteristic of lampreys. This belief is,
however, unjustified and especially in the walls of the cardinal
veins and sinus venosus, small groups of the two tissues are often
directly contiguous (Fig.3.11).3oth in the hypophysectomised control-
group, as well as those subjected to hypoxia, there has been some
evidence from nuclear measurements that chromaffin cell activity is
reduced by this operation, but it -nust be recognised that thers are
considerable difficulties in postﬁlating the involvement of either
ACTH or glucocorticoids in catecholamine biosynthesis. There are
some indications that the adenohypophysis of lamprgys may produce an
adrenocorticotrophic principle (Larsen and Rothwell, 1972; Youson,
1973), but neither mammalian ACTH nor cortisol have producedr
significant elevation in bloodksugar levels (Bentley et al, 1965).
Furthermore, biochemical evidence for the existence of steroidogenic
activity or tie prodqction of the normal vertebrate corticoids by
the interrenal is at very least uncertain (Seiler et al., 19;0;

Hardisty, 1972; Weisbart et al., 1970; Weisbart, 1975) and the

assumption that this tissue is homologous with the adrenocortical
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tissue of ghathostomes rests mainly on morphological criteria
(Hardisty and Baines, 1971; Youson, 1972), However, until a more
complete analysis has been made of hofmonal interactions, the
possibility should be borne in mind that the absence of hyperglycaemia
in hypophysectomised lampreys might result from more general
metabolic changes, reflected in locomotory inertness, loss of
reactivity and reducéd rate of tissue mobilisation particularly in

the body wall (Larsen, 1973).

Striking and significant nuclear hypertrophy of the
interrenal, probably accompanied by hyperplasia was noted after
adrenalin injections and similar responses have been reported in
the teleost, Heteropneustes fossilis (Yadov et al., 1970). On
the other hand, in Scorpaena porcus (Chuiko, 1970) no changes were
observed in blood corticosteroids following exogenous adrenalin
treatment, That the changes observed in the lamprey interrenal are
not a direct response to hyperglycaemia is suggested by the absence
of similar changes in hypoxia or glucose loading, and although the
mechanism remains obscure, the tOpograpﬁical relationship between
chromaffin and interrenal tissues suggests the possibility of some
interactions, other than the usual corticosteroid stimulation of

PNMT activity,

Certain aspects of hydropic degeneration under hypoxic
conditions are difficult to interpret, Vacuolisation resulting from
an overloading of the functional capacity of the B cells has been
widely repérted in teleosts after glucose loading (Khanna and

Rekhari, 1972) and has been shown to be a temporary and reversible
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condition (Bhatt, 1974), apparently differing qualitatively from

the more severe and extensive hydropic degeneration observed in the
present experiments, In mammalian islets also, hydropic degeneration
of B cells has been reported as only a transitory lesion,

reflecting extensive functional strain in cells that escape necrosis,
but are nevertheless affected by hyperglycaemia (Warren et al.,
1966). Apart from the effects of reduced ox&gen tensioﬁs, where
these lesions have been observed in other groups of lampreys, for
example after repeated glucose loading or sub-total isletectomy,

they have been associated with marked increases in nuclear volumes,
unlike the situation in hypoxia, where in spite of thne hyperglycaemia,
the puclear.voluﬁes remained unchanged. In mammalian B cells,
increased nuclear volume has been noted within 30.min. of a sinzle
dextrose injection and although some decrease occurred thereafter
with the disappearance of Gomori-positive granulation, the
enlargement of the nucleus persisted for some hours during the

degranulatory and secretory phase (Mohnicke and Moritz, 1964).

Equally paradoxical is the observation of hydropic
degeneration in the hypophysectomised lampreys subjected to hypoxia;
where it was accompanied by normal blood sugar levels., The
occurrence of these lesions, in the absence of hyperglycaemia and
without the usual indications of islet cell stimulation, must cast
some doubt on the assumption that vacuolisation represents a simple
physiélogical overloading of the insulin secretory capacity;of the
cell and is a direct consequence of elevated blood sugar levels,

In this connection, it is significant that both glycogen stores and
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glycolytic intermediates are reported to accumulate in the B cell
after adrenalin inhibition of insulin release (Hellman, 1970),

The apparent lack of a cellular response under conditions of hypoxia
might bDe related directly to the reduced oxygen tensions and their
effects on cellular metabolism, and in this connection the reports

of.anoxic inhibition of B cell activity may be recalled (Hales, 1971),

In a marine teleost, exogenous adrenalin has been shown to
affect the water permeability of the gills, with.wider repercussions
on plasma osmolarity and sodium levels as well as having implications
for some aspects of stress responses (Pic et al., 1974). In view
of the possibility that similar changes might affect cell and
nuclear volumes generally, measurements were made of the diameters
of erythrocytes in the adrenalin injected and control groups of
lampreys, but without disclosing any evidence of changes in mean

values,

In certain respects, the cytological observations have some
relevance to the functional status of the dark and light cells.
In the later stages of hypoxia both in intact and hypobhysectomised
animals, there was no marked degranulation of the‘éark cell cords,
such as occurs in glucose loading. On the contrary, these cells
often showed an abnormally high concentration of coarse aldehyde-
fuchsinophil granulation, contrasting with the vacuélated areas which
appear to correspond to light cell lobules. Similar differential
lesions have also been seen in glucose loading and in cases of
'spontaneously' occurring vacuolisation. These observations would

be consistent with the view that both light and dark cells should be
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regarded as developmental stages of a single functional cell type
(Barrington, 1972) and the reaction of the dark.cell granules to
both aldehyde—-fuchsin and pseudoisocyanin techniques points to the
latter as being the terminal or storage phase in the B cell cycle.
Moreover, it may be significant that where increased vascularity
has been noted in the islet parenchyma, accumulations of e{thro-
cytes appear to be mainly confined to the lumina of the.dark cell
cords which would presumably be concerned with insulin release.

A similar interpretatiom is also supported by the nuclear
measurements, which show that both cell types are stimulated by
glucose loading, although the increase in volume tended to bé
rather greater in the light cells, If this interpretation is valid,
the development of vacﬁolisation in the light cell lobules suggests
that earlier phases in insulin biosynthesis and granule development
may be more sensitive than later stages to whatever factors may

be immediately involved in the genesis of these lesions. The
degranulation of the dark cells under glucose loading and their
retention of aldehyde~fuchsinophil granulation under hypoxic
conditions, would thus represent the influence of factors which
respectively stimulate or inhibit insulin release.ﬂmHowever, the
importance of distinguishing insulin biosynthesis from insulin
release is illustrated by the results of adrenalin injection; which
have led to very marked increases in the nuclear volumes of islet
cells, 1In the mammalian-B¢:ells, mitoses have been increased by
glucose injection (Korcakova, 1971) and in the lamprey increéased
mitotic frequency has occured in hypoxia, giucose loading and above

all, after exogenous adrenalin, all of which raise blood glucose



116

levels., Cell division has, however, been obserwved only in the
light cells; again pointing to these elements as representing an

earlier stage in the B cell cycle.

The possible ecological effects, under field conditions, of
reduced oxygen tensions in the aetiology of islet cell 1es$ons is
difficult to assess, Whether ingpolluted estuaries or rivers,
prolonged exposure to sub-optimal, but much less severe reductions
in oxygen tensions,.would be capable of producing extensive and
permanent hydropic degeneration is open to question. Certainly,

a number of examples of these lesions in fungus infected river
lampreys have been observed, but in these cases it is‘possibie
that the immediate causal factor is an interference with normal
gill function. Apart from this, the occurrence of 'spontaneous'
islet cell damage of the same type in animals maintained under
laboratory conditions, or stored in live boxes im the river,
suggests that severe vacuolisation may develop under conditioms
which, although unfavourable, are nevertheless compatible with

survival,
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4.7 GLUCAGON-LIKE IMMUNOREACTIVITY

Barrington and Dockray (1970) have found that intestinal
extracts of L. fluviatilis and P, marinus when administered to
rats, evoke discharge of pancreatic juice (secretin-like activity)
and cause the release of enzymes from the pancreas (pancreozymin-

like activity).

Van Noorden and Pearse (1974), using immunofluorescent
techniques, have shown caerulin-like, gastrin-like and glucagon-—
like immunoreaetivity in the éells of the intestinal epithelium,
All these immunoreactivities aﬁpeared to be synthesized in the

same cell,

Comparisons of the amino—-acid sequences of the gastro-
intestinal hormones of mammals have revealed two 'families'
of hornones (Weinstein, 196s; Grossman, 1976). Thus, one family
comprises secretin, gastrin, gastric inhibitory peptide (G.I.P.),
glucagon, vasoactive intes;inal peptide (V,I,P,). The other
group includes gastrin and cholecystokinin-pancfeozymin. It has
even been suggested (Weinstein, 1972) that these two families
ﬁay have originated from one molecule. It is also well
established that extracts of the gut of higher vertebrates possess
a glucagon—-like immunoreactivity which is not identical to
pancreatic glucagon (Samols et al, 1966; Heding, 1971;

Buchanan, 1976).
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Active factors from cod and pike intestine, which_have
secretin-like effect when tested on turkeys and rats cross react
in the radioimmunoassay for mammalian vasoactive intesginal
peptide (V,I.P.) (Dockray, 1976),' It coul& well be therefore,
that V,I.,P., which does not apparently have a physiological role
in mammals, could be the factor from which the members of the
secretin and glucagon family are derived. The lamprey glucagon-
like immunoreactivity (Van-Noorden and Pearse, 1974) and the
secretin-like activity of (Barrington and Dockray, 1970) could

therefore be due to the same (probably V,I.P,= like) principle

Although secretin or pancreozymin function is not
possible, in the sense of stimulation of secretion into a
pancreatic duct in an animal lacking a discrete exocrine pancreas,
the principle(s) responsible for the secretin and pancreozymin-—
like effects demonstrated in rats could well be involved in

regulation of zymogen cell secretion,

Bentley and Follett (1965a) have failed to obtain a
hyperglycaemic effect after administration of mammalian glucagon
in the lamprey, but a delayed hypoglycaemia, possibly due to
stimulation of insulin secretion was observed. The glucagon—-like
substance in the lamprey gut, however, may have a metabolic
function in the lamprey. Indeed some of the appargntly anomolous
effects of partial isletectomy on blood glucose and liver glycogen
values would be explicable if it were assumed that the glucagon-—
like immunoreactivity in the anterior intestine and its diverticula

possessed glycogenolytic and hyperglycaemic properties. Many of the
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glucégon containing cells might be destroyed during cranial
isletectomy, since part of the anterior intestine and it cramial
diverticula must inevitably be removed in this operation.

On the other hand, caudal isletectomy would leave the glucagon
cells intact, Thus both types of partial isietectomy might
interfere with the glucagon/insulin ratio in the blood.

Cranial isletectomy could result in é decréase in the glucagon/
insulin ratio, and caudal isletectomy in an increase in this
ratio, This might provide a hypothesis which would explain

the results in Table 3.3. A possible increase in the glucagon/
insulin ratio vcould result in the hepatic glycogenolysis
suggested in Table 3.3.in the caudal isletectomised group.
Mo:eover, the slight, but statistically not significant,
decrease mn blood sugar in the cranial isletectomised animals
compared with intact controls, would be consistent with a
decrease in the glucagon/insulin ratio; It wvould be interesting

to repeat Bentley and Follett's (1965) test using a purified

extract of lamprey glucagon-like immunoreactivity,



120

4.8 GENERAL CONCLUSIONS

The results obtained are generally consistent with the
concept that the islet tissue secretes insulin in response to
glucose loading and the presence of the islet tissue is required
to enable the animal to regulate its glucose metabolism. . Thus,
if the islet tissue is removed, the circulating levels df insulin-
like immunoreactivity decline, the blood sugar levels rise and
the injected animal does not significantly 'metabolise' injected
glucose but eliminates most of this injected load by urinary

excretion,

The changes in cytological appearance of the islet tissue
and circulating levels of insulin-like immuno;eactivity consequent
upon glucose loading, both indicate that insulin is secreted by
the islet tissue in response to a glucose load. Thus, it appears
that the B cell of a river lamprey in its upstream migrating’
phase, far from being "functionless and degenerate" (qunig, 1929;
Sferba, 1955) has all the functional capabilities of a typical

vertebrate B cell.

