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Chapter I 

1. General ob ject ive of t h e з иДу of t h e otese-hyperglycemio 

syndrome m mice ( т г ) · 

The u l t i m a t e aim of t h i s study was t h e d e f i n i t i o n of t h e primary 

genet ic defect m homozygous obese mice by performing a t h o 

rough i n v e s t i g a t i o n of t h e pathogenesis of t h e obese-hypergly-

cemic syndrome in t h e s e mice. The r e s u l t s of t h i s study might 

be re levant in regard of a b e t t e r understanding of t h e causes 

of d iabetes and obes i ty in man. 

Diabetes and obes i ty are diseases with a high prevalence, 

e s p e c i a l l y in our prosperous, western par t of t h e world ( l ) · 

Besides genet ic f a c t o r s , environmental f a c t o r s such as t h e 

type of d ie t and e a t i n g h a b i t s play an important r o l e m t h e 

induct ion of d iabetes and o b e s i t y . I t appears t o be d i f f i c u l t 

t o choose t h e r i g h t d ie t witn respect t o both, q u a l i t y and 

q u a n t i t y . While la rge p a r t s of t h e t h i r d world are suf fer ing 

from u n d e r n u t r i t i o n and/or t h e use of unbalanced d i e t s , t h e 

r i c h , western par t of t h e world experiences t h e disadvantages 

of o v e r n u t n t i o n . 

Each of t h e two d i s e a s e s , d iabetes and obes i ty inf luences t h e 

r a t e of morbidity and m o r t a l i t y (2, 3, 4i 5 ) · The obese d i a b e t i c 

must face even higher r i s k s . 

In obes i ty , t h e predominant adverse effect appears t o be on 

t h e cardiovascular system ( l , 2 ) . Overweight persons have higher 

r i s k s for hypertension, a t h e r o s c l e r o s i s and d i a b e t e s . The p o s i 

t i v e c o r r e l a t i o n between overweight and m o r t a l i t y has been 

c l e a r l y revealed by t h e s t a t i s t i c s of insurance companies in 

t h e United S t a t e s . The g r e a t e r t h e degree of overweight, t h e 

g r e a t e r t h e r i s k of death. The number of overweight persons 

dying from cardiovascular or r e n a l d i seases i s increased as com— 
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pared t o normal weight persons with a f a c t o r of I.50 t o I . 7 5 . 

The r i s k t o die from diabetes i s increased with a fac tor of 

4 in overweight persons . 

The American Oiabet ic Association est imates t h a t one of twenty 

persons has d i a b e t e s , or i s p o t e n t i a l l y a d i a b e t i c person ( l ) · 

About two-thi rds of t h e cases of d iabetes occur a f t e r fourty 

years of age. Diabet ics have a higher r i s k for some d i seases 

such as , nephropathy, neuropathy, re t inopathy and vascular d i s 

eases (З, 4, 5) · I n Great B r i t a i n , d i a b e t i c re t inopathy i s t h e 

p r i n c i p a l cause of newly occurring b l indness ( 5 ) · 

In persons developing diabetes a f t e r maturation t h e r e i s a high 

incidence of obes i ty ; d i a b e t i c persons are often obese. On 

t h e other hand, t h e percentage of obese ind iv idua l s developing 

d iabetes i s small ( l ) . There i s no c l e a r explanation for t h e 

frequent a s s o c i a t i o n of diabetes and o b e s i t y . A number of me

t a b o l i c anomalies i s commonly found t o be a s s o c i a t e d with both 

d i s e a s e s . Examples such as a c e r t a i n h y p e n n s u l m e m i a and ab

n o r m a l i t i e s in t h e i n s u l i n s e c r e t i o n k i n e t i c s of t h e i s l a n d s 

of Langerhans following s t imulat ion by carbohydrates, are well 

known. 

In addi t ion t o a good contro l of t h e d i e t a r y intake of carbo

hydrates , severa l drugs can be used which e i t h e r improve t h e 

i s l a n d function or i n s u l i n s e n s i t i v i t y . In severe cases, exo-

geneous i n s u l i n can be administered t o rep lace or support t h e 

p a t i e n t s own i n s u l i n . Therapeut ical means t o t r e a t d iabetes 

are manifold. 

So far however, means t o prevent d iabetes and obes i ty are 

e i t h e r lacking, or very l i m i t e d . U n t i l today, i t i s v i r t u 

a l l y impossible t o prevent t h e development of d iabetes and 

obes i ty , in p a r t i c u l a r i f t h e s e d i seases a re determined g e n e t i 

c a l l y . This s i t u a t i o n w i l l p e r s i s t as long as t h e et iology of 
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these diseases is not completely understood. Considering tne 

high incidence of obesity and diabetes in man, and its econo

mical, psychological and sociological implications, it seemed 

appropriate to perform some fundamental studies on the etiolo

gy of these diseases as a contribution to a better understan

ding of the primary causes in particular in genetically deter

mined diabetes and obesity. Since the human patients are not 

the most suitable objects for experimental research, a study 

of diabetes and obesity was performed on mice. 

Although for the study of diabetes and obesity, several labora

tory animals are suitable (6, 7, 8), only those belonging to 

the genus Mus musculus (house mouse) are listed below. 

I. Mice with genetically determined diabetes and/or obesity. 

monogeniс dominant A yellow (9) 

vv 
A viable yellow 
ly 

A intermediate yellow 

recessive ob obese (10) 

ad adipose (il) 

db diabetes (12) 

polygenic KZO New Zealand Obese (13) 

KK Japanese obese (I4) 

C3Hf χ I, F 

Wellesley mouse (15) 

II. Mice with diabetes and/or obesity caused by external factors. 

Diseases induced by artificial means such as : 

1. Injury of the hypothalamus 

by microsurgery hypothalamic obese mouse 

by chemical means Gold Thioglucose obese mouse (CTG) 
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2 . Injury of t h e i s l ands of Langerhans 

by chemical means al loxan d i a b e t i c mouse 

s t r ep tozo toc in d iabe tes 

3 . Dist-irbance of t n e homonal balance 

by adminis t ra t ion of c o r t i c o s t e r o i d s 

t r a n s p l a n t a t i o n of a ACTH s e c r e t i n g tuiior 

gonadectomy of the male 

admin is t ra t ion of i n su l in 

4 · Abnormal feeding or abnormal d i e t s 

high fat d i e t 

forced feeding 

5· R e s t r i c t i n g locomotor a c t i v i t y 

The mice t abu la t ed under I with t i e gene t i ca l l y determined d i s 

ease are obese as well as d i a b e t i c . Among the mice l i s t e d under 

I I , t h e hypothalamic obese mouse i s not d i a b e t i c , whereas t h e 

GTG obese mouse i s d i a b e t i c only under ce r t a in cond i t ions . Des

t r u c t i o n of t h e i s l ands of Langerhans causes d i a b e t e s . An increased 

supply of c o r t i c o s t e r o i d s leads in a l l ins tances t o obes i ty and 

d i ab e t e s . Gonadectomy and in su l in admin is t ra t ion , as well as the 

t rea tments mentioned under 4 and 5 r e s u l t in the development of 

obes i ty . 

Of a l l g e n e t i c a l l y determined forms of obes i ty and d i abe t e s , 

t h e obese-hyperglycemic -nouse (—r) has been s tudied most t h o 

roughly (for review : 6, 16) . 



2. A b r i e f h i s t o r i c a l review of s t u d i e s on t h e оЪезе-Ьурег-

glycemic mouse (—r)· 

In 19491 t h e f i r s t obese mouse of t h i s type was found among 

t h e of f spr ing of t h e V-stock at t h e Jackson Laborator ies , Bar 

Harbor, Maine. This new mutation was c a l l e d obese and des ig

nated by t h e symbol ob by I n g a l l s , Dickie and Sne l l (10) . 

The most s a l i e n t f e a t u r e s of t h i s syndrome : hyperglycemia, 

g lucosur ia , i n s u l i n r e s i s t a n c e and hyperphagia were discovered 

in 195'' (Π» 18). In 1952, hyperplas ia and hypertrophy of t h e 

i s l a n d s of Langerhans was r e p n r t e d ( l 8 ) . S t r u c t u r a l changes of 

other endocrine organs were not demonstrated at t h a t t ime. In 

t h e same y e a r , i t was repor ted t h a t obese mice have a very 

low oxygen consumption as compared t o non-obese mice ( 2 o ) . The 

apparent hypometabolism was not obviously r e f l e c t e d in t h y r o i d 

a c t i v i t y because iodine uptake appeared t o be normal ( 2 l ) . On 

t h e other hand, t h e animals are very s e n s i t i v e t o cold (22) 

and show a low locomotor a c t i v i t y (23) , two f e a t u r e s which 

could r e s u l t from hypothyroidism. The mice a l so d isplay hy

percholes teremia (24) . 

In t h e f i f t i e s , much a t t e n t i o n was paid t o t h e l i p i d metabolism 

of t h e obese mouse. I t was shown t h a t l ipogenes i s i s increased 

(25) even under f a s t i n g condit ions (26) and l i p o l y s i s in a d i 

pose t i s s u e i s reduced (27, 28, 29) . The response of adipose 

t i s s u e t o l i p o l y t i c agents such as epinephrine, n o r - e p m e p h n n e 

and ACTH i s reduced, as i s t h e response t o f a s t i n g (28, 29, 30). 

In І96З, Mayer r e p o r t e d t h e presence of g lycerol k inase in a d i 

pose t i s s u e of obese mice (31) which he considered t o be a 

fundamental d e f e c t . 
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During the late s ixt ies , there is a rapid succession of crucial 

puolications on the obese mouse. In 1969» Stauffacher and Re-

nold (32) discovered that the diaphragm of the i r experimental 

animals was not responsive to insulin, whereas adipose t issue 

was insulin responsive. On accoant of these data they sugges

ted that insulin resistance of the muscle t i ssue is one of the 

basic abnormalities of tne syndrome (ЗЗ). Two years la ter , how

ever, Chlouverakis and White pointed out that the adipose t i s 

sue of adult obese mice i s not responsive to insulin (34)· 

The insulin responsiveness of adipose t issue of obese mice 

appeared to Ъе age-dependent. This age-dependency in insulin 

sensit ivity was explored in more detai l by Genuth et a l . (35)· 

They showed that , prior to weaning at 3 weeks of age, diaphragm 

t i s sae of obese mice has a normal sensit ivity to insulin, 

Because elevation of the plasma insulin level was the f i r s t 

detectable abnormality in their study, they presented the idea, 

that a high beta cell sensit ivity to carbohydrate stimulation 

could be a primary event in the genesis of the syndrome. 

The investigations of Strautz (36, 37) published in 1968 and 

1970, provided strong support for the idea that the primary 

genetic defect is localized in the islands of Langerhans. His 

transplantation experiments of islands indicate that m obese 

islands an essential factor is missing, which is present m 

normal islands. The absence of th i s factor should be respon

sible for the development of hypennsulinemia, insulin re s i s 

tance and hyperglycemia. 

Looking back at the history of the development of our knowledge 

about the obese mouse, i t i s clear that from 1949 unt i l the 

early s ix t ies , most investigations aimed at a description of 

the features of the fully developed syndrome m the adult obese 

mouse. Only after the discovery of the muscle insulin resistance 

by Stauffacher and Renold in 1969 (32), the obese syndrome 

was studied in the perspective of development. However, because 
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the obese mouse can phenotypically, not be diBtinguished from 

its normal littermates before it has reached an age of 4 to 

5 weeks, most of the investigations on the development of the 

syndrome did not cover younger stages. 
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3 . Time sequence in t h e occurrence of abnormal i t ies of t h e 

development of the syndrome in obese mice. 

In t h e l i t e r a t u r e 4 phases of the development of the syndrome 

are d i s t ingu ished : 

1. The asymptomatic phase - No symptom d e t e c t a b l e . 

Duration about 3-4 weeks. 

2 . The dynamic phase of obesi ty - Rapid weight g a m , i nc r ea 

s ing serum i n s u l i n and blood 

glucose concent ra t ion . 

3 . The s t a t i c phase of obesi ty - Constant bod,/ weight. 

4 . The phase of t h e aged syndrome- Weight l o s s , abnormal i t ies 

gradual ly d isappear . 

The asymptomatic phase ac tua l ly ends at t ha t age when t h e f i r s t 

symptom of t h e syndrome becomes de t ec t ab l e . I t may be c lea r t ha t 

a sharp d i s t i n c t i o n between the subsequent phases does not e x i s t . 

Overweight of obese mice was es tab l i shed by Westman (38) t o 

become evident at 26 days and by Chlouverakis et a l . at 21 

days (39) · At 23-25 days, obese mice can be i d e n t i f i e d with 

reasonable c e r t a i n t y by assaying t h e i n su l in to l e rance (38) . 

On account of these data i t seems tha t the asymptomatic phase 

coincides with t h e preweaning period which ends at t h e age of 

21 days. After t h i s per iod, the various symptoms of the syn

drome become manifested within a short per iod of t ime . 

At the age of 4 weeks, an increased insu l in to l e rance (38) , 

a glucose in to l e rance as demonstrated by t h e induction of 

g lucosur ia by in j ec t ions of glucose (40) and h y p e n n s u l i n e -

mia (35i 38) a re ev ident . The age at which hyperglycemia can 

be demonstrated va r i e s for d i f ferent l a b o r a t o r i e s . Whereas 

Westman (38) r epo r t s i t s demonstration at an age of 4 weeks, 

Genuth et a l . (35) can detect : t only a f t e r 9 weeks of age. 