The time course of the hyperglycaemic response to hypoxia
has been established and it seems clear that the chromaffin
tissue is involved in this hyperglycaemic response to hypoxia but
a role for the interrenal tissue does not appear to have been

-

established,
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The hydropic degeneration of the islet tissue in
hypophysectomised animals, where the sugar levels remained normal

has not been completely explained.

These investigations have accomplished some of the aims

stated in the Introduction but some further questions are posed:

"What are the circulating levels of insulin-like
immunoreactivity and of catecholamines during
hypoxia in intact, sham—operated and hypophysectomised

lampreys?’

"What is the nature of the glucagon-like immuno-
reactivity? Does it have hyperglycaemic and
glycogenolytic properties in the lamprey?

Is the same chemical substance responsible for it
and the gastrin, secretin and pancreozymin-like
activity, or are all these activities associated
with a single substance of multiple antigenic

and biological properties?"
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THE STATISTICAL EVALUATION OF RADIOIMMUNOASSAY DATA

A computer programme for radioimmunoassay data has been
published (Ayery and Evans, 1972), but this.did not include any
method for determining confidence limits in the results obtained.
For experimental work it is important to be able to determine
whether one set of serum samples obtained from a group of animals,
given a certain treatment, are significantly different from a

control set of serum samples.,

Various mathematical models, based on physico-chemical

considerations have been published (Yallow and Berson, 1970;

Ekins et al., 1970) but although these give an understanding of
the kinetics of antigen—antibody interaction, schemes for determining
confidence limits from radioimmunoassay data do not appear to

have been developed (see Ekins, 1973).

A scheme has therefore, been evolved for the determination
of radiolmmunoassay data and incorporated into an interactive
FORTRAN computer programme. This scheme will be-illustrated in this
Appendix by explaining the various steps in the computer programme
(RIA) and outlining some of the basic mathematical and statistical

considerations.,

Lines 1-29 of the programme declare the arrays and place
ap= .95t distribution table into variable array TT and the
table for the upper 57 points of Hartley's table of ratios of

maximum and minimum variance., The function X LOGIT (logit) and
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ALOGIT (anti-logit) are defined:

logit a = 1n (a / (l—a))

a
e

anti logit = =

1l +e
Lines 30-40 are concerned with the input of the new data

relating to the standard curve, g
Lines 41-51 cause a table for this data to be printed.

Lines 52-81 calculate the mean c.p.m. for each concentration.
value on the standard curve and determine the variance for each

concentration group.

Because the c.p.m. dose curve is not linear, a linearising
transform has to be executed. Three different transforms can be
selected; 1n c,p.m. against dose, (c.p.m./c.p.m. at zero
concentration) against dose (Ayery and Evans, 1972); and logit
(c.p.m./c.p.m., at zero concentration) against ln dose (Yallow and

Berson, 1970).

1f the third transform is used then those logit values
lying outside the limits z 2.2 must be rejected (Yallow and
Berson, 1972). Lines 82-127 enable the user to select these

transforms and execute them.

Lines 128-136 print a table of the transformed data., The

-

mean and variance of the transformed data for each concentration

group are determined in Lines 137-164,
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The data is then tested for homoscedasticity by Hartley's
Maximum F Ratio Techniqﬁe (Acton, 1959; Hartley, 1950).- First
the untransforﬁed data (Lines 165-173) and then the transformed
data (Lines 174-183) are analysed by this ‘technique. The more

crucial test is whether the transformed data is homoscedastic.

Lines 184-193 calculate the weighted means x and 7y,
allowance being made to put less weight on those concentrations

in which there were fewer c.p.m. observations.

The next section, Lines 193-208 calculates the
parameters Sxx, Sxy and Syy (Acton, 1959):
D D
Sxx i ki (xi X)
where i is the number of concentration, ki is the number of c.p.m.
observations in each concentration group, and x; is the

concentration (transformed if required):
Syy = & ki (x; -x) (y; -y

where Y; is the mean of the transformed c.p.m. values for each

concentration group:
Syy = 2 ki (y; =)

Slope b and the intercept a are then calculated (Lines

209-210).
b = Sxx
a = ; - bx
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Now that the values of the constants a and b in the

equation

y = a+bx

are known,the c,p,m. values wnich could be predicted from each
concentration group can be worked out (Lines 211&220).4 Then
the 957 confidence limits for the predictedrvalue of y are
calculated, The variance of y within each group and the total
variance due to  within group variability var(y) has already
been calculated (Lines 138-162), where it was assigned the
variable TAMSW, - Now the variance of each point on the

regression line var(Y) is given by (Colquohoun):

N Sxx

: - 2
var(Y) = var(y) (.]]\I; + _(l{__}_{_)__)
where N is the total number of observations:
N DR
1
These calculations are performed in Lines 221-236..

The next part of the programme control the printout of
the results; Lines 237-247 give instructions for the printing of
Hartley's ratio for untransformed data. Lines 248-289 print
out the Hartley's ratio for untransformed data, and Lines 253-268

the output of Sxx, Sxy, Syy, and the slope and intercept. .

The next part of the programme, Lines 264-313 calculates

and prints the analysis of variance table, The probability level
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for each F ratio is calculated by a subroutine DOUBLE which converts
the data into double precision, so that it can be calculated on a
further subroutine F TEST.

The correlation coefficient is calculated in Lines 314-320.

Sxy

r

‘/ Sxx . Syy
Lines 321-328 calculate Fiellers Constant g (Finney, 1964):

. t2 var y
g = —— SXXx
Sxx b2

The next section, Lines 329-335 asks the user if he desires
that the data be transformed in another way, and if so, transfers
the user back to Line 83, if no further transforms are to be tried,

the c.p.m. values for the unknown samples are fed in (Lines 336-356).

Each repeat sample from each individual animal are grouped
and the individual animals are organised into two groups., This is
to enable e@asy comparison to be made between treatment groups, for

example experimental and control.

The unknown c.p.m. values subjected to an hierarchical analysis
of variance (Lines 376-462) which enables one to compare the varia-
bility between treatment groups, between animals and between repeat
samples in each animal, This enables one to state whether or not
there is a significant difference between animals from the

different groups, without any assumptions as to the relatiomship
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between c.p.m. and dose. This approach is necessary as it was
found, not surprisingly, that the dose - c.p.m. curves for
human insulin and lamprey insulin are not parallel. During the
analysis the mean c.p.m. for each animal and the mean c.p.m.

for each treatment group is calculated.

Lines 463-497 seek the subroutine UNCONC which calculates
the concentrafion in the unknown samples from the regression
equation, and also calls CONLIM which calculates the confidence
limits in the results obtained, using a simplified version of

Fieller's Theorem (Colquhoun, 1971).

Lines 498-505 asks the users if further pairs of treatment
groups are to be analysed in the same assay run, If so, control
is transferred back to Line 337, if not the programme run is

terminated.

Lines 506=507 contain the FORMAT statements which control

the input and output,

This programme (RIA) is set out in Figgres A.l - A.12..
The subroutine F TEST which is a translation of‘gﬁe'programme
of Morris (1969) from ALGOL into FORTRAN is illustrated in
Figures A.13 and A.l4. Subroutines DOUBLE, UNCONC and CONLIM
are illustrated in Figure A.15. A typical interactive run of the
prograrme RIA is illustrated in Figures A.16 - A.28. The
explanation to these figures (A.16 - A.28) explain how the’

programme is used in practice.
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FIGURE A1

PROGRAMME RIA (Lines 1-54)

1¢C, T:113 {'AtlT I.'iIMTS X AL'O Y VALUES - RAW DATA
? DI'IE'iSlu j X (»),Y (7, &) ,K(7)

3 rI :E'J5IVI, YP(7),UCL(7),SCL(7)

4 DMC 313 Y!;cwi(7) ,YVAR(T)

b Di:'£i5io:; YU(,J

0 crY'3itju o xT (7) ,yT(7,a) kT (7) ,kT:I(T7)

7 DIilcWSId,. TT(30) ,HART (10, 10)

0 Di"c '3I1J : TY,:E(7),TYV/.L(T)

9 [",:0':314 YU| (4,2V), Yi#2(4,20) ,KUI (20 ,KU2(20),U1(2G) ,U2(20)
1I D1'itWwslgi; YUT1 (% ,20) ,YUT2(4,20) ,AyYUl (20)AvYU2 (20 ) XUl (20),
11 /Xi2(27J)
12 :I::L'STIoi, UICLWIl (2-.)) ,CLI L1 (2C) ,CI.IUl (20)
13 D1Uc’'1S'Tj;: LUCLi.2(2j) ,CLI 1-2(20 ,Cl.IU2(20)
14 DATA TT/12.700, 4.303, 3.182, 2. 776, 2.571 ,2.447,2.365, 2.3 "%,2.262,
15 /2 .223,2.201,2.17'\2.100,2.145,2.131 ,2.120,2.110,2.101 ,2.C93 ,2.066
16 /2.0)0,2. :74,2. jo'*,2.'J04,2.060,2. 056, 2.052, 2. 148, 2.045, 2.042/
17 DATA 1liAkT/ 11*1,39.0,15.4,9.6,7.15,5.62 ,4.99,4 .43,4 .03,3. 72,
12 /1,37.5,27.6,15.5,15.2,3.33,6.94,6.0,5.34,4.,35,
19 /1,142.v,39.2,20.6,13.7,10.4,2.44,7.18,6.31,5.67,

/1,2 ;2,-,50.7,25.2,16.3 ,12.1,9.7,6.12,7.11,6.34,
21 /1 ,2u6, 62, 2').5,1,.7, 13.7, 1U.8,9.03, 7.8,6.92,
22 /1,333,72.9,33.0,20.3,15.0,11.3,9.7,3.41,7.42,
23 /1 ,4.0, 53.5,37.5,22."»,16.3,12. 17, 16.5,3,95, 7. 87,

/1, 15, .9, 41 .1,24,7,17.5,13.5,11.1,9.45,3.22, i
25 /1,550,1.4,44.0,26.5,13.6,14.3,11.7,9.91,3.00/
20 DAT., X/7*1C'OuACo/,XT/7*1COvi30/,¥/26+10CCHE00/,YT/28* 1000:00/
217 "LAL YtS/'YTS'/,TU/'ii0'/
22 XLCBIT(,\)=,\LC8(A / (1-n))
29 ALO,..IT(.\) =LXi @) / (1+cX?(d))
30 WRnE (2,14)
31 R[Aj(1,2U8
32 ".;PITE(2,3C)
33 R[A.'(1 ,4.) A (1 =1, @M. .
34 2157 1=1,11 -
35 "W2I 1E(2,::)
31 r.CA2(1,2) K(1)
37 Wi:1TL(2, .v)
32 L=r (I)
.59 1:EAD( 1,41 ) (V(I,J),Jd=1,L)

lv-, CjWT1 :UE

41 C T:i13 OART PKI,.To TABLE OF RAW DATA

uR1TSC, 120
B;plTb(2,01) (.1(1) ,1=1,7)
u6lTE(2,159)

45 , . PIT:(2,13L")

40 Dj 111 J=1,3

417 Wi:ITE(2,11.:)(¥(1,J),I1=1,7)
"6 111 c¢'j'.76.vE

B9 WRITE (2,150)

50 WRITE (2,140

51 WRITL(2,1'/")(K.Ci),I=1,7)

52 C Ti)l5 P,.KT CALCULATES YiiFAM A6D (
53 C VUTIAACE FrFur LMOH X GROUP
54 §S ;=".V



129

FIGURE A.2

PROGRAMME RIA (Lines 55-108)

55
bu
57
5r,
59
6v:

-0
63
od
o5
00
v1
06
60
70
7
72
72
74
75

77

7|l*

92
93

V5

i0'-

171
172
171

177

ioC

161

107

Jzs
Du 17u 1=1,0
L=\CI)
509Y=1i;.}
SU0YS0zJ.j
DO 14 J=1,L
Su::y=8:;;iY+Y (1,0)
YSTnY(I,J)+Y (1l ,1)
su ;rso=soi:YJV. +Y¥SQ
G=0+1(1)
Y,IL.. .(I )=S1:,'Y/L
SYi'YE=$.E:¥YS'0-( (SUGYASUUY) /K(1I))
IF(L.LE.1)00 Tu 171
YVA.; (I)=5Y':Yu/(L"1)
,0 Tt 170
YVA. (1)=1
SS.'zSSU +8Y¥1'Yo
coori.oJE
9UFz J-, i
A :5.=88 ;/i.9F'".,
WRITE(2,159)
.-'M E(2,2C0)
L,OMITE(2,11-)(/u:AO0(1),1=1,7)
07IF[(2, 15.")
L 'HiT[(2,2in
WRL ic (2 ,110) (£fVoi’(I),1=1,T7)
Y0=Y cA.XI)
TiilS 1u.HT SELcCrS TRANSFORMS
OR Irr (2,211 )
2E67(1,2\) "
Ou T0 (1 U, luu, 107),0
w101 1=1,.
1=4(1)
012 J4,L
IF( BEv;. 1) YT (i,J)=ALUG (Y (I,J))
YYU=r(1,J)/Yo
IF("L..:)YT(I,.)=YYJ
CwULMuE
XT(I)=A(1)
rT (i)=7(1)
Cy.rio.L
:T=0
ur=.
00. TO 10,
TOI S !'\OT LALCWTESLJUIT TfvA6SF'jR ™ /\iDINCORPORATES

TEST Ti REJ

T.0SE REAP 10,5 .UERE X=00r ‘EAi.LOolT IS wuwUTSIDELIi'ITS t/-2.P

IT=;

1=1
0T=.

\ —j»yg

1F(..(I).3T7.0. j)ud TO 191

172 0:i= . +1

:.T=.

171 K gJ:.T=:.



FIGURE A.3

PROGRAMME RIA (Lines 109-162)

L9 i% 1=1 JU'.T+ilil

1: IT=1i+ i:0'j:.T

il XT(1T)=nL9G(;.(I))

12 KT (iT)=r; (I)

13 L=§(1)

14 SYT=7.0

15 Du 1vn J=1 ,L

10 YYJ=Y(I,J)/fu

1R YT(]T, J)=>:LOGIT(YYO)

18 194 SY rz5YT+ YT (1T, J)

19 YTi=SYT/L

27 IF(YTii.ur.:.2)Cj Tid 192
21 1F(YT::.LC.-2.2) .T=NT-1

22 IF( ,'T'!.LE.-2.2)uU Ti 193
23 200 IT=Y4L T + 1

24 IF (LjU.;i. LT...T) Gi Td 196
25 193 6T=4.2

26 Du 199 1=1,NT

217 19?2 GT=.\T (I) +0T

28 C Trils PART *TINTG TABLE §UF TRANSFOR
29 183 WRITE (2,125)

30 WRITE (2, '1") (,;T(I),1=1,7)
31 WRITE (2, 15.")

32 WRITE (2, '35)

33 DU 112 J=1,3

34 ORIIL(2,115)(vr(I,Jd),1=1,T7)
35 112 Ci'lTMUc

3u URIrE(2,150)

37 ¢ This PART CALCULATES Y 1'EAN AMD VA
38 T3S.;=v.u

39 DO 211 I=1,MT

4v TSv !Y=C. '

41 "=KT(I)

42 TS'y: r=J. -

.3 T5':sii=0.:

44 Dj 2v2 J=1,L .

45 TSU 'Y=TG2,!Y+vT(i,J)

46 FYSw=YT(1,J)*YT(I,J)

a7 202 TS.'Sii=T5 .SO+TY¥S ;

41 TY:iE(I)=TSL"1Y/L

49 TSY 'YD=TS!iSO-( (iSUMY +TSUMY) /KT (I))
57 IF (L. LE.1) jU T. 247

51 TYVaP (1)=T5Y;,Y0/ (L-1)

"2 G) rJd 2u'o

53 257 1YV, (I)-=1
54 cvy 785..=T38 +TCY Yu

55 CJI.TI M E

50 " TDF: ={T-.TT

0T II (1TDF Li.3 .):=TT (.TDFW)
5 1F (.TUF ..51.3.)r=2.0

59 T,,:0.!=TjSu/:j IDr.;

6. V'11lrE(2,205)

o1 ..RITE (2 ,115) (TY.IE(I),1=1,7)

02 WRITE (2,15")
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FIGURE A4

PROGRAMME RIA (Lines 163-216).

10.5 WRITE (2, 21 3)

164 JARITE (2, 15) (TY BK (1),1I=1,7)

16b C THIS PART CALCULATES HARTLEYS RATIO
166 VAP:iAX =YVAR (1)

107 VaP.,IH =VVA* (1)

168 DO 230 1=2,::

loV IF (YV.\P (I).UT. *AR'IAX) vARMAX =YVAR( I)
177 1F (YVAR (I).LT. vARMIl:) VAR:1IN=YYAR(I )
171 2:5v CONTINUE

172 DEGTRL =.j/U

i?3 YARTLY =V.,.1:iAX/v.*R:)I:1

174 ¢ Tu IS PnP.T CALCULATES HARTLEYS RATIO FjR TRANSFORMED DAT,
175 TVvMA ;:=ry .00'(1)

170 TV'.r' =i YVAP (1)

177 DU 2Jv. 1=2,NT

172 IF (TYVAFC I ) .r-T.TVMAX) TVMAX=TYVAR (I)
17? IF (TYVAR (I) .LT. TVMI W) TVMI:=TYVAR (I)
IJU 2vo CONTINUE

151 TUFa=FT

1.'2 TL'FA=uT/i.T

163 TIIART =TV7\X/TVi:i:i

154 ¢ CALCULATIUM OF wEIGHIED MEANS XBAR AND YBAR
.5 S'J.;X=0U.:

loo Surlr.Y=C, . A
167 DO 270 I=1,NT )
182 SU,Ma=8t KX + (KT(I) *XT(1I))

lu" S'JM.:Y=SU"KY +4(i.r(I) 'ATYME (I))

1'M> 27!') CONTINUE

191 YOA,:=SU.|TY/GT

192 X3,NR=80'11:X/GT

1?3 ¢ CuLuULnTION oF SXX,SYY,SXY

194 SXX=D.J

19b 3y T=-'.8

1"6 SXY=i.J

197 Do 2''0 1=1, NI

190 AKaa=XTvI)+XT(I;+XT(I)

19" AXYY.= ;:T(i ) * TYME (I)*TYME (I)

2'v A/XY =AT(I)+,(T(I) +TYME(I)

2ul SXX=SXX+AKXX

2v2 SXY=SaY*uKXY

2 '3 SY Y=SYY+ Yy

2.4 292 CONTI.NUE

c8 §$X:=3%XA- (e¢T* s/R*XADR)

20u SYr =3YY-(.JT*n,..'*YSA:*)

2-1 SxY =§,<Y-(oT*,. 3&,7 YSA,J

2.2 WRITE (2,139)

2:¢! u=5xY/SXA

21.) A=YUA2.- (:'*X0.u:)

2'1 ¢ Tj.IS PART CALCULATES Y PREDICTED

212 Du UDb 1=1,NT

213 YP(I)=,\+.%X(1)

214 IF(,:.Eu.l)YP(I)=[XP(YP(I))

213 IF( '.EU.2)YP(I)=YU*YP (D

21vu IF (i L~ )Y (U zYa* (ALO 1T (YP (1) ))
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FIGURE A.5

PROGRAMME RIA {Lines 217-270)

217
21i.
219
22,
221
222
223
22't
225
22¢
221
228
22V
230
231
232
233
234
235
236
23 17
23 u
23V
24,
241
242
243
244
245
246
247
24...
249
2bC
251
252
253
254
255
25n
257
25u
25V
2* B
261
2u2
263
2 (4
2u5
2 J
267
20u
23"
270

C

“

305

292

130
2317

23.3
2 IV

COi-TINUG

WPITE (2,3J0)

WRIT: (2, 110) (YP (I),1=1,7)

Mne (2,15.)

TUS PART CALCULATES *5% CONFIDENCE LjMJTS FyR Y PREDICTED
Do 292 1=1, 1IT

VAI:y=TA.:SW*( (1 .3/0T) + ((X (I)-X3.AR)*+2/sXX) )
CL"=T*3 )RT (VA ,:Y)

IF(::.E0.1)CL =LXP(CLW)

If (+ .E0.2)CLW=Yj»CLW
IF(l1i.E6.3)CLW=YJ* (uLLGIT (CLW))
PCL(I)=YP (I)CL..

SCL(I )=YP(I)-CLyJ

CjurlRVE

WRITE (2,29?)

.VRITE(2,11D)( jLL(I),1=1,7)

'"WRITE (2, 205)

wRIT (2,11 n (scL(I),I=1,T7)
WRITE (2,150)

'"Will IE (2, ,'0")

THIS PART PR INTS HARTLEYS RATIO
IDEOFP=0LGFR[t].5
:1ARTT=nA ":T (N, IDeGFR)
L'knE(2,25P)1, APTLY

WRITE(2,260), ,ucOFRE 1
wRIt1(2,2ul );inDrT 1

IF (HARTLY .AT. HARTT) GOTO 236
ypll2:2,233)

GiTo 2v7

i;rrTF(2,2u4)

WPnE(2,150)

THIS PART PRi ITS HARTLEYS RATIO FOR TRANSFORMED DATA
ITDFR=TDFR +'j. 5

THADTTz IART (T ,ITDFR)

W ITc (2,255)T,i,AT

W'MTE(2,209);.T. IDFR

,iRLTE(2,201)TPni<TT

IFC fuA.r r.GT.TPA.1£T) o0 TO 283

"WRITE (2,233)

GO TO 23?

"PPITE(2,234)

WRITE(2,15")

Tills PART PRI ,TS SXX ETC, SLOPE AND INTERCEPT
.;.\1TE(2,2'j.")x8.r:, Y2A.R

"RIT2(2,3LV)JX ,SYY, S%Y

1F(,"'.c0.1 )a \=1LaP(A)

IF(,'.Eu.:) A/.=Yi*A

IK + EC.7)An=y.j* (ALOG IT (B))

.niTE(2,15E)

Wr ITH(2 ,3VT)\ , 3

.niTE(2,15n)

WRITE (2,7C?)

C.,LC 'LATIO:.' uF CORRECTED TOTAL SUM uF SOUARfcD DEVIATIONS
SY=.;.'