Moreover, whether hyperglycemia w i l l develop depends on t h e 
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g e n e t i c Ъаск^оипа of t h e mouse s t r a i n used (41 ) · Also t h e i n 

s u l i n r e s i s t a n c e of muscle t i s s u e develops during t h e dynamic 

phase of obes i ty , as was shown in 1969 by Chlouverakis and 

White (34) · The age-dependency of t h i s phenomenon was empha

s ized Ъу t h e s e authors and i t was s tudied in more d e t a i l by 

Genuth et a l . in 1971 (35)i who e s t a b l i s h e d t h a t i n s u l i n r e 

s i s t a n c e of diaphragm t i s s u e i s absent p r i o r t o weaning, but 

well developed at 6 weeks of age. 

The t h i r d phase of t h e syndrome i s c h a r a c t e r i z e d by a constant 

high body weight. I t l a s t s from about 5 months of age u n t i l 

IB-I? months of age (38) . 

The fourth phase of t h e syndrome i s c h a r a c t e r i z e d by a gra

dual normalizat ion of t h e syndrome. The animals lose weight, 

so t h a t at about 20 months of age, obese and non-obese mice 

have approximately t h e same weight. The same holds for plasma 

i n s u l i n and glucose concentrat ion (38), t h e normal izat ion of 

which was s t a r t e d a lready in t h e t h i r d phase. 
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4. Specific oh.-iectives and difficulties of this study. 

This investigation should be seen as an attempt to define and 

localize the primary genetic defect of the obese-hyperglycemic 

syndrome in the mutant moase —r . It was this aim which placed 

the accent on the investigation of the syndrome. However, for 

this type of investigation, the obese mouse is not particularly 

well suited. The ohese mouse is sterile. The only practical way 

ob 
to obtain mice of the genotype —r is to mate mice heterozygous 

for ob. Furthermore, it is only after 4 weeks that the presence 

of obesity becomes obvious. Before the age of 4 weeks, the exter

nal phenotype of the obese mouse is not different from the pheno-

type of its normal littermates. Since information about the early 

development was required, experiments had to be carried out with 

ob 
animals of unknown genotype. Animals of the genotype —r could be 

recognized only afterwards, at about 4 weeks of age. This causes 

some disadvantages : 

1. An extra large number of animals must be studied. The off

spring of the mating — χ — , which was used throughout this 

investigation, is theoretically composed of 25% —r- animals (obese 

phenotype) and 7 5 % — and— animals ("normal" littermates). Thus, 

the control group is three times larger than the experimental 

group. 

2. The animals should not die as a consequence of an experiment. 

All animals must stay alive in order to allow the identifica

tion of their genotype at about 4 weeks of age. This simple re

quirement inhibits the performance of certain experiments and ma

kes other experiments more difficult. Histological and biochemi

cal studies on brain tissue for example, are impossible to carry 

out with mice younger than 4 weeks because the operation is le

thal. Other operations, such as removal of a piece of pancreas 

tissue to study structural changes of the islands of Langerhans 

can be succesfully performed on very young mice but post-operative 

events, failure of acceptance by the mother or removal of the su

ture may cause the passing away of these nurslings. 
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In order t o approach t h e goal as ou t l ined above in s p i t e of t h e 

I m i t a t i o n s mentioned, not only many animals have to be s t ad ied , 

but because t h e inves t iga t ion i s done with very young mice, 

microdstermmations , adap t e ! instruments and new techniques 

were necessary t o overcome the problems of t h e small amounts 

of m a t e r i a l . 

The f i r s t aim was t o determine at what t ime in the development 

of t h e syndrome, t h e f i r s t signs of obes i ty become manifest . 

The exact t iming of t h e onset of obesi ty i s an important e l e 

ment for an answer t o the question what t h e causal r e l a t i o n 

between obesi ty and hypennsulmemia i s . Is obesi ty a conse

quence of, or does i t preceed hypennsul inemia in t h e obese-

hyperglycemic mouse ? 

The second aim was to e s t a b l i s h whether or not t h e obese mouse 

should be considered euthyroid. Although euthyroidism has been 

suggested by severa l au thors , hypothyroidism can not be ex

cluded on the bas i s of the data a v a i l a b l e . After the e s t a b l i s h 

ment of hypothyroidism m the adult obese mouse, an attempt 

was made t o determine at what time m development hypothy

roidism becomes manifest . 

The s tud ies on thyro id function led to the t h i r d aim, an i n 

v e s t i g a t i o n of the development of re f lexes and behavioral 

components, of locomotor a c t i v i t y and body growth and a com

par ison of t h e t ime at which these fea tu res occur in the obese 

and non-obese mice. 

The fourth aim was t o demonstrate t ha t t h e obese dwarf mouse 

has t h e e s s e n t i a l c h a r a c t e r i s t i c s of the obese—hyperglycemic 

mouse because t h i s would ind ica te t ha t growth hormone can not 

play an e s s e n t i a l r o l e in the development of the syndrome. 

A demonstration as such would i nva l i da t e an e a r l i e r suggestion 

of Herbal et a l . (42, 43 , 44) · 
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Chapter I I . 

The enlargement of epididymal adipocytes in 

r e l a t i o n t o hypennsul inemia in 

obese-hyperglycemic mice (-77). 

16 



Summary 

The diameters of epididymal fat cells of 12 to 17 days old 

obese and normal littermates were compared following opera

tive removal of the epididymal fat body. The animals were 

kept alive and checked for obesity at an age of 6 weeks. 

Fat cells of genetically obese mice began their fast growth 

between day 12 and day 14· At this age it is possible to 

identify on the basis of fat cell diameters three classes, 

representing — , — and — respectively, which shows that 

the ob allei is incompletely dominant. 

Measurements of the plasma insulin concentration revealed 

that hyperinsulinemia, which is characteristic for the 

obese-hyperglycemic syndrome, is not manifested before the 

beginning of the fourth week. Since hyperinsulinemia becomes 

evident at a later stage m the development than the rapid 

increase in growth rate of the fat cells, it seems that the 

insulin resistance and the hyperinsulinemia can not be the 

primary cause of the enlargement of the epididymal adipocytes. 
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I n t r o d u c t i o n 

The monogenic recess ive obese-hyperglycemic syndrome i s 

character ized by t h e following features : obes i ty , hyper

glycemia, i n s u l i n r e s i s t a n c e and hypennsul inemia ( 1 ) . 

So far , t h e age at which obesity begins t o develop has not 

been accurate ly e s t a b l i s h e d . I t i s well known that t h i s t r a i t 

i s e x t e r n a l l y v i s i b l e at 3-4 weeks of age. At t h i s s tage of 

development t h e fat content of t h e body i s s i g n i f i c a n t l y higher 

in obese as compared with normal l i t t e r m a t e s ( 2 ) . The epididy

mal fat body i s a lready c l e a r l y enlarged at day 16, however 

( 3 ) . 

With respect t o t h e o ther features i t i s known t h a t h y p e n n s u 

linemia i s a l so d e t e c t a b l e at ал age of 4 weeks (4, 5)? where

as i n s u l i n r e s i s t a n c e i s well e s t a b l i s h e d at 6 weeks, but not 

d e t e c t a b l e at 2.5 weeks and hyperglycemia develops l a t e r (5)1 

although Westman (4) concludes t h a t h y p e r i n s u l m e n i a and hyper

glycemia develop simultaneously at about 4 weeks of age. 

The present study, which i s part of a program searching for 

t h e primary effect of t h e obese gene, aimed at a c l e a r d e f i 

n i t i o n of whether or not obesity does develop before or con

comitant witn t h e occurrence of h y p e n n s a l i n e m i a . 
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Material and methods 

Experimental an ina l s 

The animals used in t h i s study were male ohese mice (genotype 

—τ- ) and normal mice ( — ard — ) o r i g i n a l l y derived from t h e 

Jackson Memorial Laboratory (Bar Harbor, Maine). The stock 

was kept in a condit ioned laboratory environment and propa

gated by mating heterozygous p a r e n t s . The of fspr ing of t h e s e 

rnatmgs cons i s t s of — , — and — animals in t h e p r o p o r t i o r s 

1 : 2 : 1 . 

Fat c e l l diameter measurements 

For t h e study of fat c e l l growth, c e l l s of t h e epididymal fat 

body were used. The fat body was removed under e ther anes the

s i a fron an ina l s of 12, 14, 15i 16 and 17 days r e s p e c t i v e l y . 

The animals were kept a l i v e for t h e i d e n t i f i c a t i o n of obese 

and p i e n o t y p i c a l l y normal mice at an age of 6 weeks. I s o l a t e d 

fat c e l l s were obtained by a modification of t h e method des

cribed by Rodbell ( 6 ) . The fat body was t r a n s f e r r e d t o a 

0.15 M NaCl s o l u t i o n , containing 450 u n i t s col lagenase (Sigma) 

per ml and incubated for 30 mm at 37 С with occasional sha

k ing . 50 μΐ samples of t h e r e s u l t i n g c e l l suspension were 

t r a n s f e r r e d t o a counting chamber with an inner height la rge 

enough t o enable t h e c e l l s t o r e t a i n t h e i r o r i g i n a l s p h e r i c a l 

shape. 

A microscope equipped with a Leitz camera luc ida was used t o 

measure t h e diameter of 300 randomly chosen fat c e l l s . Because 

t h e frequencies of t h e diameter values were not normally d i s 

t r i b u t e d , t h e median value was used t o c h a r a c t e r i z e t h e d i a 

meter of t h e r e s p e c t i v e c e l l populat ions measured. All compu

t a t i o n s were made with a Diehl Combitron-S-20 desk computer. 
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Blood glucose 

Blood was obtained from t h e o r b i t a l plexus with a p r e c i s i o n 

c a p i l l a r y (Drummond Sci Co) and d e p r o t e i m z e d with a 0.16$ 

uranj 1 a c e t a t e s o l u t i o n in 0.15 M NaCl. The c o l o r i m e t r i e 

determinat ions are based on a glucose oxidase r e a c t i o n 

(Boehnnger blood sugar GOD method). 

Plasma m s v l i n 

I n s u l i n was determined by a radioimmunoassay according t o t h e 

method С of Hales and Handle (?) with an assay k i t ava i lab le 

from t h e Radiochemical Centre (Amersham). Highly p u r i f i e d ox 

i n s u l i n (BOH) was used as a s tandard. The r a d i o a c t i v i t y was 

determined by l i q u i d s c i n t i l l a t i o n counting (Packard T n c a r b 

3375 and P h i l i p s PW 4510-01, ef f iciency 34$). 

Resul ts 

Fat c e l l growth 

The primary aim of t h e experiment was t o determine t h e afe 

at which t h e epididymal fat c e l l s of genotypical ly obese mice 

begin t o grow f a s t e r than t h e fat c e l l s of non-obese mice. 

Since measurements on fat c e l l diameters of mice of d i f ferent 

l i t t e r s of t h e same age revealed considerable v a r i a t i o n s 

( t a b l e l ) , probably as a consequence of d i f ferences in l i t t e r 

s i z e and milk production of t h e mothers, comparisons between 

obese and non-obese ( — and — ) fat c e l l s are based upon a 

c a l c u l a t e d percentage of increase in diameter of fat c e l l s 

in obese r e l a t i v e t o those of nor.-obese ( includes homozygoas 

and heterozygous mice) from t h e same l i t t e r . The r e l a t i o n 

between th_s index of increase in fat c e l l diameter and t h e 

age of t h e animals was submitted t o a regress ion a n a l y s i s . 

The r e s u l t s are shown in f i g . 1, t h e formula of t h e regress ion 

l i n e being : 

Y = 17.24 X - 228.67 ; η = 22; г = +0.86; F< 0.001 m which 
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Table 1. 

The r e l a t i o n "between l i t t e r s i z e and fat c e l l diameter in 

l i t t e r s at an age of 14 days. 

litter nr. 

18 

19 

20 

21 

22 

23 

24 

litter size 

6 

9 

11 

9 

12 

10 

12 

mean of median values of 

epididymal fat cell dia

meters of normal mice m 

a litter (μ) 

30 

25 

18 

18 

17 

25 

14 

L i t t e r s i z e and mean of median values of epididymal fat c e l l 

diameters of normal mice in a l i t t e r are negat ive ly c o r r e l a t e d . 

( d.f. = 5 , r = -0.86 , 0 . 0 1 < P < 0 . 0 2 ) 

/mean of t h e median (M) of a l l оЪезе mice in a l i t t e r 

"\mean of t h e median (M) of a l l поп-оЪезе mice in a l i t t e 

X = age in days 

η = t o t a l number of l i t t e r s 

г = c o r r e l a t i o n coef f ic ient 

Ρ = p r o b a b i l i t y 

-1 χ 100 
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16 17 
зде(days) 

F i g . 1 

Relat ive growth of fat c e l l s in t h e epididymal fat body of 

obese mice. 

S t r a i g h t l i n e : c a l c u l a t e d regress ion l i n e . 

Curphed graph : Mean of t h e median values for t h e index of 

increased fat c e l l s i z e ol obese mice. At each point t h e 

SEM i s i n d i c a t e d with t h e пптЪег of l i t t e r s s t u d i e d . 

Although t h e graph l e p r e s e n t m g t h e r e l a t i o n between t h e i n 

dex of increase in fat c e l l diameter in obese and t h e age de

v i a t e s from t h e c a l c u l a t e d regress ion l i n e , t h e c o r r e l a t i o n 

between age and r e l a t i v e fat c e l l diameter i s such ( P < 0 . 0 0 1 ) 

t h a t not too much s ign i f icance should be a t t r i b u t e d t o t h e 

dev ia t ion which i s seen m p a r t i c u l a r over t h e per iod from 

day 14 t o day 16. In any case, i t seems j u s t i f i e d t o conclude 

from t h e s e data t h a t t h e fat c e l l s of homozygous оЪезе mice 
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begin their enlargement relative to their normal littermates 

between 12 and 14 days of age. Therefore, epididymal fat cell 

enlargement may be used as a feature to discriminate between 

genetically obese and normal littermates at an early stage 

of development. In all litters (20) older than 12 days the 

mean of the median diameter of obese fat cells was clearly 

higher than the mean of M of the normal littermates (paired 

analysis, P<0.05). 