FIGURE A.6

PROGRAMME RIA (Lines 271-324)

2/1
272
272
2/4
2/5
276
2/1
2178
2179
280
201
232
283
264
285
2uo
207
283
2 8(:)
29'J
291
292
293
294
295
290
2'V
298
299
300
3I'M
3 )2
3.3
304
375
3 Vo
-1
303
3-9
31 .
311
3:2
? i3
314
315
31d
317
317
31?
32i)
321
322
323
324

324
31

415

SYSjzV.0

:3 31J 1=1,NT
L=3T(I)

Du 32j J=1,L
YSu=YT(I,J)**2
SY=SY+YT(I ,J)
SY30=8YStG+Y3vu
CiNTI NUL

co 1rifgc
T:318'.'=r,¥S0-( (:,Y*5Y) /GT)
CALCOL/.TI6N UF JFGOCES OF
Fu2 ANUV/0 T,.UL2
Ssr=)+5XY
SS0=SYY-SSR

SS 6\=TUTSO-SYY
MF =1

1iDFD = :iT-2
NGFu=NT-1
ik'FT=G6T- 1
©)'DF.,= :Tj (N
r\.1S:'=G5R/!!:1FR
AiiS1=3s9/0 2F2
A95u=SYY/ODfJ
Al.3.;=332a/NDF.;
A"ST =TOT1'0/1i10KT
FK=A'132/A!'50
fo~fi '5ly/ \!:3w
Fn=A::3F./A::3N

133

FREEDOM,

¢,\LL 0jU3LL(FN, ,UF:;, iDF..',P0)
Cart DOULLE (Fu,NDED,,,OF.;,PD)

C,LL DOUbLE(FO,.,rF3,uDFN,,

B)

TNiS PART 0.1'iVA TAULE

WR1LE (2,32 1)
WRITE (2,325)
WALTE (2,35v)
UPITE (2,330)

WRITE(2,30C),,"FN,5SR, AISR,FP, PR
WRITL(2,:7'')uJFu,S88J,M:ISD,FD,Pn

70113(2, 33 2)

WEU FE(2,38%') .0F.-, SYY, AiiSP, FB, PB

W:>1TL(2.3"c)uUr J,3SWA,ArSJ

WRITE(2,330)
w2;1 'L(2, 4CM)..gFT,TOT3J

T4 IJ P,,::T CALCULATES TNT CORRELATION COEFF ICIE.,T

P=SJFT (uX%*S,Y)
r=sxY/r'

WRITE (2,150)
WRIIL(2,70")
'WRITE (2, 41 9);
whITL (2,1570)

T4WIS PARI CALCULATES FIELLERS

URITE (2,41 5) ,yF ,T

F'jR,,rTC Tr!L VuLGES OF T FiR M2

/' CEGREES OF FREEDOM IS

' F6.3)

MEAN SQUARES

ETC

CONSTANT G AND PRINTS



FIGURE A7

PROGRAMME RIA (Lines 325-378)

325
32¢
3217
32V
32 7
33.,
331
332
333
334
335
336
337
332
33V
340
341
342
343
344
345
340
347
34:
349
35¢
351
352
353
354
355
356
357
35,
35V
364
3-)1
3i2
363
?2ud
305
36
307
3;u
3oV
370
371
372
373
374
375
376
3717
37u

6 1lu

43V

c2V
737

v3 1
632

r,= (T*T*..t:s.:) / (sxx*u*n)

WRITE (2,420)1 G

WRITE (2. 150)

WRITc (2,73V)

THI3 P/'RT M5KS IF FURTHER TRAMS

., irE(2,61i:)

RE,.:' (1 ,440),...83
IF(.\:'S1'.EU.Yt:S) jO TJ 179
IF (630 .LG.Mi)0J TO o0
WRITE (2,5 52)

GO TV 61,
T:1IS PnRT IMPOTS UMEKNOWN

.:riT:(2,43u)
REAL (1 ,2-),MU1
Du 437 1=1,M0"

M, ITE (2,432)

REACA ,44:)0U1 (1)
REAu (1 ,20.401 (i;
TINHE (2, 433) N1(I)

L= ,\"1 (i)
PL"5(1,4' ) (¥j|(I,d),d=1 ,L)
C'JNT I :UE

WRITE (2,431)

REA.d4d ,2 )::'32

Du 431 =1,1.12

2X112(2,432)

RLAR (1 ,440) v2(I)

REAnd ,2 ,) KU2( 1)

.<RrrE(2,433) UZ(I)

L=Kij2(I >

REAP (1,4.)(YU2(I,J),J=1,1L)

eu,ri NUE

T.113 P.-+RT TR; usrORMS UMKMUWM

£0 u3J I=1,udl

L=KU1(1)

Du 02" J=1,L

1F('".EJ. 1) YdTl (I»J)=.sLoG (Y§1 (1
YYOzYul (I ,J)/r0

IF(:i.E0.2)YJT1 (I,J)=YY0
1F(:.E0.3)YUT 1(i,J)=ALOGIT(YYD)
CO'JT1i.'OE

CONTINUE

DU u32 1=1, iL"2

L=1rU2(1 )

Du 031 J=1 ,L

IFCdulU. !) YsT:CI,J)=uL0G(YU2(I
YYJ=Y02(I,J3)/(0

IF ( .EU'.. )YUT2 (I,J)=YYO

IF( .1Q.!')YUT2(1,J)=1L0GIT (YYO0)
CUU'TI ofL

CJNTI.UL

T.ils Part CALCULATES AMOVA  FOR
INDIVIDU,' L AND CRANi) MEANS FOR EACH
5YUll=u«

iJuKNOWIi u 0D CALCULATES

TREATMENT

GROUP

Goln



FIGURE A.8

PROGRAMME RIA (Unes 379-432)

3/v
3¢
3" 1
382

304
385
360
387
308
3:'9
390
391
392
3/3
3v4
395
3"6
3"7
393
3%y
4)0
471
4-2
433
404
405
4H
4 ;7
4 Je
4?7y
41u
411
412
413
414

15
41 6
47
412
41:
42.:
421
4c 2
423
444
425
42 u
427
423
429
43V
431
432

039

cdi

G41

#Y0T13=".0
Y'jAl s;:=3.1.
3YUr2=8.;
3Y0T23=:.4J
t'J.\23i,=C.0
1301=0
oJ2=1

DU 64J 1=1,Nul
1=Mjl1 (I)
AYOT1=0.
AYUT !3=0.0

DU U3" J=1,L
AYJT1=YUT1(1,J)+AYUT1
VUT13=1JT1 (1,J)*YJT1(I
;YUTL1 3=YuT 13+,.Y.yT13
CONTINUE

A/Y'.: 1(n=AYILIT 1/L

1I6U": =.,CUL +L

SrUTi =3Y011+4uYUTI
SYUrl3=3YUT13+MYUTIS
YrJ 3 ;=(.'iYUT 1*;.YoTl ) /L
SY41 3N=5YAl 3n+¥YMIS,
Co:1T I'!UC

OAVYU 1=5YilTl /Nu Ji

DU o042 1=1,0v2
U=KU2(I)

AYUT2=- .,

AYUT23=0.0

E0 Wd4i V=1I1L
AYuT2=Y'JT2(I,J)+AYUT2
YJT28=YJT2(I,j)*YUT2 (I
AYUT23=YLT23+AYJT2S
Cu il INUL

nVYU2 (I )=.'.YUT2/1
1:ul2=N30U2 +1L

5YUr2=0Y 'T2 +,,YUT2
SYUT23 =3Y:JT23+A£fUT25
YA2S:*=(nYUT2*AY';T2) /E
SYA2S:.=3Y,'.25,: +Y£,23N
CUIT luuE

UAVYU2 =310T2/.u: 42

C3Yi T=CY '"TM3YO0T2
03Y3T3=3ViJgTl 3+3,'0UT23
C3Y;.SN=3Yu15" +3 YA2SH
UG'JC= :3N1+"'§. 2

ET=( rSyuTHGv.iTi )/ <301
CF=(C3Y ;r*C3YUT)/N3UC
$83r=3T-CF
336,=CSY..3N-3T
SSTLT=C3 YUT3-C1

NUC= .01+ .02
SOFr "= 00 C"2

I":Fi.t; = .0j:-*i
1,0rpu=,,3.'C":nc

135
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FIGURE A9

PROGRAMME RIA (Lines 433-486)

433
43'+
435
436
437
436
439
44 V
441

442
443
4.+4
445
446
44 7
44/
44V
45¢c
45 1
452
453
454
455
450
457

458
459
40 .
401

40:

403
404

4id3
466

40?

402
469
476
47 1
472
473
uil

475
476
477
472
479
46N
4'. |
402
4u3
4-i4
4ub
4 -'6

NDFTL.z’.0'JC-I
SSB6 =:Sj.:. +35ur
5SR'J=SSTUT-5S lu .
A;SLT=SS2T
A:lsr.,\=sscA/noru,.
AUS'j[! =SSr'B/N!:Fju
A :snu=ss::u/HjFi;J
AMSTO=33TuT/.jiTU"
jOFRU+ iDFJ
AiSi\U!:=(55U,\ +S5R'J)/MDFKUR
VK6T =Ai;S3T/A:'Si..Ji;
VF3A =AirS2A/\WJi. jR
Vp3u=,\9j:,;;/M.'$F:jR
CALL DuU:Lb(v'UL,T,1 IADfXOrPBT)
CAaLL U'jJUMLLCVKbA, MDFuUA, NDFRU, P3,J
CALL inUC'LL (Vr.L'u, NDFuD, NDFRU, PLU)
M=1
i;RITL(2,62))
dnE(2,15.))
d;rrL(2,021 ); T,3SHT,AMSLT,VRBT,PFT
'OKU [(2,,22)
WRITE (2, 023 ),, OidA» S53 A, AlISoA, VRUA, PBA
KIT: Cc2.15;)
""R1yL(2, 624) ,.jFu3, SSBU, Al1S3D, VRBB, PBB
WRITu (2, u25) ,.-F..U, SS*'J, MI'SRU
WRIit (2d 5")
"Rnr(z,u27)
WR IrE (2 ,12,:) ;;0F.<UR ,AuSRUR
WRITE (2d 5T)
UMT!:(:,'..20) dFTUdSTOI

C Till S PART C,,LL5 SUj'dad UNE /2HICR CALCULATES UNKNOWN CONCENTRAT ION
c VALUES LUT:' FUR TuC MEAN NU INDIVIDUAL A.IIMALS IN EACH TREiTUri
c Ga2uup

o5v

055

IFC 2FRUA.LE.32;T=TT( iDFRUR)

iFC.dFRU, .GT.3v)T=2.A

DO o05: :=U..J1

CALL U C. .C (XL|(I),AVYU1(1),A,B,M)

C,LL OO:LI "(rU D ,A,n,XU1T(l)d XX, AISRUR, T, YOAR ,U, UiCLU1() )
CLIUT (1)=XU1 (1) +I'l CL.,1 (1)

CLIL1(1)=AU1(l1)-UICLd(1)

CONTINUE

Call u.c-.nc(r..,vxu'i, OmVyui ,a, p,f')

DO v55 1=1,Nid

CaLL JN:'. NC (,:02(1),mVYU2(l YdwB,"1)

CALL CuNLI 1) d:,B,Xi!2(l) ,SX/, AMSRUR, T, YaAR,M,UICLU'2(l ))
CLlIu2(l)=/U2(l)+UICL 2(1)

CLlL2(l)y=XuUu2z2(l)-UulCL.2(l)

CONrI iLa

c/.LL " .Cc-,,C(6 2,Ud2, u,VYU2,A,u,r)

C..LL CU.LIUC.N J.1 ,G,3,G,,VYU1 , SXX , AUSRUR, T, YBAR, M, UCL 1)
CLNI=u.d/U1+uCL A1

CLL1 =0A /XU1 -OC L.,1

C.\LL CONLI I(.,,uu2 ,6,D,GAVYU2 ,SXX ,ANSRUR ,J,YEAR,Il,UCLN2)
CLu2=GA//u2 +',CL..2 - ’



FIGURE A.10

PROGRAMME RIA

48/
4 C
409
4 VA
4VI
492
4v3
494
4'75
450
497
498
A
570
5 d
542
S$93
5-4
5 5
5 '6
597
538
509
51 1
511
512
513
514
515
516
51 7
SI 6
519
52U
521
522
523
524
525
521
527
520
52 Y
53.
S3 1
532
533
534
535
536
5317
536
539
540