In some litters inspection of the frequency distribution of 

fat cell diameter of littermates at day 14 revealed 3 "types : 

a small group of animals with small fat cells, a larger group 

showing intermediate diameters and another small group of ani

mals having large cells. Pig. 2 presents an example of a lit— 

j.1. -. ι + °b -, ot 
ter with 3 male mice, one — , one — and one —7- mouse. 

' + ' + ob 
ob 

At an age of б weeks animals of group 3 turned out to be -^ 

animals. The genotype of animals from the other groups was 

determined by testmating with heterozygotes, testing the 

progeny for obesity. The results are presented m table 2. 

оЪ + 
The probability to predict 3 — and 3 - Ъу chance is 0.01. 

This evidently shows that it is possible to differentiate 

between homozygous — and heterozygous —— on the basis of 

diameter values of epididymal fat cells. 
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32 бі. 96 128 160 192 221 256 2ββ 320 352 361 Мб UB ΙΛΟ 512 

tat cell diameter μ 

Pig. 2 . Frequency dis-tr ibution of fat c e l l diameters in t h e 

epidid^'nai fat body of indiv idual mice. The t h r e e genotypes 

— (median value 19 μ) ι — (median value 24 μ) and —r- (median 
ob 

value 29 μ) can be recognized. 

Table 2 

Resul ts of t e s t - T i a t i n ^ of mice with intermediate and low mean 

diameter j of epididymal fat c e l l s with he 'егозу got es for 00 

mouse n r . 

66 

67 

68 

69 

70 

71 

fat c e l l 
diameter 

interm. 

small 

interm. 

small 

small 

interm. 

foi.rtype p r e 
d ic ted on t h e 
basiL of fai c e l l 
d Lanet ers 

Ou 

+ 
+ 

ob 
+ 
+ 
+ 

+ 
ob 
+ 

0 Poe i n 

t i : f i r s t 
l i t t e r 

+ 

-

+ 

-

-
+ 

obese m 
t h e second 
l i t t e r 

-

-

-
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Blood, glucose 

Fig. 3| which presents the results of colorimetrie determina

tions of blood placóse levels, indicates that hyperglycemia 

becomes evident between 6 and 8 weeks. Only froti 8 weeks on 

the difference in blood glucose concentration between obese 

and normals is significant (Student t-test: t = 3.74, d.f. = 311 

P<C.00l)· 
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age (weeks) 

Fig. 3· Slood glucose concentrat ion of obese and non-obese mice 

in r e l a t i o n to age. 

From 8 weeks on t h e di f ference between obese and non-obese a n i 

mals i s s i g n i f i c a n t (Student t - t e s t : t = 3-74, d.f. = 31, P<O.OOl). 

At each point t h e SEM i s i n d i c a t e d . 
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Plasma i n s u l i n 

F i g . 4 representa t h e data of radioimmunoassays of plasma insu

l i n , whicj·4 reveal t h a t hypennsul inemia can Ъе detected only 

a f t e r 4 weeks. The di f ference Ъetween obese and normal mice i s 

s i g n i f i c a n t from 4 weeks on (Student t - t e s t : t = 3.60, d.f. = 20, 

0 . 0 0 1 < P < 0 . 0 1 ) . 
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г •' 
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/ 
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age (weeks) 

Pig . 4 · Plasma immunoreactive i n s u l i n concentrat ion ( expressed in 

ox i n s u l i n u n i t s ) in obese and non-obese mice as a function of age. 

The di f ference m i n s u l i n concentrat ion between obese and non-obese 

animals i s s i g n i f i c a n t from 4 weeks on (Student t - t e s t : t = 3-60, 

d.f. = 20, 0 . 0 0 1 < P < 0 . 0 1 ) . 

At each point t h e SEM i s i n d i c a t e d . 
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Plasma insjlin-glucose relationship 

In fig. 5 'the rat io insulin/glucose i s plotted against age. 

In obese mice, th i s index of insulin resistance increases 

progrsssivelv- beginning after 4 weeks, whereas the rat io for 

normal mice remains constant at about O.3O. After 6 weeks 

the rat io in obese mice i s almost 10 times as high as m normal 

l i t termates. 
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/> 
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.=^4—f i — Г \ ^ 

9 10 
age (weeks) 

Fig. 5· The rat io plasma insulin over blood glucose concentra

tion in obese and non-obese mice in relation to age. 

Over the period of development studied, the index of insulin 

resistance remains the same for non-obese mice, whereas after 

4-5 weeks a clear increase i s observed in obese mice. 
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Dj-scussion 

ОЪезе mice with established obesity have greatly enlarged fat 

cells in their epididymal fat body (8). Hyperplasia of epidi

dymal adipocytes contributes üittle to the increased weight of 

this fat pad (9)· Fjve months old obese mice have cell diame

ters of around 95l-L) normal ir.ice around 71 μ (8). (volumes of 

44.8 χ 10 and 18.7 x 10 μ respectively). At day 14 these 

figures are 27μ and 21μ (volumes 1 χ 10 and 0.5 χ W3 μ ) 

respectively. The difference in fat cell diameter is first 

detectable around the 13th day. Since at this early stage of 

development heterozygotes can be recognized by their interme

diate cell size, it seems tnat tne ob allei is incompletely 

dominant., in other words that the ob allei is expressed in 

the heterozygotes. A similar conclusion iray be derived from 

the data on the oxidation of glucose m vitro by the epididy

mal fat body of 3-b months old mice homozygous or heterozy

gous for the ob gene (lu). 

With regard to the question how the relative increase in fat 

cell diameters in obese mice is brought about, it could be 

suggested that this is a consequence of an increased accumu

lation of lipids. The increased accumulation could result 

either from a higher rate of lipogenesis ind/ or a lower 

rate of lipolysis in obese fat cells than in norral fat cells. 

With respect to lipolysis it is known Lhat under in vitro 

conditions lipolysis in the obese faz body is irpaired. This 

could be due to a lower sensitivity to catechol amines (11, 12). 

The in vivo response of obese fat body to catecholamines 

appeared to be similar to that of non-obese mice (13)· How

ever, it could be argued that the quantity of free fatty acids, 

used as a parameter in these experiments, does not give ade

quate information about the sensitivity to catecholamines 

in mice which differ significantly m the amount of lipids 

stored in fat cells. It, thus, cannot be excluded that a re

duced sensitivity of obese fat cells to catecholamines cau-
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ses a reduction in lipolysis with, as a consequence, increase 

in intracellular lipid and increased cell growth. 

Also high rates of lipogenesis way play a role ir the increase 

in cell diameter. It is well estal)lished that 8-9 week old 

obese mice have a strongly increased lipogenesis from acetate 

(14)· Since insulin is known to influence lipogenesis, it 

could be suggested that the increased lipogenesis m obese 

mice results from hyperinsulmenua. In the Bar Harbor obese 

stock,however, hypennsulmemia cannot be the cause of the 

increased lipogenesis since the hypennsulmemia becomes ma

nifest only after 4 weeks (see also: Genuth et al., 1971 

(5) ), whereas the increase m fat cell diameter begins al

ready after 13 days. An explanation can be found in the depo

sition of fatty acids of exogeneous origin in the epididymal 

adipocytes of obese mice as shown by Lemormier et al. (15) 

for adult obese nice. 

Among the features of the obese-hyperglycemic syndrome, the 

increase in fat cell volume appears to be tne first detectable 

factor in the development of this syndrome. It remains to 

be established, however, which factor(s) are responsible 

for the change in lipid metabolism causing the increased 

growth rate of the fat cells at an early stage m develop

ment . 
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Chapter I I I . 

The r o l e of t h e t h y r o i d m t h e development 

of t h e obese-hyperglycemic syndrome in 
/ОЪч 

mice ( ^ ) . 
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Затітагу 

Some aspects of thyroid activity in оЪезе mice were investi

gated. Protein Bound Iodine (P3l), Hormonal Iodine (Hi), 

Total Thyroxin (TT4) m plasma, -* I uptake and release 

from the thyroid and apical cell width and nuclear volume 

of the thyroid epithelial cells were determined in various 

age groups m obese and non—ohese mice. 

On the Ъазіз of the results of the conparison between the 

obese and non-obese mice it was concluded that the geneti

cally obese mouse is hypothyroid. This conclusion is suppor

ted by the finding that body temperature which is low in 

obese mice, can be raised by thyroxin injections to normal 

values. An increased sensitivity for exogenous thyroxin can 

be shown also in the induction of liver mitochondrial oc-

glycerophosphate dehydrogenase. The possibility that hypo

thyroidism is one of the causes of the obese-hyperglycemic 

syndrome is discussed. 
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Introduction 

The оЪ зе-ЬурегеІусетю syndrome in mice, a recessive 

monogenic syndrome discovered Ъу Ingalls et a l . in 1950 

( l ) , affects a great variety of metatiolic and endocrine 

functions (2, 3) . A nuirfber of the characterist ics of th i s 

syndrome, such as high levels of hlood cholesterol (4, 5)1 

increased sensit ivity to cold (6, 7)t high sensit ivity to 

thyroxin (8, 9) and low locomotory activity (lO), are in

dicative for a hypothyroidal s t a t e . On the other hand, the 

hasal metabolic rate (ВИН) I S 44$ lower in obese than in 

normal mice (8), others reported higher BMR m obese mice 

(11, 12). In addition to th i s discrepancy, histological 

studies of the thyroid (13) and the results on '->"l uptake 

by the thyroid of obese mice failed to provide arguments in 

favor of hypothyroidism (14, 15)· 

Since the thyroid plays an important role m the early post

natal development of the central nervous system (16, I7) 

and interferes with the basal metabolic ra te , muscular 

act ivi ty and lipolysis ( l8, 19), i t could play a significant 

role in the development of obesity. It thus appeared essen

t i a l to s e t t l e the question of whether or not hypothyroidism 

does occur in obese mice. 
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Mater ia l and methods 

Experimental animals 

The animals used in t h i s study were оЪезе (genotype — ) 
ъ 0 

and поп-оЪезе l i t t e r m a t e s ( — and — ) o r i g i n a l l y derived 

from t h e Jackson Memorial Laboratory (Bar Harbor, Maine) 

and goldthioglucose оЪезе mice (CTG). In t h e l a t t e r , obes i ty 

was induced Ъу an i n j e c t i o n of goldthioglucose at a dose of 

1 mg/g at 7 weeks of age. 

The stocks were maintained in a condit ioned laboratory en

vironment and propagated by mating heterozygous p a r e n t s . The 

animals were fed an All Hope Farms d i e t RMH-B conta in ing 

O.4O Μ·δ iodine per gram. For t h e experiments with equalized 

exogenous iodine supply, mice were fed a iodine-poor d i e t 

with O.O4 μβ iodine per gram for 14 days before t h e e x p e r i 

ment was s t a r t e d . 

Body temperature 

In mice older than 3 weeks r e c t a l temperature was measured 

with a TRI-R e l e c t r o n i c thermometer model TWL equipped with 

probe number 16 (1.5 mm t h i c k ) which was i n s e r t e d I5 mm. 

In mice younger than 3 weeks a 1.0 mm t h i c k probe with a 

copper-constantane junct ion was i n s e r t e d 12 mm. A second 

junct ion was used as a re ference and held in a thermostated 

waterbath at 37·2 С. The temperature dependent vol tage dif

ference between t h e two couples was r e g i s t e r e d by a voltme

t e r in μΥ, t h e v o l t a g e di f ference being 18.4 μν per 1 С 

Thyroxin inflections 

Thyroxin (Fluka) was in jec ted i n t r a p e r i t o n e a l l y . The s o l u 

t i o n was made 0 . I 5 M NaCl (pH 9·θ) conta in ing 2.5 μg thyroxin 

per ml. Mice were i n j e c t e d twice a day. 
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g-Glycerophosphate dehydrogenase assay 

Mice were k i l l e d by c e r v i c a l d i s l o c a t i o n · The l i v e r was 

excised, weighed and homogenized in 0.15 M KCl with a P o t t e r 

Elvehjem homogemzer with a Teflon-glass p e s t l e . 0.25 ml 

samples from t h e homogenates ( l g 1і ег/і0 ml) were taken 

for t h e tranometric assay described by Richert et a l . (20) . 

The Oo-consumption was recorded in μΐ/ηηιη/25 mg fresh l i v e r 

and as μΐ/πιη/mg p r o t e i n . P r o t e i n determinat ions were done 

a f t e r Lowry et a l . ( 1 9 5 0 · Equal samples of homogenate wi th

out s u b s t r a t e were used as c o n t r o l s . 

Uptake and r e l e a s e of rad io iodine from t h e t h y r o i d 

Mice were i n j e c t e d with 5-7 M-Ci c a r r i e r - f r e e Na I ( spec. 

a c t . 6-20 mCi^g I , Radiochemical Centre, Amersham). 

Thyroidal r a d i o i o d i n e content was determined by in vivo count

ing with a 1.75 inch Nal s c i n t i l l a t i o n d e t e c t o r (Harshaw type 

738/2EX) coupled t o a high vol tage supply and a c t i v i t y analyzer 

( P h i l i p s PW 4620/00 and PW 46ЗЗ/ОІ). 1 3 1 I was determined at t h e 

264 KeV gamma emission peak with a window of 50 KeV. Mice were 

held by hand with t h e i r necks centered above t h e lead sh ie lded 

s c i n t i l l a t i o n d e t e c t o r . The lead s h i e l d had a hole of 15 mn 

diameter . The ef f ic iency of t h e equipment was 1.45$· 

Correct ions were made for background r a d i o a c t i v i t y , phys ica l 

decay of t h e i sotope and non-thyroidal r a d i o a c t i v i t y . 

Thyroidal uptake at 24 hours a f t e r i n j e c t i o n was expressed as 

a percentage of t h e i n j e c t e d dose . Release s t u d i e s were s t a r t e d 

at 48 hours a f t e r i n j e c t i o n of t h e i s o t o p e . The t h y r o i d a l r a d i o 

iodine content was determined at subsequent days and expressed 

as a percentage of t h e i n i t i a l coont taken at 48 hoars a f t e r 

i n j e c t i o n . The r e l a t i o n between t ime and log of t h e r e s i d u a l 

r a d i o a c t i v i t y i s l i n e a r and can be c a l c u l a t e d by t h e method 

of l e a s t squares . The b i o l o g i c a l h a l f - l i f e t ime (t I/2) was 

c a l c u l a t e d from t h e indiv idual regres s ion l i n e s . 
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J e t e r m i n a t i o n of Hormonal Iodine (Hi) 

The methoa used ьаз a modification of t h e method descr ibed 

Ъу Kreutzer (21) for human plasma. In order t o obta in 

nlasma samples of 0.5-1.0 ml, t h e hlood of 3 mice was 

pooled. Samples were run through a column of Oowei-50 Wx2 

(200-400 mesh, H form). The column was washed s u c c e s s i 

vely with 8.0 n l И HCl, 8 ml 1.0 if NaCl, 10 ml b o r a t e 

buffer (pH 8.5) and 4 ml aqua d e s t . F i n a l l y t h e t h y r o i d 

hormones are e l u t e d with 2.5 ml 0.02 N NaOH. In t h e e l u a t e 

of plasma samples of 0.5 ml, 150-300 μ^ p r o t e i n i s found. 

The iodine determination was carr ied out as follows: t o 

t h e e l u a t e s and s tandards (0-2.10 μ£ thyroxin) 1 ml 

5 N H2SO4 and 0.2 ml 0.15 N NaCIO i s added. 10 mm l a t e r 

1 ml arsenious ac id i s added. The addi t ion of NaCIO 

caused t u r b i d i t y which might inf luence t h e absorbance 

measurements. In order t o correct for t h i s effect t h e 

absorbance at 415 mM· w a s neasured before and 30 mm a f t e r 

a d d i t i o n of 0.5 ml c e n e r e a g e n t . Following exact ly 30 mm 

a f t e r t h e a d d i t i o n of t h i s reagent t h e absorbance at 

415 га1^ l s r e a d . On semilog paper t h e r e l a t i o n between con

c e n t r a t i o n on t h e decimal axis and absorbance on t h e loga-

n t m i c axis i s l i n e a r . 

J e t e r m m a t i o n of P r o t e i n Bound Iodine (PBl) 

PBI was d e t e m m e d by t h e method described by Barker ( 2 2 ) . 

Determination of t o t a l Thyroxin TT/] 

The TT4 assay i s oased on t h e competit ive binding method 

described by Murphy and P a t t e e ( 2 3 ) . The s e n s i t i v i t y was 

increased by us ing a highly d i l u t e d t h y r o x m - b m d i n g 

g lobul in s o l u t i o n prepared from human serum. 
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HiB-tometry of the -thyroid 

The excised thyroid was frozen in liquid nitrogen. 

After a 4 hour period of temperature equilibration in 

the cryostat (Slee, London, type HS) at -18 C, 7 μ 

sections were made and stained with Giemsa's solution 

(Azur-eosin methyleneblue solution, Merck). Determi

nations of the follicle diameter, питЪег of epithelial 

cells per follicle section and nuclear volume of the 

epithelial cells were made after drawing the follicles 

and nuclei Ъу means of a microscope equipped with a 

camera lucida (Leitz). The arbitrary volume of the 

nuclei of the epithelial cells was calculated using 

the formula for the prolate epheroid (24): 
2 

volume = constant χ "b.l . in which: 

Ъ = the length of the major axis 

1 = the length of the minor axis 

The apical cell width was calculated with the formula 

(25): 

apical cell width = constant χ d.1 in which: 
IT 

d = the inner diameter of the follicle 

η = the number of epithelial cells in a given follicle 

section. 
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Resul ts 

Diurnal v a r i a t i o n of Ъосіу temperature 

Rectal temperature was recorded during a 24 hour cycle in 

9 obese and 9 non-obese male mice, 8 weeks of age ( f i g . l ) . 

Body temperature i s at i t s minimum at t h e t r a n s i t i o n of 

t h e dark t o t h e l i g h t p e r i o d . Non-obese as well as obese 

mice show t h i s d i u m a l rhythm. The di f ference in body tem

p e r a t u r e between t h e minimum in t h e l i g h t per iod and t h e 

maximum in t h e dark per iod i s 2.0 0 in obese and 1.5 С in 

non-obese mice. 
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Pig . 1. Diurnal v a r i a t i o n of body temperature of obese and 

non-obese mice, 8 weeks of age, during a 24 hour cycle with 

f ixed l i g h t and dark p e r i o d . The obese and non-obese group 

cons i s ted of 9 males each. The mean and t h e SEM i s i n d i c a t e d . 



Body temperature in оЪезе and поп-оЪезе n ice of both sexos 

In t a b l e 1, body temperature in young and adult obese and 

non-obese mice are given. I t can be seen t h a t t h e t e n p e r a -

t u r e di f ference between obese and non-obese mice i s not 

sex dependent. Normal female mice have a higher tempera

t u r e than normal males. This di f ference in temperature 

between t h e sexes i s not present between obese females 

and obese males. 

Table 1 

Body temperature of obese and non-obese mice of both sexes 

age 
(weeka) 

4 

8-9 

non-obese j ? 

37.99 + 0 . 0 9 (12) 

37.80 + 0.08 ( 5) 

поп-оЪезе ââ 

37.43 ¿ 0 . 2 3 (14) 

37.42 + 0 . 1 0 ( 5) 

оЪезе су 

36.70 + 0.06 (10) 

36.43 + 0 . 1 0 ( 5) 

obese ââ 

36.64 + 0.07 (11) 

36.46 + 0.07 ( 5) 

Values represent mean + SEM. Number of observat ions in paren

t h e s e s . I r r e s p e c t i v e of t h e sex, mean body temperature of obese 

mice i s decreased ( P < 0 . 0 1 ) . 

The sex-dependent d i f ference in body temperature between oo and 

βδ normal mice ( P < 0 . 0 5 ) i s not d e t e c t a b l e between %% and βδ 

obese mice. 
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Rectal temperature in mice from the 10th t o the 21st day 

In 16 l i t t e r s (50 lean and 15 ooese <?<?) r e c t a l temperature 

was determined from day 10 t o 21 . The r e s u l t s are shown 

in f i g . 2. 

Non-obese control mice show a gradual increase of hody 

terrperature over the period s tud ied . At t h e age of 3 weeks 

they have reached the regu la r adult body temperature . 

Obese mice have a lower temperature than non-obese mice 

from the 10th day on. 

body temperature 0C-

37 

36 

35-

non-obese 

obese 

J I I L_L. J I I I I I l—L 
10 15 20 

AGE (days) 

Fig. 2. The age dependent body temperature of young obese and 

non-obese mice (males) . Individual mice were marked at the age 

of 10 days and c l a s s i f i e d in obese and r.on-obese at 5—6 weeks 

of age. The mean and t h e SEM was ca lcu la ted from determinations 

on 15 obese and 50 non-obese mice. At a l l ages s tudied (except 

12th and 15th day) obese mice have a lower body temp, compared 

with non-obese mice (P < O.O5). 
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As m t h e contro l mice, t h e body temperature m obese mice 

increases as they grow older . However, t h e increase s tops 

at t h e age of about 16 days. Prom t h e 16th day on body 

temperature remains constant at t h e adult l e v e l . During t h e 

per iod s tudied, t h e temperature di f ference between obese 

and non-obese mice increases from 0.3 С t o about 1.0 C. 

Rectal temperature in mice older than 4 weeks 

Rectal temperature was determined in obese and non-obese 

male mice of 4-20 weeks of age ( t a b l e 2 ) . 

Table 2 

Rectal temperature m male mice from 4-20 weeks of age 

age 

(weeks) 

4 

5-6 

8-9 

9-10 

20 

20 

obese 

36.64 + 0.07 (11) 

36.09 + 0.12 ( 9) 

36.46 + 0.07 ( 5) 

36.34 + O.O8 (11) 

36.28 + 0.10 (11) 

OTG o b e s e 

37.68 + 0.09 (10) 

non-obese 

37.43 + 0.09 (12) 

36.89 + O.I8 (10) 

37.42 + 0.10 ( 5) 

37.32 + 0.10 (12) 

З7.7О + 0.07 (11) 

non-obese contro l s 

37.60 + 0.10 (10) 

Values are mean + SEM. Number of observat ions m p a r e n t h e s e s . 

At a l l ages, t h e di f ference in temperature between obese and 

non-obese mice i s s i g n i f i c a n t ( P < 0 . 0 1 ) , except in GTG obese 

mice. 
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I t can Ъе seen t h a t obese mice have a s i g n i f i c a n t l y lower 

hody temperature than non-obese mice, t h e d i f ference being 

on t h e average 1.0 С GTG obese mice, on t h e contrary, do 

not have a lower body temperature as compared t o t h e con

t r o l s . 

H i s t o m e t n c a l observat ions of t h e t h y r o i d 

H i s t o m e t n c a l determinat ions of ap ica l c e l l width and nu

c l e a r volu-me in t h e age groups 5-6 and 9-11 weeks i n d i 

c a t e h y p e r a c t i v i t y of f o l l i c l e e p i t h e l i a l c e l l s in obese 

mice as conpared t o t h e c o n t r o l s . For example at 5-6 

weeks, log nuclear volume i s 1.93 + 0.02 in obese and 

1.86 + 0.01 in lean n i c e . Apical c e l l width values a re 

5.64 + 0.04 and 6.00 + О.ОЗ r e s p e c t i v e l y ( a r b i t r a r y u n i t s ) . 

No di f ferences could be detected in younger mice. 

Concentration of HI. FBI and TT/) in plasma 

The values of t h e s e parameters are given in t a b l e 3· At a l l 

ages s tud ied, t h e concentrat ion of HI in obese mice i s s i g 

n i f i c a n t l y lower than in non-obese mice. This d i f ference 

amounts t o 30-40$. With respect t o FBI and TT/ in obese mice 

of 5 months, a s i m i l a r decrease has been d e t e c t e d . 
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Table 3 

Plasma concentra t ions of HI. FBI and TT and I uplake and r e l e a s e of t h e 

thyro id m obese and non-obese л е е at var ious aftes 

ago 
(weekr,) 

4 

•J- 6 

9-11 

20-24 

animali; 

obeso 

non-obese 

obese 

non-obese 

coese 

non-obebe 

oí,ese 

non-obese 

HI 
(,4-/100 n i ) 

0 0 5 + 0.10 ( 9)** 

0.92 + 0.10 ( 6) 

0.39 + 0.-Ό ( 7 ) * * 

0.66 + 0.07 (11) 

0.98 + 0.06 ( 5) 

1.37 + 0.11 ( 5 ) * * 

Pai 

(дг/юо ri) 

-.60 + 0.11 ( 7 ) * * 

2.31 ì 0.17 (6) 

TT/} 

(us/no τι) 

1.43 + 0.45 (4) 

1.83 + 0.32 (4) 

1.28 + 0 . 1 4 ( 4 ) * * 

1.86 + 0.10 (5) 

1 3 1 1 
aptáke 

9.86 + 1.47 ( 9)** 

18.79 + 1.80 ( 9) 

7.40 + 0.37 (11)** 

15.34 + 2.08 (11) 

6.81 + 0 . 6 4 (15)** 

15.27 + 0 . 7 4 (15) 

t l / 2 t hy ro ida l 
131T 

3.33 + 0.34 ( 9)** 

2.09 + 0.31 ( 9) 

2.79 + 0.21 (11)** 

4.1З + 0.35 (11) 

3.96 + 0.47 ("0) 

3.95 + 0.55 (10) 

Values are mean + SEM. Nunber of observat ions in p a r e n t h e s e s . 

h i and РБІ are expressed as μg I/ loo ml plasma and TT. as μg tlyrrojcin/loo ml plasma. 
ІЗІ 

I uptake i s expressed as t h e percentage of Lhe i n j e c t e d dose at 24 hours a f t e r t h e i n j e c t i o n . 

As a parameter for t u r n over of t h y r o i d a l r a d i o i o d i n o , t h e b i o l o g i c a l h a l f - l i f e i s 

i n d i c a t e d and expressed in days. 