CLL2 =GAV::U2-UC1.0
0k I1L(2,702)

00 o7 I-1, i1
WRI 1E(2,701.) 11
Cu'.ITl :U[

YRITE (2,7C2)GAV, .
i;:031T[(2,7C3)

0O o020 1=1,Nu?
99112 (2,7:1)u2/(I

oWu CONTINUE
URITL(2,7v2)G.,V,:
030 ULlIHE (2, v35)

Re*'w (1 ,+'-VMLLK
1F(/dSR.2Q.YLS)
IF (,@ S;<.20.N0) u
UniT2(2,58Y)

CJ FQ 636
699 WRITE (2, 71V)
B'0C sTU -

11 F3jNURTC TYPE 1,.

(Lines 487-540)

137

/' STANDARD CJRV?2
20 FOR IAT( I ')
30 FUR,,21 (' NO.; TYi'
/- VALUES'/' i ASCENDING ORDER PLEASE")
FuK :AT( FV.J)
50 F'r.i, \T( ' TYPE 1.
/ 'Ce.iCENTN/,T1l0u u
60 F#R.iAL (* Na. TYI'
/'" IIl THIS GN K.;p
110 FaRiAT(1;;,7(F/.1
115 FiiPNAT( 1X,7 (F7.
12u FUR,'AT( ' X v'.dUE
125 FUR.'WMTC TRANSEV
133 FuR 'ATC Y V,.L1;2
135 FuRi AT (' TRA iSFw
14 > Fuk. , F(' K /ALLE
150 FuR1 AT( 14,62 (1 .1*
16 ; FuR, .nT(1X,7(17, 1
c0J Fi.TNATC Y MEAN' , Tu3, 1li! +)
205 CORNAT (' NEAi. ©OF Y TRANSTrORUEJ" ,T63,1H
cl FuR, :AT( ' VARI ru.: [ UF Y WIT.iri EACH GRy
211 FvRNAT (' TRANSFu R:l REQUIRED ?'/
/' TYPE I ' 1 Fui. LOG Y V. XV
/' TYPE I 2 FUI. Y/YO y. X'/
/e TvV": 1 3 Fur. LOOir(Y/Y'J) V. LuG X")
215 FjN.UT (e VAR I N.C
25017 FJ-: N, T( + H.\R-"E2,
255 FOR 'Aie HA'"TLLI
/' IS ', r6.2)
26 v FuR'.AT ( 1.0 CT C a(k)=",13," DESK. OF FREEDOM
c6 Fi..N!',\T(5/, Mu,J; ',FV.3,5A,'YB°R =",F9.3)
uJl FU:N:AT(' THE 5U &arrT Lev RATIO FOF THIS DEGREE
/, 'uF FREEDOM 13 «,F7.3)
&o¥ rar::.\ 1(" MARTEL

1

', F6.2)
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FIGURE A. 1

PROGRAMME RIA (Lines 541-594)

JVI
5+2
543
544
545
54e
54 7
542
549
55.
551
552
553
554
555
556
557
550
557
552
561
562
563
564
563
566
557
560
569
57.
571
572
573
574
575
570
57/
572
579
52u
531
522
563
5.4
5ub
5uM
507
54c
5:9
597
591
5"2
593
5.H

[/ +1;U.;05CLDA3TI C")
204 FjR:.-'.rC HARTLFIS TEST SHOWS THAT THE DATA IS
/'.diEnOSCEPASTIC ')
293  Fjk,:.\T( '"UPPEH 953 CONFIDENCE LIMITS (F YPRFDI CTED’, 163 *1 H*)
2?5  FOr',ir,T( 'LOViEH +5% Cj'iFIDENCELI 'ITS oF YPREDICTED",T63,1H +)
3d FuH| AT(2X, "SXX =' ,F13.4,2X, "SYY ="
/ n 3.4,73XY¥= ¢ ,rl13.4)
3iu ruRTATC Y PKUD.ICTED' ,T63,1.-i +)
:97 F'jRUAT( " IUTENCEPT =' ,F13.6,3X, "SLCPE = ",F13.6)
321 Fj2. '4T(24X, "Auu.'A TABLE")
325 FORMA,T(24X,12(1 1*))
33] FuP'Ar(55(1:(*))
35J FORMAT(' SOURCE *D. F* SSD
/" #o 1 y ¥ pt+ ")
306 FoRi AT( *LIN. REVP ,13 ,1H* 4 (F9 .3 ,1fl¥) )
37: FOP;/wT( '2CV. F . LIN .** ,13 ,1H* 4 (F9.3 .1!'%))
362 fORMET( * 0eT LLN **,13 ,1H* 4(F9 .3 ,1H*) )
3,92 FOR ATd w17 ,I1 *'.13 ,1H*, 4(F9 .3 ,1H*))
42: FwR AFd Turar  *',13 ,1;I%, 4(F9 .3  lii*) )
4y Fup:,\T(*CuPREL/ rION COEFFICIENT __ F8 .5)
422 F.i6uTC FIELLL,;S eu iSTANT ,5= 1oril .7)
43 10 mAT( » TYPE i1 NOMUEP OF ANIM.aLS /i FIRST
431 Fyp U( ¢ rvype I NU.IBER OF animMa LS 1IN SECOi'i
+32 Fga AT(* pypc I, CO)f NMMBLR OF TU IS ANIMAL
/' OuS2RV,TIuMS uN IT ')
433 PORtATC ' TYPE I 1 THE CPM OBSERVAT IjNS FOR
4%: TFORMAT (,\4)
43. F3jR:,/, r('THE M...., CPM FOR
/R4," SROL'P IS ',F12.6)
y9. FORMAT (' Tr'E ESTI MATED COUCENTRATIOA iN "
/A4,' uRuMp IS ",6F12.5)

!

50: FORMAT (" RuTIJ = ",F12.6)

511 F,j> ,AT(", SSY, ,ETHICAL CONFIDE..CE LIMITSFOR "
/A4)

5., FOJR.:',T(UPPE,: = ",F12.6," LuUER = ",F12.6)

53; FvR,.AT(" FOR ‘'...NdOkiUP :"V4RIANCF” =',F12.6)

54V  FOd,.d( "SYill ETHIcAL CU'.'FIOEOCF LIMITS FOR ", _
7, * iraJdP ")

35. FuR !AT( ' /i'E TNEPE AOY MORE UNKNOWNS TO BE EVALUATED °?"/
/" Fde I . YES u; °in*

573 FORMATd TYPE I, "YEo" OR "NO"')

ul. For :AT( ' IS MMCTHEP. TYPE OF TRANSFORM RECULRED?'/.
/™ T,PC I YuS u: N)»)

u2v FuR M d SOURCE ',T1I4, ' F* SUM 01 SO* MEANSQUARE* VAR. RAT* ",
/" jg',Tv3 ,1,1%
621 FOR AT (' BET. T..EATS xt 13,11,*,F19,6 1H**FI d 7 ,1X,1H*, Fg .3, 1x, 1’

/,£3.5,11%)

<22 FoM, \rc OFT n.O0lM.US* ",T1?d1.i*,T729,11iU,T42,1H*,T752,1H%,T61 dri* )

u23 Fj-'-AT d (,;1T.T.',EAT3) *',13. M*. FU .6, 1lH*,F11,7, 1X,1H* ,F3 .3 ,1X,1
/,Fd 5,14%)

u?2é FUP.,.AT ("SET. A,.T ALS*",13,1,4i*x,r10.6,1H8*,7r11.7,1 x,18*,F0.3,1x,1:"
/F3.5,1A%)

625 FO'M.dd HCSiju.d *' I3 ,1H* ,F10.6 ,18H* ,F11.7,U »1H+ T52 ,1H* , T6'
[1i:*)



FIGURE A.12

PROGRAMME RIA (Lines 595-608)

139

595 (26 AT (+ TOT AT U, T13, 1 F1 0.6, IH*,T42 ,1H*,T52,1!1%,T61,1pP
56 C'27 FOR.:ATC RLSI )L +',T13, 1i1%,T729 *111+,T42,1 8 ,T52,1!14 ,T61,1h%)
5/7 626 fUR .AT( ' CLi .+ .NK.)*',I3,1 ii*,T27, 111* ,F11.7, 1X,T52,1H%, T61, 1H*)
596 631) FVRMATC 10 LJT1dR PAIR UF TREAT,; ENT GROUPS

599 /'Ti o Bt C rL-'/+ IL.! SAME ASSAY?'/e rypr IN YES OR MO''")

600 70w FuK::AT (///' FIROT TREATMENT GROUP' /)

6'd 7yl FOP AT( ' TriE MO ,.::i:iE C8'JC. IN ',Ad s 'awiwar IS ',F7.2)

602 702 FQRWATC TVML c.ai CUAC. IN THIS tTa FATMENT GROUP IS ',F5.2,/

6 d / « T#L UrPLR 750 cONFIDENCE LI1I"IT IS ', g5.2/ ' THE LOWErl 95.3%' ,
oC4 s cii:ll-1Dc:iCL 1T .IT 10C ,F5. 2)

605 7"3 A R #AT(/ //' SECCD TREATMENT GROUP '/)

606 710 FUR.IAT (//////) /) /)

607 709 FUR.IAT(///)

606 E0L)
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FIGURE A.13

SUBROUTINE FTEST (Lines 1-54)

1 SU3R00UTi:.L FT1ST (F,DFl, nr2, PPOD)
2 I.WT[U[R*4 D1'djFZ
30 v CAC 34 0 e
4 RLAL +1' riFLPb.i'ROG
5 P[AL*J Fd F2,F,FG. FI,CUnF.THLTA,5TH,CrH» STS,CTSrXrXX,VP.A,d.GuMMA
6 C
7 IF((DF1 .LTd) .U,:.(DF2.LT.1) .O0R.(F.LT.-1D-U6)) GOTO 47
8 IF(F. LT.10-06) ~UTO 4o
9 ¢
10
11 rI=0F1
12 F2 = ;-iF2
13 Fr=3jLJ
14 X=F2/ (F2+n*r)
15 VP=F1+F2-2"V
16 ¢
17 IF(((DF1/2)*2.t4.4F1).A.!D. (DF1.LE."AXN)) GOTO 10
li IF(((0OFw/2)*2.6 ..DF2).AND. (DF2.LE.MAXN)) GOTO 20
I ol ((Ch 4422 L.LLL'RAXDT) coT0o 30
24
21 F1=2:P6/WDO0/F1
7, F2=cbpc/"» :"0/F2
23 corFl =F+*(333333333333'D-
2H F3=-((1J>r2) »LuPF+F1-1
25 FT=1; 1FLPVF G, GDv.IDO)
20 GOTj 49
27 C
2v 0 Xx=i DO-X
29 DO : J=1,0f1,2
30 [=Cf1-J +
31 I[F(l..[G.=H1) GOTO 1
32 Vp=,P-2J
33 FT=.x*vp/!*( 10j+FT)
34 1l CLLAI®UE
35 Fi=(.**(50-0df 2))*(1DO0 +r1)
36 GUTu 49
37 ¢
3e 20 uo 2 J=1,DF2,2
39 I=Dr2-J+1
40 IF(I1.LU.2F2) curo 2
41 Vi'=vP-2u.
42 FT=A*VP/1*(1ulG+TT)
43 2 CuUNII :UE
44 F1=1J C 00-X)**(50-d *F1)*(1DG+FT)
45 GgTJ
yo C
47 30 THLTA=0.dA:!'(S ,(.T(F1*F/F2) )
4u STi! =D3I i(r-icT.)
49 CTri=0C6G (Tir.Tn)
50 STSzS rH*3Ti!
51 CTSzC I,UCT +
52 A= »\WM
53 5=00"