HE d i f f e r s from non-obese value at P < 0 . 0 1 . 5 



131 Uptake and r e l e a s e of I by t h e t h y r o i d in mice fed a d i e t 

with normal lodjne cori ent 

The uptake of ^31 j щ оЪезе mice i s lower than in поп-оЪезе 

trice at a l l ages s t u d i e d ( t a b l e 3, f i g · 3 ) . The t h y r o i d of 

obese mice incorporates only half t h e q u a n t i t y of r a d i o i o d i -

ne incorporated oy t h e non-obese t h y r o i d . The r e l e a s e of 

r a d i o i o d m e from t h e t h y r o i d of obese mice i s slower at 4 

weeks, f a s t e r at 9-11 weeks and occurs at t h e same r a t e at 

20-24 weeks compared t o t h e non-obese ( t a b l e 3, f i g . 4» 5 

and 6 ) . 

uptake 7o of injected dose 

20 

10 

1 3 1 T I I 

I-uptake 

-̂-bi- non-obese 

-{ obese 

Г 
10 20 time(hours 

1 }1 Fig . 3. I uptake by t h e t h y r o i d in obese and non-obese 

mice, 5 months of age, on a normal i o d i n e - r i c h d i e t . Uptake 

i s expressed as t h e percentage of t h e i n j e c t e d dose. The 

mean and t h e SEM were c a l c u l a t e d from determinat ions en 

5 obese and 5 non-obese male mice. 
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β/β remaining m thyroid-

100 

obese 

iodine-poor diet 
supplementary iodine 
injections 

non-obese 

obese 
iodine-rich 
diet 

> non-obese 
iodine-rich 

\ diet 

1 2 3 i, 
time after initial count (days) 

131 F i g . 4 · I r e l e a s e from t h e t h y r o i d in obese and non-ohese 

mice, 4-5 weeks of age, under two s e t s of c o n d i t i o n s . In one 

experiment t h e animals were fed a normal i o d i n e - r i c h d ie t (9 

obese and 9 non-obese male nice) and m t h e second experiment 

another group of mice was fed a iodine-poor d i e t (15 obese 

and 14 non-obese male mice) and supplemented with a da i ly i n 

j e c t i o n of 2 μg i o d i n e . Determinations of t h y r o i d a l r a d i o i o d m e 

were s t a r t e d at 48 hours a f t e r i n j e c t i o n of 5-7 μΟι of t h e 

r a d i o a c t i v e i s o t o p e . At t h e subsequent days r a d i o i o d m e content 

was d e t e r m n e d and expressed as a percentage of t h e 48 hour 

count. The mean and t h e SEM i s i n d i c a t e d . 
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7o remaining in thyroid-

non-obese 
V - I mdine-nch 

l N 4 diet 

Χ/ 

obese 
iodine-rich 
diet 

1 2 3 l 
time after initial count (days) 

Fig . 5· I r e l e a s e from t h e thyro id of obese ала поп-оЪеве 

mice, 9-11 weeks of agf, fed a normal i o d i n e - r i c h d i e t . The 

experimental group cons i s ted of 11 obese and 11 non-obese 

male mice. The mean and t h e SEM i s i n d i c a t e d . 
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7 . in remaining in thyroid 

I ι ι ι ι I 
1 2 3 4 

time after initial count Idays) 

Pig. 6. I r e l e a s e from t h e -thyroid of ohese and поп-оЪезе 

mice, 20-24 weeks of age, under two s e t s of condi t ions : t h e 

f i r s t group (10 obese and 10 поп-оЪезе males) was fed a n o r 

mal i o d i n e - r i c h d i e t and t n e second group (9 obese and 9 non-

obese males) was fed a iodine-poor d i e t and supplemented with 

a da i ly i n j e c t i o n of 2 pg iod ine . 

Uptake and r e l e a s e of I by t h e t h y r o i d in mice fed a d i e t 

with low iodine content and supplemented with iodine i n f e c 

t i o n s of 2 μκ per day 

Under s tanderdized d i e t a r y condit ions (low i o d i n e ) , obese 

and non-obese mice were supplied with 2 μ£ of iodine per 

day. Under t h e s e condi t ions t h y r o i d a l uptake of r a d i o i o d i n e 

i s s i g n i f i c a n t l y lower in obese mice than in non-obese mice, 

At 4 weeks t h e iodine jptake i s 23% lower and at 20-24 weeks 

49% lower than in non-obese mice of t h e same age ( t a b l e 4 ) · 

The b i o l o g i c a l h a l f - l i f e of t h y r o i d a l r a d i o i o d i n e does not 

d i f f e r between obese and non-obese mice under t h e s e con

d i t i o n s . The r a t e of r e l e a s e i s lower in both types of 

mice as compared t o t h e animals fed a normal d i e t ( t a b l e 4, 

f i g . 4, 5 and 6 ) . 

48 



Table 4 

I uptake and r e l e a s e of "the t h y r o i d m ohese and non-

оЪезе mice fed an iodine def ic ient d i e t and i n j e c t e d with 

2 μg iodine per day. 

age animals 
(weeks) 

4-5 оЪезе 

non-ohese 

20-24 obese 

non-obese 

1 3 1 T . , I uptake 

5.18 + 0.22 (15)** 

6.7О + О.54 (14) 

4.60 + 0.21 ( 9 ) * * 

9.10 + 0.85 (9) 

131T 

I r e l e a s e 
(t 1/2) 

4.76 + 0.28 (15) 

4.73 + 0.36 (14) 

6.18 + 0.26 (9) 

7.51 + 0.76 (9) 

Values are mean + SEM. Number of observat ions in parentheses . 
131 — 

I uptake i s expressed as t h e percentage of t h e in jec ted 

dose 24 hours a f t e r i n j e c t i o n . I r e l e a s e ( t 1/2 ) i s ex

pressed as t h e b i o l o g i c a l h a l f - l i f e of t h y r o i d a l r a d i o i o d m e 

m days. The animals were p r e t r e a t e d by feeding iodine-poor 

d i e t and i n j e c t i n g 2 μg I per day dur ing I4 days before t h e 

experiment was s t a r t e d . 
d i f f e r s from non-obese value at P < 0 . 0 1 . 

Effect of thyroxin i n j e c t i o n s on body temperature 

The s e n s i t i v i t y of o ese and non-obese mice t o thyroxin with 

respect t o body tenperatuxe was s tudied in 2-3 months old 

mice. Non-ooese mice were in jected with 6 μg thyroxin/lOO g 

/day m a s p l i t dose. One obese group received t h e same dose 

and another group 3 Ug/l00 g/day. The absolute amount of 

thyroxin i n j e c t e d in obese mice as compared t o t h e non-obese 

mice i s t h e same m t h e 3 μg/100 g/day group, but twice as 

high in t h e 6 μg/100 g/day group. The response of t h e body 

temperature in obese mice did not d i f f e r between t h e two 
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groups. Body temperature began t o r i s e a f t e r 4 days ( f i g . 7) · 

After about 2 weeks t h e response was at i t s maximum. The 

increase m obese mice i s 1.6 С and in non-obese mice 
о 

0«o С Under t h e s e condit ions obese mice can a t t a i n t h e 
body temperature of non-injected non-obese mice. 

body temperature eC 

39 0 

37 0 

36 0 

35 0 

. * * 
* * * 

τ .J—I—i—J—Í non-obese 

- {''W ^1-ΐΜ~Π obese 

/ 

_ l 1 I I I I I I ι ι ι . ι ι 

5 10 15 time (days 

Pig . 7 · The inf luence of thyroxin i n j e c t i o n s or. body tempe

r a t u r e in obese and non-obese mice, 2-3 months of age. 

18 non-obese mice were in jec ted 6 [ig thyroxin/lOO g/day. 

9 obeje mice received an i d e n t i c a l dose and another group 

of 9 obese mice was i n j e c t e d 3 thyroxm/lOO g/day. 

The response of t h e two obese groups was s i m i l a r . There

f o r e , t h e observat ions were pooled. 

The mean and t h e SEM i s i n d i c a t e d . 
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Induction of g-fllycerophosphate dehydrogenase Ъ,у thyroxin 

10 obese and 5 поп-оЪезе mice, 12 weeks old, received thyroxin 

i n j e c t i o n s every day in a s p l i t dose. The dosage was t h e same 

as m t h e previous experiment. After 4 days t h e GPDH a c t i v i t y 

was d e t e r n m e d . The increase in enzyme a c t i v i t y in оЪезе 

mice was s i g n i f i c a n t l y l a r g e r than in non-obese mice, i r r e s 

pect ive of t h e dose of thyroxin appl ied (6 or 3 μβ/ΐΟΟ g/day) 

and t h e re ference used for q u a n t i f i c a t i o n of enzyme a c t i v i t y 

(per 25 mg l i v e r or per mg p r o t e i n ) ( t a b l e 5 ) · In each 

experimental group body temperature rose s i g n i f i c a n t l y du

r i n g t h e s e 4 days. 
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Table 5 

Induction of GPDH m obese and поп-оЪезе mice. 

animals 

поп-оЪезе 

оЪезе 

obese 

thyroxin 
dose 

б 

3 

б 

GPDH a c t . ЪеГоге i n j e c t i o n 

p e r 25 mg l i v e r 

1.61 + 0 . 1 3 

1.84 + 0 . 1 0 

p e r mg p r o t e i n 

0 . 4 8 + O.O5 

0 . 2 6 + 0 . 0 3 

a f t e r 4 days i n j e c t i o n s 

p e r '¿^ mg l i v e r 

2 . 1 9 + 0 . 0 8 

3 .42 + 0 . 1 3 

3 .16 + 0 .11 

p e r mg p r o t e i n 

О.58 + 0 . 0 3 

О.42 + 0 . 0 4 

0 . 4 4 + О.ОЗ 

i n c r e a s e 

p e r 25 mg 
l i v e r 

36$ 

86$ 

72/0 

p e r mg 
p r o t e i n 

21$ 

71$ 

e?°fo 

GPDH a c t i v i t y i s expressed as μ!. Op/min/25 mg fresh l i v e r or per mg p r o t e i n . 

The increase in a c t i v i t y a f t e r 4 days i s s i g n i f i c a n t at t h e 1$ leve l (Student t - t e s t ) . 

The mean and t h e SEM are i n d i c a t e d . 

All values are averages of 5 measurements in d i f ferent animals . 

см 
ил 



Discussion 

Soon a f t e r t h e discovery of t h e obese-hyperglycemic syndrome 

in mice ( l ) , a t t e n t i o n was focussed on t h e t h y r o i d because of 

t h e fact t h a t t h i s endocrine organ with i t s well known i n f l u 

ence on t h e Ъазаі n e t a b o l i c r a t e (ВИН) could Ъе an important 

f a c t o r in t h e development of t h i s complicated syndrome. 

Mayer et a l . (8) discovered t h a t t h e BMR of оЪезе mice i s 

44/& lower as compared with t h e non-obese c o n t r o l s . Although 

i t i s reasonable t o assume t h a t t h i s i s a consequence of a 

hypoactive t h y r o i d , no a b e r r a t i o n s of t h e h i e t o l o g i c a l p i c -
•11-1 

t u r e (13), nor a lower I uptake of t h e t h y r o i d could be 

d e t e c t e d ( l4 i 15)· Since arguments in favor of, but a l so in 

contras t t o , an inf luence of t h e t h y r o i d on t h e syndrome can 

be found in t h e l i t e r a t u r e (8 , 11, 12, 13, 14, I 5 ) , i t seemed 

worthwile t o c l a r i f y t h i s ques t ion. 

The present r e s u l t s on t h e concentrat ion of HI, PBI and TT, 

( t a b l e З) in plasma of obese and non—obese mice c l e a r l y show 

t h a t t h e concentrat ion of thyroxin in t h e bloodplasma i s 

30-40$ lower m obese mice. These r e s u l t s i n d i c a t e t h a t t h e 

obese mouse xs hypothyroid, at l e a s t from 5 weeks on. 

In mice with hypothyroidism, one would expect a lower uptake 

and a slower r e l e a s e of rad io iod ine from t h e t h y r o i d than m 

eathyroid mice. In f a c t , a decreased uptake in obese mice was 

found at a l l ages s t a d i ed ( t a b l e 3, f i g . 3 ) · The uptake of 

r a d i o i o d i n e by t h e t h y r o i d in obese mice was on t h e average 

only 50$ 0 f "the uptake measured in non-obese mice. 

The r e s u l t s on rad io iod ine r e l e a s e a re l e s s c l e a r . The expec

t e d low r a t e of r e l e a s e was not found in a l l age groups. The 

i n t e r p r e t a t i o n of t h e r e s u l t s presented in f i g . 4, 5 and б 

on t h e r e l e a s e of r a d i o i o d i n e i s complicated by di f ferences 
127 

in d i e t a r y intake of I which may cause di f ferences in pool-
127 

s i z e of I and t h e r e f o r e di f ferences in s p e c i f i c a c t i v i t y 

of I . Hyperphagia of obese mice i s very well known (9, 10, 

2 6 ) . In t h e stock used, young obese mice show a hyperphagia 
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of 40$, and old obese mice eat about 20$ more than t h e non-

obese c o n t r o l s . As a consequence of t h e hyperphagia t h e endo-

geneous s p e c i f i c a c t i v i t y of I in obese mice w i l l be lower 

than in normal mice. This in i t s e l f w i l l lead t o a lower up

t a k e of r a d i o i o d i n e by t h e t h y r o i d of obese as compared with 

non-obese when t h e s t a t e of t h y r o i d a c t i v i t y i s comparable. 

In order t o e l iminate t h i s inf luence, t h e animals were fed 

a iodine de f ic ient d ie t and supplemented with iodine by a 

da i ly i n j e c t i o n of 2 ng iodine (2.62 [ig K l ) . This r e s u l t s in 

an equal supply of iodine for obese and non-obese mice. Fol-
131 lowing t h i s t reatment t h e t h y r o i d a l uptake of I by obese 

mice was decreased as compared t o t h a t of non-obese which 

agrees with t h e suggestion t h a t obese mice a re hypothyroid. 

The inf luence of t h e d i e t a r y iodine i s a l so demonstrated by 

a comparison of t h e uptake values presented in t a b l e 3 and 

4 which shows t h a t par t of t h e di f ference m I uptake be

tween obese and non-obese mice r e c e i v i n g a n o m a i d i e t i s 
127 

caused by t h e d i f ference in I i n t a k e . 

As shown in f i g s . 4 | 5 and 6, as in t a b l e 4 obese and non-

obese mice with an experimental ly equalized iodine supply 

displayed a s i m i l a r r a t e of rad io iod ine r e l e a s e from t h e 

t h y r o i d . As such t h i s r e s u l t seems t o be in contras t with t h e 

o ther data i n d i c a t i n g hypothyroidism m obese mice. However, 

s ince t h e r e l e a s e of rad io iod ine was measured in obese as well 

as non-obese mice r e l a t i v e t o t h e rad io iod ine content at 4Θ 

hrs a f t e r i n j e c t i o n , t h e r e l a t i v e r a t e of iodine r e l e a s e was 

e s t a b l i s h e d . These data do not permit conclusions as t o t h e 

absolute r e l e a s e of iodine by obese as compared t o non-obese 

t h y r o i d s . In other words, t h e d a t a showing t h e r e l a t i v e r a t e s 

of r a d i o i o d i n e r e l e a s e do not n e c e s s a r i l y d isagree with hypo

thyroidism in obese mice. 

I t should be pointed out t h a t t h e r e s u l t s of h i s t o m e t r i c a l 

a n a l y s i s of t h e t h y r o i d f o l l i c l e s i n d i c a t e h y p e r a c t i v i t y r a 

t h e r than hypoact iv i ty of t h e e p i t h e l i a l c e l l s . I t cannot be 

excluded, however, t h a t as a consequence of f a t t y i n f i l t r a t i o n 
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i n t o t h e t h y r o i d t h e numher of f o l l i c l e s in obese i s lower 

than in normal mice r e s u l t i n g in a h y p e r a c t i v i t y of t h e i n d i 

v idua l e p i t h e l i a l c e l l s . 

Hypothyroidism should r e s u l t in a lower BMR. This has indeed 

been observed ( 8 ) . The lower body temperature of obese mice 

( t a b l e 2 ) , r e f l e c t s a lower BMR. GTG obese mice, which are 

euthyroid (27) have a normal temperature ( t a b l e 2 ) . In obese 

mice t h e temperature d i f ference i s not dependent of sex ( t a b l e 

l ) . I t was observed in male as well as m female obese mice. 

The d iurna l v a r i a t i o n of temperature in obese mice follows 

t h e p a t t e r n seen in contro l mice with a maximum during t h e dark 

per iod and a minimum during t h e l i g h t per iod ( f i g . l ) . The me

t a b o l i c s t a t e of t h e animals during t h e l i g h t per iod can be 

considered as near basa l because t h e animals show very low 

feeding and locomotor a c t i v i t y . I t i s i n t e r e s t i n g t o n o t i c e 

t h a t during t h i s per iod, t h e temperature d i f ference between 

obese and non-obese mice i s at i t s maximum of I .4 C. 

Hypothyroidism i s c h a r a c t e r i z e d by an increased s e n s i t i v i t y 

for t h y r o i d hormones. We t e s t e d t h e s e n s i t i v i t y of obese and 

non-obese mice for exogeneous thyroxin with respect t o body 

temperature and t h e induct ion of l i v e r mitochondrial α-glyce

rophosphate dehydrogenase ( f i g . 7 and t a b l e 5 ) · The expected 

h y p e r s e n s i t i v i t y was confirmed : body temperature rose 1.6 С 

in obese and 0.8 С in non-obese mice during a t reatment with 

thyrox in, whereas t h e r e l a t i v e increase of l i v e r GPBH a c t i v i t y 

was twice as high in obese as compared t o non-obese mice. 

These r e s u l t s again support t h e idea t h a t t h e obese mouse i s 

hypothyroid. So fa r , concl.isive evidence about t h e t h y r o i d a l 

s t a t u s i s l i m i t e d t o mice older than 4 weeks. Information 

about mice younger than 4 weeks i s only i n d i r e c t . The body 

temperature in obese n ice i s decreased from t h e 10th day on 

( f i g . 2 ) . The increase in body temperature during t h e per iod 

s t u d i e d r e f l e c t s t h e development of homeothermia. The low bo

dy temperature of t h e s e young obese mice could r e f l e c t a low 

BMR as compared t o t h e non-obese mice. The r e s u l t s on 0„ con-
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sumption of obese mice of 14-28 days as repor ted Ъу Fried et a l . 

(28) can be i n t e r p r e t e d s i m i l a r l y . Both parameters, body tempera

t u r e and 0 9 consumption could be consequences of a decreased HMR 

r e s u l t i n g from hypothroidism. 

Hypothyroidism may be t h e explanation for var ious aspects of t h e 

obese-hyperglycemic syndrome. I t has a calory saving effect r e s u l 

t i n g from a decreased BMR and a decreased locomotor a c t i v i t y . 

Together with t h e hyperphagia, t h i s r e s u l t s in a very p o s i t i v e 

c a l o r i c balance which might explain t h e overweight. The decrea

sed s e n s i t i v i t y of t h e l i p o l y t i c process t o f a s t i n g , epinephrine 

and other l i p o l y t i c fac tors in obese mice may be another r e s u l t 

of hypothyroidism ( 18, I 9 ) · Other aspects of t h e syndrome t h a t 

can be explained by a hypofunction of t h e t h y r o i d are t h e high 

concentra t ion of c h o l e s t e r o l ( 4> 5)» "the high s e n s i t i v i t y t o 

cold ( 6, 7) and abnormal i t ies in t h e skin (13) . Recently, Kozak 

(29) repor ted a decreased brainweight in obese mice, which p r o 

bably r e s u l t s from a decreased number of c e l l s . Since t h e t h y r o i d 

hormone i s considered t o be a hormone a f fec t ing p o s t n a t a l deve

lopment of t h e c e n t r a l nervous system, t h e defect ive development 

of t h e bra in m obese mice car very well be a r e s u l t of conge

n i t a l hypothyroidism. 
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Sunmary 

With respect to the development of various reflex responses 

and the time of eye opening, the postnatal development of 

ohese mice is normal. From the beginning of the second week 

low locomotory activity is detectahle in genetically ohese 

mice. This is one week before the epididymal adipocytes of 

genetically ohese mice start to enlarge compared to non-

obese mice. Prom the first day of postnatal development, the 

growth rate of ohese mice is increased as compared to the 

non-obese littermates. 

Indications were obtained which favor the idea that mutant 

nurslings are congenitally hyperphagic. The caloric balance 

of obese mice, from birth till weaning, and its coiiposing 

elements is discussed. 
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Introduction 

The mutant mouse оЪезе (ob/ob) was isolated in 1949 at the 

Jackson Laboratory. The obese-hyperglycemic syndrome is 

inherited as a single recessive factor (l). It is character

ized Ъу many aberrations among which: obesity, hyperglycemia, 

insulin resistance, hyperphagia, decreased locomotory activity 

and infertility (2, 3). Recently, a decreased concentration 

of thyroxin in blood plasma of obese mice was found (4)· In 

combination with other evidence, this finding led to the con

clusion that obese mice are hypothyroid. 

Hypothyroidism could account for a number of characteristics 

of the syndrome: low basal metabolic rate, low body tempera

ture, high sensitivity to cold, high concentration of blood 

cholesterol and high sensitivity to exogeneous thyroxin. 

In addition to the low basal metabolic rate resulting from 

hypothyroidism, increased food intake and low locomotory acti

vity may give rise to the extremely positive caloric balance 

of young obese mice. The sequence in which these features 

become manifest during the development of the syndrome is not 

yet clear. In particular the causal relationship between low 

locomotory activity and the development of obesity is subject 

of discussion (5, 6). In order to obtain some insight in this 

relationship, a study of locomotory activity and body growth 

during the early period of postnatal development was made. 

Because thyroid hormones are known to interfere with the devel

opment of the central nervous system (7, 8) and congenital 

hypothyroidism of obese mice was indicated (4), it seemed 

worthwhile to examine if the time of occurrence of certain re

flexes and other features during the development of the obese 

mouse differs from that of normal mice. 
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Mater ia l and Methods 

Experimental animals 

The experimental animals descent from an obese s t r a i n ob

t a i n e d from t h e Jackson Laboratory in 1958· Because ob/ob 

mice are s t e r i l e under normal condi t ions , matings between 

heterozygous p a r e n t s have t o be made. 

The ob/ob mice can be d i s t i n g u i s h e d from t h e i r normal 

l i t t e r m a t e s at t h e age of 4-5 weeks. Since we s t a r t e d our 

experiments with 1 day old animals, t h e of fspr ing was mark

ed i n d i v i d u a l l y and checked for obesi ty at 4-5 weeks. 

Locomotory a c t i v i t y and re f lexes 

Because t h e a c t i v i t y of young mice i s s i g n i f i c a n t l y i n 

fluenced by t h e environrrental temperature a l l s t u d i e s on 

locomotory a c t i v i t y were c a r r i e d out in a p l a s t i c t e s t cage 

in which t h e temperature was maintained at 27—29 С by means 

of a red h e a t i n g lamp. Individual mice were placed in t h e 

cage, t h e bottom surface of which was divided in squares of 

4 x 4 cm, for 5 mm. Prom t h e 17th day on 8 χ 8 cm squares 

were used t o allow for a high a c t i v i t y of t h e mice. Act iv i ty 

was expressed as t h e number of l i n e cross ings per 5 min. A 

cross ing was scored when 3 limbs were placed in an adjacent 

square . 

The development of r e f l e x responses; p o s t u r a l f lex ion, r o o t i n g , 

c l i f f drop avers ion, r i g h t i n g , negat ive geotax i s , bar holding, 

v i b r i s s a e p l a c i n g , fore-limb p lac ing, hind-limb p lac ing, f o r e -

limb grasping, hmd-limb grasping, pain r e a c t i o n ana p o s t u r a l 

extension (see Fox 1965)(9)ι behavioral components; p i v o t i n g 

and s t r a i g h t l i n e walking (Van Abeelen and Kalkhoven, 1970) 

( l 0 ) , and t h e t ime of eye-opening were e s t a b l i s h e d by obser

v a t i o n s on day 2, 3, 4, 5, 7, 9, 10, 12, 13, 14, 15, 16, 17, 

18 and 20 in 60 mice. 
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Intake of solid food 

Six obese and б поп-оЪезе mice of 5 weeks of age and 14 

obese and 16 non—obese mice of 5 months of age were 

caged individually. A fixed quantity of food pellets was 

put in the food hopper and weighed every 24 hours. The 

average food intake and the efficiency of the conversion 

into body weight was calculated from the individual ave

rages over 3 days. 

Body weight 

Each of a group of 100 mice was weighed every day from 

birth untili the 16th day. The data obtained from 9 ani

mals were not taken into account because they died during 

the test period. The remaining 91 mice included 65 non-

obese and 26 obese mice. The mean body weight as well as 

the relative growth rate which is defined as the percen

tage of increase of body weight as compared to the weight 

of the previous day was calculated for each day. 

Results 

Locomotory a c t i v i t y 

The method used for e s t a b l i s h i n g locomotory a c t i v i t y can 

be adequately appl ied t o animals which are at l e a s t 7 days 

o ld . During t h e second week a f t e r b i r t h , locomotory a c t i v i t y 

of obese mice i s lower than t h a t of non-obese mice ( f i g . 1, 

Wilcoxon's Two Sample Test ρ < 0.05) О 1 ) · 

During t h e t h i r d week of l i f e , locomotory a c t i v i t y of obese 

mice i s not s i g n i f i c a n t l y d i f ferent from t h a t of non-obese 

l i t t e r m a t e s . However, from day 21 t h e locomotory a c t i v i t y in 

obese mice i s lower aga in. 
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locomotory activity 

(line crossings per 5 mm) 

NON OBESE 

•i • ' • • • ,',' ' 
5 10 15 20 25 63 

age (days) 

F i g . 1. For t h i s study 60 mice were used, 51 of which were non-

оЪезе and 9 were оЪезе mice. Because no s i g n i f i c a n t d i f ferences 

in t h e a c t i v i t y of male and female mice could be e s t a h l i s h e d , 

r e s u l t s of t h e two sexes were pooled. Locomotory a c t i v i t y was 

expressed as t h e number of l i n e c r o s s i n g per 5 nun with squares 

of 4 x 4 cm. The mean and t h e SEM i s i n d i c a t e d l o g o r i t h m i c a l l y . 
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Reflexes, behavioral components and eye-opening 

Studies on the development of the reflexes postural extension, 

rooting, fore-limh placing, hmd-limh placing, fore-limh 

grasping, hind-limb grasping, Ъаг holding, cliff drop aversion, 

pain reflex and vibnssae placing revealed no obvious differ

ences between obese and non-obese mice. The retardation m the 

development of righting, pivoting and straight l ine walking is 

s l ight, but insignificant (fig. 2) . Also, the process of eye-

opening proceeds equally between obese and normal mice. 

Food intake and efficiency of weight gam 

Obese mice in the dynamic phase of obesity have a 44% higher 

food intake than non—obese mice. In the s t a t i c phase of obesity, 

obese mice are only moderately hyperphagic (table l ) . Obese 

mice of 5 weeks of age transform 19% of the food consumed into 

body weight. The efficiency of non-obese mice of t h i s age is 

only 13%. 

Absolute changes of body weight 

The difference between the body weight of obese and non-obese 

mice increases from the day of b i r th on. It reaches significance 

at day 10 (paired analysis, ρ < 0.05). 

Relative increase of body weight 

The re lat ive weight gain was calculated per day for obese and 

non-obese mice. Observations on male and female mice were pooled 

because they did not differ during the period studied (fig. 3) . 