54 C



141

FIGURE A.14

SUBROUTINE FTEST (Lines 55-95)

55
56
57
56
59

02
63
64
65
00
o’
68
69
70
71
72
73
74
75
/()
11
78
79
30
31
82
S3
04
85
86
87
88
89
90
91
92
93
94
95

33
31

46

47
6Ci0

48

49

57

I1 (0F2.[6.1) 40 Tu 31
Du 3 J=1,DF2.2
I=yF2-J-1

IFd.LT.0) GuTid 33
A=CrS* (I-1)/1*(iD0+A)
Cjil r1.VL

A=STO+CTU* (104+,J
AzT.iL TA +A

1F(ufFl .UW.1) ud TO 32

DO 4 J=1,Drl,2

i=Dd-3-1

IFd.uT.:*) tuToO 41

VP=VP-27J:

a=ST5*VD/ I* (1 i)o+B)

CONTINUE

CONTINUE

GA,!.,A=1DC

IF(!}F2.C4.1) JUTO 43
ID=(0F2-1)/2

DG 5 IA=1d D

GAM'1AzI X*GAUii.,/ (IX-5D-G1 )
CONTINUE

CONTINUE

B=S/;!\+8TWw (CcT.**Dr2)* (1DC+B)
FT=1D'J+03661 97723680-1 2* (B-A)
CONSTANT FACTOR IS 2/PI

coto 49
8203=000
GuT'j 5C

UK IT: (6,600)

FOR,MAT ('.jd5X, '"****ERRJR If. F
CvTj 50
P:!UB=1D"
GOTO 50

CONTINUE

IF(FT.LT.-1D-,6) GOTU 46
PnOB=FT

RF rUPN

END

TEST* * % %!
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FIGURE A.15

Subroutine DOUBLE

.d.C,_.dWI5 Sj 5.?i'JTr;C Cu IVERTS F,RATIO_A(,D_PRQOBABILITY. INTO."OUBLE'
cI5!'Q:i~Anii CuLLu-FTEST SUSROUTIf.Ef-

A-— _:LdduTLd .DjjwLKFd.i diZ +rPuO)
3iuMlc .pHEclslu D Fr-DpRiiB'_ :éf 20#.. 0 # -f#.: Ji

=&=====0UU:"C ALL-FTEST (Jp,w1,M2, .DPRJB) -2~

7 r)I''- ) n

(o] r 1

Subroutine UNCONC.
(Parameter M controls type of transform, if M equals 3, i.e. the logit cpm - log dose transform is selected,
then the transformed x value has to be converted back to the untransformed form - Line 7.)

If*

A~ AT K
CPU V.AL J nITI
3 sJu }
A.=1(
.5 __ - Irc’.
(6} r.ET., 2
7 c.

Subroutine CONLIM

1 Till 3 3'j :r JUTI

2 r __ - FiA A4 Vi dw = U
c F1 _LL ¢ T'! utce!
-- # SVDiU'JII 4c CL Llii

€ A = (YT ,kA,:) /

A s Ar_ YII=Cl.J/3)+ (1

6NnA .= (..41:.3.,V (

- SS.(u=s nVARD Y, 7)
I'CL '=T-3: ;;:i

lu IF(d c a;)'.'CL 4=:Xx



FIGURE A.16

The User logs in and gives the command to run programme R.ILA. He is asked to type in the
number of concentration groups in the standard (calibration) curve. He selectsto 1d 0 th is
Interactively by typing in CONSOLE then the figure. He is then asked to type in the
concentration value at each point on the standard curve.

?// LOGIN BBSLIO
PASSWORD?

12.27 15/06/76 ETU = 992747 FFS = 024 UFS = 276
?// GROUP BBSALlT7

°// RUN HIA(P),,,,700
?// H
02 BBSL10:3ESA17.RIA ,7000 BBSLIO 09 11 12:27:43 15/06/76 021800

02 TYPE IN THE NUMBER OF CONCENTRATIONS IN STANDARD CURVE
02?*DS01 IS CONSOLE

02?*DS01 6

02 NOW TYPE IN THE VALUES OF THESE CONCENTRATIONS- X VALUES
02 IN ASCENDING ORDER PLEASE

02?*DS01 0 !
02?*DS01 5
02?*DS01 10 | |

02?*DS01 20 '

02?*DS01 w0

02?*DS01 80



FIGURE A.17
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For each of these concentration values the user is asked to type in the number of cpm observations followed by the

cpm numbers.

02 TYPE IN THE
02?*DS01 3

02 NOV TYPE 1IN
02?*Ds01 |78 13

02?*DS01 7575
02?*DS01 7753

02 TYPE IN THE
027+DS01 3

02 NOW TYPE 1IN
02?*DS01 7299

02?*Ds0! 7092
02?*DSO01 7134

02 TYPE IN THE
02?*DS01 3

02 NOW TYPE 1IN

02?*DS01 6623
02?*DS01 6757
02?*DS01 6944
02 TYPE IN THE
02?*DS01 3

02 NOW TYPE 1IN

02?*DS01- 6536
02?*DS01 6410
02?*DS01 6289
02 TYPE IN THE
027+DS01 54tt3

02 NOW TYPE IN

02?*DS01 5495
02?*DS01 5291
02?*DS01 5434
02 TYPE IN THE
02?*DS01 3

02 NOW TYPE 1IN
02 74DS01 3745

02?*DS01
REPEAT
02?*DS01

3509

3509

02?*DS01 3624

NO OF CPM READINGS IN NEXT CONCENTRATION GROUP

THE CPM READINGS - Y VALUES - IN THIS GROUP

NO OF CPM READINGS IN NEXT CONCENTRATION GROUP

THE CPM READINGS - Y VALUES - IN THIS GROUP

NO OF CPM READINGS IN NEXT CONCENTRATION GROUP

THE CPM READINGS - Y VALUES - IN THIS GROUP

NO OF CPM READINGS IN NEXT CONCENTRATION GROUP

THE CPM READINGS - Y VALUES - IN THIS GROUP

NO OF CPM READINGS IN NEXT CONCENTRATION GROUP

THE CPM READINGS - Y VALUES - IN THIS GROUP

NO OF CPM READINGS IN NEXT CONCENTRATION GROUP

THE CPM READINGS - Y VALUES - IN THIS GROUP
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FIGURE A.18

A table of input values is printed out and then the user is asked to select the

linearising transform he desires to try.

In this case the logit cpm—log dose transform is selected. The predicted
cpm values from the regression table do not appear to correspond closely

to the mean of the actual cpm values.
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FIGURE A.18

02
02
02
02
02
02

02
02
02
02
02

02

02
02
02
02
02
02
02

02
02

02
02
02
02
02
02
02

02
02
02
02
02

00
00

02
02
02
02
02
02
02

X VALUES
0.0 5.0 10.0 20.0 40.0 80.0 **xkkux

IEE R R EEEEREEEEEREEREEREREEERREREEREREEEREREERSERSERNRSENRERSEERSJES]S;]

Y VALUES '
7813.0 7299.0 6623.0 6536.0 5495.0 3745.0 *kkkxkxk
7575.0 7092 .0 6757 .0 6410.0 5291 .0 3509 .0 *kkkkkxk

7753.0 7134.0 6944.0 6289.0 5434.0 3624.0 *xkkxxx
*************************************************)(:************
K VALUES

3 3 3 3 3 3 - 0

IEE R SRR EREEEEEREEREEREREEERREEREEREREEEREREERSERSERNSENRSENRSEERSJESS;]

Y MEAN

7713.7 17175.0 6774.7 641 1.7 5406.7 .3626.0 0.0
Fkdkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkk - -
VARIANCE OF Y WITHIN EACH GROUP
15352.0 12000.0 25992.0 15288.0.10960.0 13928.0 0.0
TRANSFORM REQUIRED °?

TYPE IN 1 FOR LOG Y V. X
TYPE IN 2 FOR Y/YD V. X

4
TYPE IN 3 FDR LOGITC Y/YO0) V. LOG X
?*¥DS01 3 A !

TRANSFORMED X VALUES
2.3 3.0 3.7 4.4 *kkkkkk kkkhkkkk khkkkk kK
KRk kK h kK k kK hkkh kK h kK k kK hkk k ko hk khk kK hk khk ok kk h ko kk k h k h ok ok k k] . Ak
TRANSFORMED Y VALUES
1.8038 1.7138 0.9069 -0.0580 *xxkkkk ,kkkkkk *kkkkxx
1.9549 1.5927 0.78 11 -0.1809 ***xxxkk kkkkhkhkkxx k& kkx*
2.1997 1.4849 0.8686 -0.1209 ***kkkx hkdkdkkkk hkkkkkxk

khkkkhkkhkhkkhkkhkkhkhkhkhkkhkkhkkhkhkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkhkkkkx

MEAN OF Y TRANSFORMED
1.9861 1.5971 0.8522 -0.1199 0.0000 0.0000 0.0000

****************************************************>,- sk kkkkkokkk

VARI AiJCE OF Y TRANSFORMED
0.0399 0.0131 0.0042 0.0038 0.0000 0.0000 0.0000

hhkhkhkkhkkkhkkhkkkhkkkkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkk

Y PREDICTED
7627.6 2715.3 25.6 0.0 0.0 0.0 0.0

*

* ¥ ¥

*
*

*

*
*

dkkdkkkdkkkdkkkdkkkkkkkhkkkkkkkky: Fok kkkkhhkkhkkhhkkkkkkkhhhkk kkkkkkkk*
UPPER 95% CONFIDENCE LIMITS OF Y PREDICTED
12178.5 6945.1 5198.2 6589.5 0.0 0.0 0.0 *
LOWER 95% CONFIDENCE LIMITS OF Y PREDICTED ¥
3076.8 -1514.6 -5147.0 -6589.5 0.0 0.0 0.0 *

khkhkkkhkkhkhkkhkkkhkkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkhhkkhkkhkkhkkhkkx
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FIGURE A.19

The Hartley test indicates that the data of both the untransformed and transformed data is

homoscedastic. The slope and intercept are indicated.

The analysis of variance table comparing variance due to linear regression and variance due
to deviations from linearity, together with comparison of variance between and within

each concentration group are printed.

The correlation coefficient and Fieller’s constant is printed. The user is then asked if he
wishes to try another type of linearising transform. An affirmative reply is given and

transform type 2 (cpm/cpm at zero concentration) against dose is selected.
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02

02 HARTLEYS RATIO IS 2.37

02 NO OF GPS(K)= 6 DEGR. OF FREEDOM = 3.00

02 THE 5% HARTLEY RATIO FOR THIS DEGREE OF FREEDOM IS 8 .380

02 HARTLEYS TEST SHOWS THAT THE DATA IS HOMOSCEDASTIC

02 hkkhkkkhkhhhkhhrkhkhrkhhrkkhkhkhrkhkhhhkhhhkhkkhkkkkkhkkkkkhkkkkkhkkkkkk*x
02 HARTLEYS RATIO FOR TRANSFORMED DATA IS 10.58

02 NO OF GPS(K)-= 4 DEGR. OF FREEDOM = 3.00

02 THE 5% HARTLEY RATIO FOR THIS DEGREE OF FREEDOM IS 15.500

02 'HARTLEYS TEST SHOWS THAT THE DATA IS HOMOSCEDASTIC
02 H*hkkkkhkhkdhkhkhhhhkhkhkhhhhhhhhhhhhdhhhhhkhhhkhhhkhhkhhkhhkhkhhhkhkhhkhdhkhkk

02 XBAR = 3.342 YBAR = 1.079

02 SXX = 7.2069 SYy = 7.74038XY= -7.3435

02 khkkhkhkhkhkhkhhkhkhhkhkhkhhkhkhhkhkhhhkhhhhkhhhkhrhhkhkhhhkhhhkhkhhkhkhhhkhhhkhkhrhkhkhrhhhhdk
02 INTERCEPT = 7627.605500 SLOPE = -1 .018955

02 khkhkhkhkhkhkkhkhkhkhkhkhkhkhhhkhkhhkhkhkhkhkhhhkhkhhkhkhhhkhkhhhkhhkhkhhhkhkhhhkhhhkhhhkhkhhhkhhk
02

02

02

02

02 . ANOVA  TABLE

02 ' kok ok ok ok ok ok ok ok ok ok ok

02 SOURCE *D.F* $SD * M.S * F * P *

02 ***xhkkhkhhhkhhhhhkhkh ok hhhkhhhkhh ok ko khkhkhhkkhhkhkhhhkhhkkhkhkhhkk*

02 LIN. REGR.* 1% 7.483% 7.483%  491.079% 0.000¢%

02 DEV.F.LIN.* 2% 0.258+* 0.129* 8.454% 0.011¢%

02 ***xhkkkhhkhkhhhhhhhhhhhhhk Akkkhhkhkhhhhhhkhrhhhkhkhhkhhhkhhhhhkkkhk

02 BETWEEN * 3% 7.7 40% 2.580¢% 169.329¢% 0.000%

02 '"WITHIN * 8% 0.122+% 0.015%

02 khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhkhkhkhhkhkhhhkhkhkhkhkhhkhkhkhkhkhkhhkrkhhkhkhhkx

02 TOTAL * 11%* 7.862+%

02 khkhkkkhkhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkx
02

02

02

02

02 CORRELATION COEFFICIENT =-0.98322

02 KAEEHAKAK KKK K KKK AKX R KK KKK KKK AR KK KKK KKK AR K KKK K KX R KK KKK KX Kk K K X &
02 THE VALUES OF T FOR 8 DEGREES OF FREEDOM IS 2.306

02 FIELLERS CONSTANT ,G= 0.0108285

02 R Rk okokokokdkk ok ok ok ke ks ok ok ok sk ok ok ok ke ko ko ke k ko ke k k ok ok ok
02

02

02

02

02 IS ANOTHER TYPE OF TRANSFORM. REQUIRED?
02 TYPE IN YES OR NO

02?*DS01 YES

02 TRANSFORM REQUIRED °?

02 TYPE IN1 FOR LOG Y V. X

02 TYPE IN2 FOR Y/YO V. X

02 TYPE IN3 FOR LOGIT(Y/YO) V. LOG X
02?*DS01 2
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FIGURE A.20

The transformed cpm values, the predicted cpm values from the regression equation, confidence limits of
predicted values. Hartleys test and slope and intercept are printed out. The predicted cpm values
correspond much closer to the actual values than the previously selected transform.

02
02
02
02
02
02
02
02

02

02
02
02
02
02
02
02
02

02

02
02
02
02
02
02
02
02
02
02

02
02
02
02
02
02
02
02
02
02

02
02
02
02
02

no

TRANSFORMED X VALUES ]
0.0 5.0 10.0 20.0 40.0 B0.0 *kxkxxx *
khkkhkhkhkkhkkhkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkkhkhkkhkhkkkhkhkdhkkhkhkkhkkkkxkihkxk
TRANSFORMED Y VALUES *
1.0129 0.9462 0.8586 0.8473 0.7124 0.4855 **xxkxx *
0.9820 0.9194 0.8760 0.8310 0.6859 0.4549 *kxtxxx *
1.0051 0.9249 0.9002 0.8153 0.7045 0.4693 *xxxxxx *
(R R R EEEREEEEEEEREEEEEREEEEEREEEEEEEIEEEEEEEEEEEEIEEEEEEEEEEEEEESEEEE]
MEAN OF Y TRANSFORMED *
1.0000 0.9302 0.8783 0.8312 0.7009 0.4701  0.0000 *
khkkhkkkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkkhkhkkhkkhkkhkhkkhkhdhkhkhkkhkhkkhkhkkdhkdhkdhkhkkhkdhkdkkhkkkdhkdkkhkkxkhxkihkkxkx
VARIANCE OF Y TRANSFORMED *
0.0003 0.0002 0.0004 0.0003 0.0002 0.0002 0.0000 *
IR EEEEEEREREEEEEEEIREEEEEEREEIEEEEEEEEEEIEEEESEESEIEEIEEEEERESEEIEESEESN,
Y PREDICTED *
7444.1 7200.3 6956.6 6469.0 5493.9 35437 0.0
kkhkkhkkkhkhkkkhkhkhkkhkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkkhkhkkhkhkhkhkkhkhkkhkhkhkkhkhkkhkhkhkkhkhkkhkkkhkdhkkkhkhkkhkdkkhkkkikkx
UPPER 95% CONFIDENCE LIMITS OF Y PREDICTED *
7532.2 7280.9 7030.6 6534.6 5566.1 3685.6 0.0 *
LOWER 95% CONFIDENCE LIMITS OF Y PREDICTED *
7356.0 7119.8 6832.5 6403.4 5421.7 3401.3 0.0 *

khkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhrhkhkhkhkhkhkhkhkhrhkhrkdrkhdkhhdkhrhhkhkhkhrkhkhkhkhdkhrhkhrkhkhhkhxhdkhkdkhkxk

HARTLEYS RATIO IS 2.37
NO OF GPS(K)-= 6 DEGR. OF FREEDOM = 3.00

THE 5% HARTLEY RATIO FOR THIS DEGREE OF FREEDOM IS 8%380
HARTLEYS TEST SHOWS THAT THE DATA IS HDMOSCEDAbTIC

LA R SRR RS EREEEEREERRRESRRERERESREEEEERREREREEEEREEEEESEEESEEEESERSEESS]
HARTLEYS RATIO FOR TRANSFORMED DATA IS  2.37

NO OF GPS(K)= 6 DEGR. OF FREEDOM = 3.00

THE 5% HARTLEY RATIO FOR THIS DEGREE OF FREEDOM IS 8.380
HARTLEYS TEST SHOWS THAT THE DATA IS HOMOSCEDASTIC
khkkhkhkhkhkhkhkhkhhkhhkhkhkrkhkhrhkhrhkhkhkhrkhrhkrdkhrhdkhrhdhkhrhdkhrdkhrkdkrhrhrkhrhdkhrhdhhkhhhhhkhdkhdkhdkhdx

XBAR = 25.833 YBAR = 0.302
SXX =  13562.5120 SYY = 0.54815XY= -85.7229

IR EEE R SRS SRR R R R SRR RRRRSRRRRRSRRRRRRERRRRER SR EEEREEEEEEEESEES]

INTERCEPT = 7444.101600 SLOPE = -0.006321

khkkkhkhkhkhkhkhkhkhkhkhkhkdhkdkdkhkhkhkhkdkhkhkhkhkhrkhrhrdkhdkhrdkhdkhdkhbkhbkhkhkhkhkhkhkhkhhhhdhdhdhdkhkdkhkhkhkhkhhhkk
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FIGURE A.21

The analysis of variance table, the correlation coefficient, Fieller's constant are printed out.
In all cases they indicate that this transform fits the data much better than the logit
transform, but the transform of log cpm against dose has not been tried and this transform
is therefore selected in answer to the response on the bottom of the page.

02

02 ANOVA TABLE

02 dok ok ok ok ok ok ok ok ok ok ok

02 SOURCE *D.F* SSD * M.S * F * P *

02 **k,kkkkhkhkkhkhhkhkhkhhhkhkhhhkhkhhhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhhx

02 LIN. REGR.* 1% 0.542+ 0.542*% 2067.833% 0.000*

02 DEV.F.LIN.* 4% 0.006% 0.002¢% 5.973% 0.007¢%

02 **kkkkkhkkhkkhhkhkhkhkhkhhkhhkhhkhhkhhkhkhkhkhhkhhkhhkhhhkhhkhhkhkhhkhhkhhkhhkkhkhx

02 BETWEEN * 5% 0.543% 0.110% 418.344% 0.000¢%

02 WITHIN %12+ 0.003* 0.000%

02 khkkkhkhkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkkhkkkk

02 TOTAL * 17¢ 0.551%

02 kkhkkhkhkkkhkkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkhkhkkhkkhkhkhkkhkhkhkhkkhkhkhhkkhkhkhkhkdhkkhkhkhkhkkkhkkhkhkkkkihkkkk
02 -

02 . |

02

02

02 CORRELATION COEFFICIENT =-0.99427

02 kkhkkhkkkhkhkkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkkhkkhkhkhkhkhkhkhkhkkhkhkhkhkkhkhkhkhkhkhkhkhkhkkhkkhkhkkkkhkhkkkkihkhkkkkx
02 THE VALUES OF T FOR 12 DEGREES OF FREEDOM IS  2.179

02 FIELLERS CONSTANT ,G= 0.00229 61

02 khkhkhkkkhkkkhkhkkhkhkkhkhkkhkhkkhkhkkkhkhkhkkhkhkkkhkhkhkkkhkdhkdhkdkkkhkdhkhkkkhkdhkkhkdkkkhkkhkkkkkhkkkkkx
02

02

02

02 !

02 IS ANOTHER TYPE OF TRANSFORM REQUIRED?

02 TYPE IN YES OR NO
02?*DS01 YES

02 TRANSFORM REQUIRED °?

02 TYPE IN 1FOR LOG Y V. X

02 TYPE IN 2FOR Y/YO V. X

02 TYPE IN 3FOR LOGITCY/YO) V. LOG X
02?2*DS01 1
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FIGURE A.22

The predicted cpm values seem to correspond to the observed values even more closely than the previously selected

transform.
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02
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TRANSFORMED X VALUES *
0.0 5.0 10.0 20.0 40.0 80.0 *x%kxxu *

R R R R R R I I I I IIIIYIY Y
TRANSFORMED Y VALUES ! *
8.9635 8.8955 8.7983 8.7851 8.6116 8.2282 *xkkkxi *
8.9326 8.8667 8.8183 8.7656 8.5738 8.1631 ***xkxkx *
8.9558 8.8726 8.8456 8.7466 8.6004 8.1953 *xxkxxi *
R R R R R R R I I IIIIIYIY
MEAN OF Y TRANSFORMED . *
8.9507 8.3783 8.8207 8.7657 8.5953 8.1955 0.0000 *

khkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhhhhkhhkhhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkkkk

VARIANCE OF Y TRANSFORMED *
0.0004 0.0004 0.0008 0.0005 0.0006 0.0012 0.0000 *
khkkkhkhkkkhkhkkkhkhkkhkhkhkkhkhkhkkhkhkhkhkkhkhkhkhkkhkkhkhkhkhkkhkhkhkhkhkhkhkhkkhkhkhkhkhkkhkhkhkhkhkkhkkhkdhhkkkihkhxkkkixxk
Y PREDICTED *
7608.3 7268.6 6944.1 6338.0 5279.7 '3663.9 0.0 *
*********************************:]R****************************
UPPER 95% CONFIDENCE LIMITS OF Y PREDICTED *
7609.3 7269.6 6945.1 6339.0 5280.8 3664.9 0.0 *

LOWER 95% CONFIDENCE LIMITS OF Y PREDICTED

7607.3 7267.6 6943.1 6336.9 5273.17 3662.8 0.0 *

IEE R R EREEEEREEREREEREREERREEREEREREEEEREREEREREREEREEREENRERESENESSERSSE]

HARTLEYS RATIO IS 2.37

NO OF GPS(K)= 6 DEGR. OF FREEDOM = 3.00

THE 5% HARTLEY RATIO FOR THIS DEGREE OF FREEDOM IS 8.380
HARTLEYS TEST SHOWS THAT THE DATA IS HOMOSCEDASTIC

hkhkkhkhkkhkkhkkkhkhkkhkkhkhkkhkkhkhkkhkhkkhkkhkkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkkhkkhkkkxk

HARTLEYS RATIO FOR TRANSFORMED DATA IS 3.12

NO OF GPS(K)= 6 DEGR. OF FREEDOM = 3.00

THE 5% HARTLEY RATIO FOR THIS DEGREE OF FREEDOM IS 8.380
HARTLEYS TEST SHOWS THAT THE DATA IS HOMOSCEDASTIC

khkhkkhkhkkhkhkhkkhkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkkhk khkkhkkhkhkkhkhkkhkhkkhkkxhx

XBAR = 25.833 ! YBAR = 8.701
SXX = 13562.5120 sYy = 1.13708XY= -123.8796
R R R R R R P TI I IT
INTERCEPT = 7608.273400 SLOPE = -0.009 134

A SR E R SR EREEEEEREEEEREEEREEEREEREEEEEEERESRERSESEEESRESRSESEEEESESESSESESESES]



FIGURE A.23

The analysis of variance table correlation coefficient and Fieller's constant all indicate that this last selected transform
(log cpm against dose) is marginally better than (cpm / cpm at zero concentration) against dose and very much better
than logit (cpm/cpm at zero concentration) against log dose. A negative reply is therefore given to the question

"Is another type of transform required?"