In obese mice the relat ive growth rate is almost permanently 

higher than in non-obese mice. 

The growth rate of obese mice becomes significantly higher at day 

6-7 (p < 0.05). This significancy i s temporarily lost at day 

10-11 t i l l day 13-14| but i s reestablished afterwards. 
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righting 

postural ftêxton 

2 г, 6 0 IO 12 14 

- straight Une walkng 

negative geotaMis 

ptvottng 

1 к 6 β ÌO 12 К 

eye-opemng 

2 ί. Б θ ТО 12 К 10 12 Η lb 16 20 22 

i g t (dayi) 

Fig. 2. For the study of righting, negative geotaxis, 

postural flexion t pivoting and straight line walking 

51 non-ohese and 9 obese mice were used. 

Eiye-opening was recorded in 57 non-obese and 22 obese 

mice. 

Scoring of righting: return to normal position: no 

reaction - 0, within 60 sec = 2 t within 30 sec = 4| 

within 5 s e c = 6 f within 1 sec = 8· 

Scoring of negative geotajcis, postural flexion and eye-

opening is graded. 

For example eye-opening: both eyes closed = 0, one eye 

part ia l ly open = 2, one eye fully open or 2 eyes part ia l ly 

open = 4, one eye fully open and one eye part ia l ly open = 

6! both eyes fully open = 8. 

Scoring of pivoting: locomotory activity during a 5 nun 

period: no pivoting observed = 0, l i t t l e pivoting = 2 t 

half of the time pivoting = 4 | much pivoting = 6, only 

pivoting = 8 . 

Scoring of straight line walking: observations over a 5 nun 

period. 

Scoring similar to pivoting. 

open circles = non-obese, f i l led circles = obese. 
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Table 1. 

Intake of solid food 

obese 

non-obese 

hyperphagia 

e f f ic iency of 

5 weeks 

6.2 + 0.7 (6 )* 

4.3 + 0.3 (6) 

44f° 

5 months 

6.4 ± 0.9 (14)* 

5.5 + 0 .3 (16) 

16$ 

weight gain at 5 weeks; obese 18.8 + 2 . 5 , 

non-obese 12.7 + 0.Í 

intake expressed as gr/day 

the mean and the SEM are given with the number of observations 

in parentheses 
„„ j _o j weight increase per day .nr^f 

efficiency is defined as -r.—4 ^т Ç ιί
- χ 100% 

food intake per day ' 

determined during a 3 day period 

significant at Ρ < 0.01 (Student t-test) 
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relative weight gam (percentage) 

7 

25 

20 -

15 -

per day 

OBESE 

NON OBESE 

0 
birth 

10 
age (days) 

F i g . 3· The r e l a t i v e weight gain: 

w e i g h t on d a y n + 1 - weight on dayn χ 1 0 0 j t ) o f 2 6 o b e s e ^ 

weight on day 

65 non-ohese. Observations include male and female mice 

because t h e i r r e s p e c t i v e growth p a t t e r n s were s i m i l a r . 

The mean and t h e SEM are i n d i c a t e d . 
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Discussion 

Our r e s u l t s on locomotory a c t i v i t y show t h a t obese mice a re 

l e s s a c t i v e than поп-оЪезе mice from t h e heginning of t h e 

second week on, when t h e a b i l i t y t o s t r a i g h t - l i n e walking 

i s developing t o i t s f u l l e x t e n t . This i n d i c a t e s t h a t obese 

mice are l e s s a c t i v e long before they show overt obes i ty at 

about 4 weeks of age. This supports t h e idea of Mayer (5) 

based on s t u d i e s of locomotory a c t i v i t y of young adult obese 

and non-obese mice of about equal weight, which i n d i c a t e d 

t h a t t h e decreased a c t i v i t y of obese mice can c o n t r i b u t e t o 

t h e development of o b e s i t y . However, Yen and Acton ( 6 ) , 

working a l so with young adult mice, came t o an opposite con

clus ion; i n a c t i v i t y being a consequence r a t h e r than a cause 

of o b e s i t y . Their conclusion i s based on t h e fact t h a t de

creased a c t i v i t y was not d e t e c t a b l e before t h e animals were 

overt obese. On account of t h e present d a t a , i t seems t h a t 

t h e i n a c t i v i t y of obese mice does not r e s u l t from obes i ty 

i t s e l f , but from t h e genet ic condit ion leading t o obebi ty . 

This suggestion f inds support from t h e data r e c e n t l y obtained 

by Clark and Gay (12) i n d i c a t i n g t h a t obese mice with body 

weights s i m i l a r t o non-obese mice as a consequence of food 

d e p r i v a t i o n , show s i g n i f i c a n t l y lower locomotory a c t i v i t y than 

non—obese mice of t h e same age. 

I t could be argued, however, t h a t a c e r t a i n l eve l of obes i ty 

i s present from day 13, s ince from t h i s moment on hypertrophy 

of t h e adipocytes of t h e epididymal fat body can be observed 

(13) · On t h e other hand, even though t h i s l o c a l l y developing 

obes i ty may c o n t r i b u t e t o a minor increase in body weight, i t 

could by no means account for t h e observed weight di f ference 

between obese and non—obese mice at t h i s age ( t h e d i f ference 

in weight between obese and non-obese mice at day 13 i s 5$) 

nor for t h e 50$ lower a c t i v i t y . I t may be concluded t h e r e f o r e , 
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that the low activity of obese pups is not caused by 

"mechanically disadvantageous" adipose t i s sue . 

No obvious differences m the development of reflexes between 

obese and non-obese mice could be detected. As in normal 

mice, the process of eye-openmg begins on day 12 and is 

completed at day 18 in obese mice. I t , therefore, seems that 

the hypothyroidism which is probably congenital, does not 

interfere with the reflexological development and eye-opening. 

The high growth rate of neonatal obese mice (fig. 3) can only 

be explained from a more positive caloric balance, i . e . from 

an increased caloric intake and/or a lower caloric expenditure. 

The most important factors determining caloric expense are the 

basal metabolism and physical act ivi ty . During the f i rs t post

natal week, caloric expense can hardly differ between obese and 

non-obese mice because the early postnatal mouse is poikilother-

m c . The variation in metabolic ra te with environmental tempera

ture should be equal for both types of mice which are reared 

under the same conditions. Furthermore, physical act ivi ty is low, 

so that possible differences would contribute l i t t l e to the 

difference in caloric balance. Consequently, the cause of the 

high growth rate of obese mice during the f i rs t postnatal week 

should be sought in the caloric intake, i . e . milk intaJce. I t , 

therefore, could be suggested that obese mice are congenitally 

hyperphagic. At the end of the second week, factors determining 

the caloric expenditure begin to contribute to the difference in 

caloric balance. With increasing abi l i ty to perform straight- l ine 

walking (f ig . 2), to ta l act ivi ty increases (f ig. 1). However, 

because obese mice are less active they should spend less calories. 

Moreover, at aboxt the same time homoiothermia will develop as is 

reflected by an increasing body temperature reaching the adult 

level at about 3 weeks of age. It has been established (4) that 

during the period m which homeothermia develops, as well as during 

adult l i f e , the body temperature of obese mice is lower than in 

normal mice, indicating a lower basal metabolic ra te . Lower activity 

and lower basal metabolic rate keep the caloric expenditure of obese 
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mice low and could make more calories avallatile for "body weight 

increase and enlargement of fat depots. 

From the third week on, the same factors cause an extremely 

positive caloric balance of оЪеве mice. The contribution of 

hyperphagia has now become more important (table l), because 

the infant mice have started to eat solid food which is avail

able ad lib, in contrast to milk for which they have to com

pete. 

On the basis of the evidence available at the present the 

following hypothesis for the development of the obese-hyper-

glycemic syndrome may be suggested: the genetically obese 

mouse is congenitally hypothyroid and hyperphagic. In combi

nation with the relative inactivity, this leads to a very 

positive caloric balance which results in obesity, followed by 

insulin resistance, hyperinsulmemia and later hyperglycemia 

and glucosuria. Each of these defects can be of hypothalamic 

origin. The primary cause of the syndrome could be centrally 

located as well. 
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Chapter V. 

Development of t h e ohese-hyperglycemic 

syndrome m mice with a growth hormone 

def ic iency . 
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Summary 

By mating mice heterozygous for the recessive gene obese 

with mice homozygous for the recessive gene dwarf 

— -;— and subsequent mating of the offspring, mice homozy

gous for both the obese and dwarf gene were obtained. It 

was established that the genes for obese and dwarf belong 

to different linkage groups. 

The homozygous obese dwarf mice develop obesity and hyper-

insulmemia. The degree of hyperglycemia developed by these 

homozygotes is not significantly different from non-obese 

dwarf mice. Because homozygous dwarf mice are deficient in 

growth hormone production, it was concluded that obesity and 

hypermsulinemia can develop under conditions of extreme 

growth hormone deficiency. 

Introduction 

The most predominant characteristics of the hereditary obese-

hyperglycemic syndrome in micel—J are, extreme obesity, hyper

glycemia, hypermsulinemia, insulin resistance, hyperphagia, 

(l, 2) and hypothyroidism (3). It was previously found that 

the development of hypermsulinemia preceeds that of obesity 

(4). Indications for abnormal development in —r mice become 

detectable soon after birth (5), however, the primary meta

bolic defect resulting from the homozygous —r- condition has 

not been established. 

It is well established that growth hormone (somatotropic hor-r 

mone) can be responsible for the development of certain fea

tures which are also observed in obese-hyperglycemic mice. 

Injections of growth hormone can result in insulin resistance, 

hypertrophy and hyperplasia of the islands of Langerhans (6, 7) 

Rats with a growth hormone producing tumor show hypermsuline

mia and an increased sensitivity if the islands to glucose 

stimulation (8). Moreover, the impaired sensitivity of insulin 
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s e c r e t i o n of i s l a n d s from hypophysectomized r a t s t o glucose 

s t imula t ion in v i t r o , can Ъе r e s t o r e d t o normal by i n j e c t i o n s 

of growth hormone ( 9 ) · 

Recently, Herbal et a l . (10) suggested t h a t an increased p r o 

duction of growth hormone might be involved in t h e development 

of t h e obese-hyperglycemic syndrome in mice. On account of 

t h e s e data , i t appeared Ξlgnlf lcaлt t o e s t a b l i s h whether or 

not growth hormone plays a key r o l e m t h e development of t h e 

syndrome. In order t o obtain conclusive evidence about t h i s 

p o s s i b l e r o l e of growth hormone, mice with a g e n e t i c c o n s t i 

t u t i o n for obes i ty —г- and growth hormone def ic iency -r- were 

used. Because t h e Sne l l dwarf mouse i s g e n e t i c a l l y growth 

hormone d e f i c i e n t , obese dwarf mice can be obtained by com

bining t h e g e n e t i c a l c o n s t i t u t i o n for obes i ty and dwarfism m 

one indiv idual (genotype —τ- -τ-). 

Because t h e l inkage d a t a concerning t h e genes obese and dwarf, 

as a v a i l a b l e in t h e l i t e r a t u r e , are not conclus ive, l inkage 

being concluded by van der Kroon and Buis ( i l ) , but unexpected 

on t h e b a s i s of l inkage s t u d i e s by Green and Lane (12), t h i s 

problem was a l so i n v e s t i g a t e d . 

Materia l and methods 

Experimental animals 

The animals were r a i s e d under constant environmental condi t ions ; 

temperature 20 C, r e l a t i v e humidity lüfo, a r t i f i c i a l daylight with 

13 hr l i gh t and 11 hr dark, v e n t i l a t i o n of t h e animal room 15 

t imes per hour. Water and food were suppl ied ad l ib i tum. 

Breeding of obese dwarf mice 

Breeding of homozygous obese dwarf mice was s t a r t e d by mating 

mice heterozygous for t h e obese gene with mice homozygous for t h e 

dwarf gene ( f i g . l ) . 
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Fig. 1. 

Breeding scheme for t h e product ion of obese dwarf mice 
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The — -τ— animals are normally sterile, but males of this type 

were Tiade fertile by daily subcutareous transplantation of a 

pituitary from a normal male mouse. 

The animals of generation II were identified by back-

crossing to the parental genotype . Animals of generation 

III were identified accordingly. 
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Since homozygous оЪеве mice are stenle, the оЪезе Ime must 

Ъе maintained Ъу matings between heterozygous parents. The 

offspring of these matings consists of mice homozygous for 

the oh allele, mice homozygous for the + allele and heterozy

gotes in a ratio of 1 : 1 : 2 (generation II, fig. l)· Since 

the ohese gene is recessive, heterozygous animals are pheno-

typically normal and can he identified only by progeny testing. 

Homozygous dwarf mice are also sterile. However, fertility of 

the male can he efficiently restored by a daily, subcutaneous 

transplantation of a pituitary from a normal male mouse (Van der 

Kroon and Buis, pers. communication). The dwarf line is main

tained by mating heterozygous dwarf females with fertile homo

zygous dwarf males. These matings result in an offspring consist

ing of mice homozygous for dw and mice heterozygous for dw with 

a ratio of 1 : 1. 

In order to produce obese dwarf mice, females heterozygojs for 

ob dw 

obese — were mated with males homozygous for dwarf -τ— . The 

resulting offspring (generation III, fig. l) consists of animals 

heterozygous for dwarf, half of which are heterozygous for coese 

and half of which are homozygous for the wild type gene. The two 

phenotypically normal types can be distinguished by backcrossmg 

to animals heterozygous for obese. Only those parents, which produce 

obese individuals among their progeny were heterozygous for both 

obese and dwarf, and these mice were mated to each other. 