02
02 A ANOVA TABLE
02 Kk kkkkkkkkkkk
02 SOURCE +D.F* SSD * M.S * F * P *
02 *hkhkhhkhhkhkhh kA kAR A kAR KRR KRR KRR K ARk ARk Ak h kA hkhk kk k& ok
02 LIN. REGR.* 1% 1.132+% f. 132* 2418.092+% 0.000*
02 DEV.F.LIN.* 4% 0.005% 0.001% 2.912¢+ 0.068*
(VIR R R R R R T T T I T I I
02 BETWEEN * 5% 1.137+% 0.227* 485.948¢* 0.000>
02 WITHIN ¥ 12% 0.006* 0.000*
02 H*dkkkkdkhhkkkhhkhk ke ok kkhk ke ok h ke ok k ke ok ke ok hkh ok kk ke k ok hk ok ko kkok ok ok k kK
02 T.DTAL * 17*% 1.143%
02 Hkhkkhdkkhk ke ok ke ok k kI kAR IR AR IR IR IR IR IR IR IR Ik AR ARk Rk ok dkk Rk ok ok dhk dk ko kx
02

1
02

02 CORRELATION COEFFICIENT =-0.99760

02 khkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkdkhkhkhkhkhkhkhkdkhkhkhrhkhkhdkhrdhkhkhkhdkhkhkhkhkhkhhkhkhkdhhkhkhkhkkhkdhkdkxixk
02 THE VALUES OF T FOR 12 DEGREES OF FREEDOM IS 2.1179

02 FIELLERS CONSTANT ,G= 0.0019635

02 *rr A Kk A Kk kA KK AR KK AR KA AR A KRR A KRR KK R KK AR Kk kR KKk h KKk k kK Kk kK kA
02

02

02

02

02 IS ANOTHER TYPE OF TRANSFORM REQUIRED?
02 TYPE IN YES OR NO
02?*DS01 NO
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FIGURE A.24

The number of animals in the first treatment group is typed in together with an identifying code number for
each animal and the cpm observations.

02 TYPE IN NUMBER OF ANIMALS IN FIRST TREATMENT GROUP
02?*DS01 6

02 TYPE IN CODE NUMBER OF THIS ANIMAL
02 THEN NUMBER OF OBSERVATIONS ON IT
02?*DS01 80

02?*DS01 2 !

02 TYPE IN THE CPM OBSERVATIONS FOR 80 ANIMAL
02?*DS01 1485

02?*DS01 1416

02 TYPE IN CODE NUMBER OF THIS ANIMAL

02 THEN NUMBER OF OBSERVATIONS ,DN IT

02?*DS01 81 A
02?*DS01 2

02 TYPE IN THE CPM OBSERVATIONS FOR 81 ANIMAL ,
02?*DS01 3734

02?*DS01 2924

02 TYPE IN CODE NUMBER OF THIS ANU AL
02 THEN NUMBER OF OBSERVATIONS ON IT
02?*DS01 8,3

02?*DS01 2

02 TYPE IN THE CPM OBSERVATIONS FOR 83 ANIMAL
02?*DSG1 3355

02?*DS01 3984

02 TYPE IN CODE NUMBER OF THIS ANIMAL
02 THEN NUMBER OF OBSERVATIONS ON IT
02?*nS01 82

02?»DS01 2 .o

A}

02 TYPE IN THE CPM OBSERVATIONS FOR 82 ANIMAL
02?*DS0i 4785



FIGURE A.25

The data for the first treatment group are continued and then data for the second treatment group istyped in.

02?2*Ds01
02 TYPE
02 THEN
02?*DS01
02?*DS01

02 TYPE
027+DS01

027+Ds01
02 TYPE
02 THEN
02?*DS01
02?*DS01

02 TYPE
02?2*DSO01

02 7+DS01

02 TYPE
U2?*DS01

02 TYPE
02 THEN
02?*DS01
02?2*DS01

02 TYPE
02?*DS01

02?*DS01
02 TYPE
02 'THEN
02?*DS01
02?*DS01

02 TYPE
02?2*DS01

02?*DS01

02?*DS01
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3356

IN CODE NUMBER OF THIS ANIMAL
NUMBER OF OBSERVATIONS ON IT
84

IN THE CPM OBSERVATIONS FOR 84
6098

ANIMAL

6536

IN CODE NUMBER OF THIS ANIMAL
NUMBER OF OBSERVATIONS ON IT
85

IN THE CPM OBSERVATIONS
2398

FOR 86 ANIMAL

2200

IN NUMBER OF ANIMALS
6

IN SECOND TREATMENT

IN CODE NUMBER OF THIS ANIMAL
NUMBER OF OBSERVATIONS ON 1IT
90

IN THE CPM OBSERVATIONS FOR 90
6098

ANIMAL

6173

IN CODE NUMBER OF THIS ANIMAL
NUMBER OF OBSERVATIONS ON IT
91

IN THE CPM OBSERVATIONS
5744

FOR 91 ANIMAL

6029

6098 -

GROUP
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FIGURE A.26

The data for the second treatment group iscontinued.

02 TYPE IN CODE NUMBER OF THIS .ANIMAL

02 THEN NUMBER OF OBSERVATIONS ON IT
02?*DS01 92 !
02?*DS01 2

02" TYPE IN THE CPM OBSERVATIONS FOR 92 ANIMAL
02?2*DS01 6536

02?*DSO0I 6538

02 TYPE IN CODE NUMBER OF THIS ANIMAL
02 THEN NUMBER OF OBSERVATIONS ON IT
02?*DS01 93

02?2*DSO01' 3

02 TYPE IN THE CPM OBSERVATIONS FOR 93 ANIMAL
02?*DS01 5348

02?2*DS01 5050

02?*DS01 5587

02 TYPE IN CODE NUMBER OF THIS ANIMAL
02 THEN NUMBER OF OBSERVATIONS ON IT
02? :DSO1 94

02?*DS01 2

02 TYPE IN THE CPM OBSERVATIONS FOR 94 ANIMAL
02?*DS01 5263

02?*DS01 4926

02 TYPE IN CODE NUMBER OF THIS ANIMAL

02 THEN NUMBER OF OBSERVATIONS ON 1IT
02?2*DpS01 95

02?*DS01 3 o

02 TYPE IN THE CPM OBSERVATIONS FOR 95 ANIMAL
02?*DS01 5618

02?*DS01 6173

02?*DS01 6495
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FIGURE A.27

A hierarchical analysis of variance table is printed out, which indicates a very
high degree of statistical significance between the two treatment groups
P =0.00003, ¢

A table of the concentration for each individual animal is printed together
with the mean for cach group. Upper and lower 95% confidence fimits for

each treatment group are given.

The user is then asked whether another pair of treatment groups are to be
compared in the same assay. In this case he answers no and the programme

run is terminated,



FIGURE A.27

02 SOURCE *D F* SUM OF S.D* MEAN SQUARE* VAR.RAT* PROB *
02 khkhkkhkkhkkhkhkhkkhkkhkhkhkhkkhkkhkhkhkhkkhkkhkhkhkhkhkhkhkhkkhkkhkhkhkhkhkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkkhkhkkhkkdhkkhkkhkkkhkkhxkhkkkikkkx
02 BET. TREATS * 1* 1,585693* 1.5856934 * 35.073 *0.00003*
02 BET ANIMALS* * * * * *
02 (WIT.TREATS)* 10* 1.275635* 0.1275635 * 2.821 *0.03423%
02 **************************:{:*** khkkhkkhkkhkhkhkhkhkhkkkkhkkhkkhkhkhkhkkkkkkx ****:;;***
02 BET. ANIMALS* 11* 2.861328* 0.2601207 * 5.753 *0.00118+%
02 RESIDUAL * 15%  1.215088* 0.0810053 * * *
02 khkhkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhbkhkhkhkhbkhkhkhkhdkhkhkkhkhkhdkhkhkhkhkhkhkkhkhkkhkkkkikk
02 RESIDUAL * * * * * *
02 (REG.+UNK.)* 27¢% * 0.0452112 * *
02 *******************************:{(*)x****************************
02 TOTAL . * 26%  4.076416% * * *
02

02

02

02 FIRST TREATMENT GROUP

02

02 THE HORMONE CONC. IN 80 ANIMAL IS* 101.55

02 THE HORMONE CONC. IN 81 ANIMAL IS 102.17

02 THE HORMONE CONC. IN 83 ANIMAL IS 80.24

02 THE HORMONE CONC . IN 82 ANIMAL IS 70.19

02 THE HORMONE CONC. IN 84 ANIMAL IS 20.43

02 THE HORMONE CONC. IN 85 ANIMAL IS 131.12

02 THE MEAN CONC. IN THIS TREATMENT GROUP IS 84.28

02 THE UPPER 95% CONFIDENCE LIMIT IS **tk+

02 THE LOWER 95% CONFIDENCE LIMIT IS,654.42

02

02

02

02 SECOND TREATMENT GROUP

02

02 IN 90 ANIMAL IS 32.,29

02 THE HORMONE CONC. 1IN 91 ANIMAL IS 28..95

02 THE HORMONE CONC. IN 92 ANIMAL IS 16..61

02 THE HORMONE CONC. IN 93 ANIMAL IS 39..09

02 THE HORMONE CONC. IN 94 ANIMAL IS 43..97

02 THE HORMONE CONC. IN 95 ANIMAL IS 24. .47

02 THE MEAN CONC. IN THIS TREATMENT GROUP IS 30.89

02 THE UPPER 95% CONFIDENCE LIMIT IS 47.71

02 THE LOWER 95% CONFIDENCE LIMIT IS,14.06

02 IS ANOTHER PAIR OF TREATMENT GROUPS TO BE COMPARED

02 IN SAME ASSAY?

02 TYPE IN YES OR NO

02?*DS01 NO
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Measurements on the islet tissue of the lamprey indicate that in relation to body weight
the total volume is similar to that of the hagfish, Myxine glutinosa, and to the ratio of islet
volume to body weight derived for human islet tissue. Separate estimates for the volumes of
cranial and caudal islet tissue show that in Lampetra fluviatilis, the latter is approximately
twice the volume of the cranial component, whereas in the nonparasitic species L. planeri,
the two regions are similar in size. Both subtotal and total extirpation of the islet tissue has
been carried out in L. fluviatilis, the former operation involving removal of either the caudal
or cranial islet regions. Blood glucose levels remain substantially unaffected in subtotal isle-
tectomy, but in total extirpation of the islet tissue these rose to a mean level of 283 mg/100
ml compared with a control value of 52 mg/100 ml. Liver glycogen values were in general
too variable to permit definite conclusions, but significant decreases were noted in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>