A total number of 46 matings of this type produced an offspring of 

414 mice. A number of these mice (generation IV, fig. 1) were 

taken for determinations of body weight, blood glucose and plasma 

insulin. 
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Methods 

Plasma i n s u l i n was determined Ъу a radioinnnunoassajr with 

a k i t a v a i l a b l e from t h e Radiochemical Centre, Amersham, 

us ing p u r i f i e d ox i n s u l i n as a s tandard . Blood was obtained 

from t h e o r b i t a l plexus with hepar inized 50 μΐ g lass 

c a p i l a r i e s . Blood samples were d i l u t e d t h r e e fold with a 

buffered sal ine-albumin s o l u t i o n and centr i fuged in micro-

t u b e s . 0.1 ml samples of t h e d i l u t e d plasma were used for 

t h e assay. 

Blood glucose was determined enzymatically (GOD method, 

Boehnnger) a f t e r d e p r o t e i n i z a t i o n with 0.16$ uranyl a c e t a t e 

in 0.9$ s a l i n e . 

In order t o assay for t h e presence of GH (growth hormone) in 

t h e experimental animals, d i s c e l e c t r o p h o r e s i s was performed 

with homogenates of p i t u i t a r i e s prepared in Tris-HCl buffer 

pH 7.З conta in ing 0.7 M sucrose ( 1 3 ) . P i t u i t a r i e s were r i n s e d 

in s a l i n e and homogenized with a P o t t e r homogenizer of 1 ml 

c a p a c i t y . The homogenates were placed d i r e c t l y on top of t h e 

s e p a r a t i o n g e l . Samples prepared from non-dwarf mice were 

equivalent t o a homogenate of 0.1 p i t u i t a r y and samples from 

dwarf mice equivalent t o 1.1 p i t u i t a r y . After e l e c t r o p h o r e s i s 

for 2 hrs at 2 mA in 7$ acrylamide gels in Tns-HCl buffer, 

pH 8.9, "the gels were s t a i n e d with amido black, d i f f e r e n t i a t e d 

by immersion in a 7$ a c e t i c acid s o l u t i o n and scanned d e n s i t o -

m e t r i c a l l y on a Zeiss dens i tometer . 
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Resul ts 

mu j. ¿· J.U j u- u j. j. o t dw ot dw The matings of the double heterozygotes χ 

gave an of fspr ing of 414 mice ( t a b l e l ) . Among t h i s off

spr ing , t h e r e were 4 types of mice: normal -nice, οι ose 

mice, dwarf mice and obese dwarf mice. Because of t h e 

v a r i a b i l i t y of t h e expression of obes i ty in dwarf a n i 

mals, some animals ( in t h i s experiment 4) were d i f f i c u l t 

t o c las s i fy e i t h e r as obese dwarfs or non-obese dwarfs. 

Even though t h e d i s t i n c t i o n was made on t h e bas is of body 

weight comparisons r a t h e r than on t h e phenotype of mice 

of t h e same l i t t e r , t h e s e 4 mice remained u n c l a s s i f i a b l e . 

I f t h e r e were no l inkage between t h e obese and dwarf genes, 

a segregat ion r a t i o of 9 · 3 ! 3 : 1 i s expected. Or. t h e 

other hand, i f t h e genes were located on t h e same l inkage 

group, a s i g n i f i c a n t dev ia t ion from t h i s r a t i o , which 

corresponds t o a 233 : 78 : 78 : 26 r a t i o ( t o t a l number of 

animals: 414) should be found. The number of obese dwarfs 
1 

should be in t h e order of —ζ of t h e of f spr ing. The number of 

obese dwarf mice a c t u a l l y fourd among t n e of fspr ing was 

between 20 and 24, t h e u n c e r t a i n t y being due t o t h e a f o r e 

mentioned d i f f i c u l t y in t h e c l a s s i f i c a t i o n of 4 dwarf animals. 

The segregat ion data were t e s t e d for l inkage following 

Fisher (14) for both extremes. Even i f we would a s s j r e t h a t 

t h e 4 problem cases were non-obese dwarfs, l inkage between t i e 

genes obese and dwarf would be extrerrely u n l i k e l y (O.5O < Ρ 

< 0 . 9 0 ) . 

In order t o make c e r t a i n t h a t t h e obese dwarf and non-obese 

dwarf mice f a i l t o produce GH, a comparison of t h e p r o t e i n 

p a t t e r n of p i t a i t a r y homogenates was made by means of d i s c -

e l e c t r o p h o r e s i s in acrylamide g e l s . Densi tometr ie t r a c i n g s of 

amido black s t a i n e d ge l s reveal t h a t in p i t u i t a r y homogenates 

of normal mice and obese non-dwarf mice a very pronounced 

p r o t e i n band i s v i s i b l e , which i s absent in t r a c i n g s of obese 

dwarf and non-obese dwarf mice ( f i g . 2 ) . 
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Table 1. 

Segregation data of matings Χ 

Phenotype 

obese 

non-obese 

t o t a l 

dwarf 

20 / 24 (26) 

81 / 77 (78) 

101 (104) 

non-dwarf 

72 (78) 

241 (233) 

313 (311) 

t o t a l 

92 / 96 (104) 

322 / 318 (311) 

414 

An of f spr ing of 414 mice was obtained from 46 matings. 

Tnere were 4 dwarf animals of which i t was u n c e r t a i n whether 

they belonged t o t h e obese dwarf group or t o t h e non-obese 

dwarf group. 

The expected number of animals of t h e 4 p o s s i b l e genotypes 

was c a l c u l a t e d on t h e b a s i s o f a 9 * 3 ï 3 ! l segregat ion 

r a t i o , assuming an independent segregat ion of the two genes. 

This expected number i s given in paren theses . 
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F i g . 2 . 

Densi tometr ie t r a c i n g s of amido Ъіаск s t a i n e d acrylanude 

gels prepared from p i t u i t a r y homogenates from normal, obese, 

obese dwarf and dwarf mice. 

normal 

CO 
CD 

obese 

obese-dwarf 

dwarf 

_ ^ W v_ 

distance in the gel 

Electrophoresis was applied to whole homogenates. Samples 

prepared from normal and ohese mice contained an equivalent 

of 0.1 pituitary, and samples from obese dwarf and dwarf 

mice contained an equivalent of 1.1 pituitary. 
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The аЪзепсе of t h i s hand cannot he t h e r e s u l t of a d i f f e r 

ence in loading of t h e gels s ince t h e equivalent numher 

of p i t u i t a n e s used for GH determination in dwarf homo-

genates i s 11 times higher than in t h e non-dwarf homo-

genat e s . 

A comparison of t h e following f e a t u r e s ; "blood glucose, 

plasma i n s u l i n and body weight ind ica ted t h a t , m s p i t e 

of t h e ahsence of GH, obes i ty and h y p e n n s u l m e m i a develop 

( t a b l e 2 ) . 

Both types of obese mice have an overweight of 60-70$ as com

pared t o t h e i r r e s p e c t i v e c o n t r o l s . The v a r i a b i l i t y of body 

weight of obese-dwarf mice i s much higher than of non-obese 

dwarf mice. Hypennsulmemia i s very well expressed in obese 

dwarf mice, however, t h e degree i s lower than in obese non-

dwarf mice. Hyperglycemia i s absent in obese dwarf mice, a l 

though a tendency for increased blood glucose values in obese 

dwarfs as compared with non-obpse dwarfs can be observed when 

l i t t e r m a t e s are compared. 
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Table 2 

Bod,y weicht, plasma i n s u l i n and Dlood glucose of n o m a i , obese, dwarf and o"bose dwarf mice 

body weight ( g r ) 

р іаьта i n s u l i n 
(nJ/t i l ) 

blood glaoose 
(mrf) 

гог-оЪеее nor-dwarf 

Î ? 

21.θ + 0.5 

("о) 

26.1 + 7.9 
(9) 

96.2 + 4.5 
(To) 

24.4 + 0.8 
(To) 

25.9 + 6.8 

(5) 

91.8 + 3.9 
(9) 

obese r.or.-dwarf 

?? 

37.4 + 1.2 
(7) 

326.9 + 46.6 

(7) 
114.4 + 5.7 

(7) 

З8.З + 1.3 
(B) 

232.0 + 44.9 

(B) 

196.8 + 29.5 

(8) 

non-obese1 dwarf 

9¥ 

7.2 + 0.4 
(S) 

14.5 + 3.6 
(6) 

66.4 + 7.0 
(") 

6.3 + 0 .? 
(9) 

28.3 + 6.7 
(9) 

52.8 + 4-7 
(S) 

obese dwarf 

Î? 

12.0 + 1.? 
(7) 

106.7 + 15.9 
(7) 

70.0 + 8.6 
(7) 

10.7 + 0.6 
(7) 

61.3 + 16.0 
(7) 

70.5 + Θ.0 
(7) 

Obese dwarfs have a higher bodyweight and higher i n s u l i n leve l s as compared "to 

non-obese dwarfs ( P < 0 . 0 l ) . 

Blood glucose concentrat ion i s not s i g n i f i c a n t l y increased. 

The mean and SEM are i n d i c a t e d . 

Number of observations in parentheses . co 



Fig . 3 . 

Adiposity of the Obese dwarf mouse 

Obese dwarf on the l e f t and non-obese dearf on the r i g h t . 

The abdominal cavi ty i s opened to show the excessive fat 

deposi t ion in obese dwarfs as compared to non-obese dwarfs. 
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Discussion 

On t h e Ъазіз of t h e f inding t h a t obese mice have a high 

su lphate incorporat ion i n t o c o s t a l c a r t i l a g e , НегЪаі et 

a l . ( i o ) suggested t h a t оЪезе mice have an increased 

l eve l of plasma GH. This increased GH leve l was con

s idered as a p o s s i b l e cause for t h e development of t h e 

obese-hyperglycemic syndrome of t h e s e mice. However, 

t h i s bioassay of GH i s not r e l i a b l e in obese mice because 

i t i s well known t h a t a l so i n s u l i n can s t i m u l a t e t h e i n 

corporat ion of su lphate i n t o c o s t a l c a r t i l a g e of mice (10, 

see a l so 15)· Because obese mice display hypermsul inemia, 

i t i s at l e a s t , d i f f i c u l t t o a s c r i b e a higher incorporat ion 

of su lphate t o an increased GH l i t e r . 

By making t h e a p p r o p r i a t e crosses between a dwarf s t r a i n and 

an obese s t r a i n , a number of mice was produced in which t h e 

g e n e t i c a l c o n s t i t u t i o n s for obes i ty and dwarfism were com

bined. The dwarfism of t h e s e mice, i n h e r i t e d from t h e Snel l 

dwarf s t r a i n , i s caused by a primary GH deficiency as a 

r e s u l t of a p i t u i t a r y insuf f ic iency ( l 6 ) . GH i s not d e t e c t a b l e 

in plasma of Sne l l dwarf mice ( l ? ) · Our mice, homozygous for 

obes i ty —r and. dwarfism -τ— , did develop obes i ty and 

dwarfism. Yanai et a l . (18) and Lewis et a l . (19) have shown 

t h a t t h e major p r o t e i n band in gels ran with p i t u i t a r y homo-

genates of non-dwarf mice i s i d e n t i c a l with GH. This bard i s 

absent in t h e electropherograms from non-obese dwarf and 

obese dwarf mice, i n d i c a t i n g t h a t t h e s e mice do not have s i g 

n i f i c a n t q u a n t i t i e s of GH made. The e s s e n t i a l f ea tures of 

t h e obese-hyperglycemic syndrome, obes i ty and hypermsul inemia 

are expressed m obese dwarfs. Obese dwarf mice have an over

weight of 60-70$ as compared t o non-obese dwarfs and a d i p o s i t y 

i s c l e a r l y v i s i b l e ( f i g . З ) . 
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Hyperinsulinemia i s p r e s e n t , but not as extreme as in 

obese non-dwarf mice ( t a b l e 2 ) . The lower degree of 

hyperinsul inemia could be explained from a d e f i c i e n t 

development of t ^ e i s l a n d s of Langerhans in obese dwarfs. 

I t i s known (20) t h a t a f t e r weaning, c e l l d i v i s i o n s tops 

in dwarf mice with as a consequence t h a t hyperplas ia and 

hypertrophy of i s l a n d s of Langerhans can hardly develop. 

In c o n t r a s t t o obese non—dwarfs, hyperglycemia could not 

be detected in obese dwarfs, although comparisons within 

l i t t e r s i n d i c a t e d a tendency for increased blood glucose 

l e v e l s t o be p r e s e n t . 

From t h e data presented, i t may be i n f e r r e d t h a t in s p i t e 

of t h e v i r t u a l absence of GH m t h e obese dwarf mouse 

—r -τ— , t h e c h a r a c t e r i s t i c syndrome of t h e obese hyper

glycemic mouse develops. Therefore, GH can not be e s s e n t i a l 

for t h e development of t h i s syndrome in t h e s e mice. Conse

quent ly , an increased c i r c u l a t i n g leve l of GH m t h e obese 

non-dwarf mouse, i f p r e s e n t , could only c o n t r i b u t e and 

aggrevate t h e syndrome. 

Abnormal plasma GH l e v e l s and p i t u i t a r y GH content have been 

r e p o r t e d for severa l g e n e t i c a l l y obese and d i a b e t i c s t r a i n s 

of mice. In t h e mutant mouse d iabetes (db) (21 ) and in t h e 

polygenic KK mouse (22) s t rong i n d i c a t i o n s for hypersecre

t i o n of GH have been found. In t h e NZO (New Zealand Obese) 

mouse, however, plasma GH concentrat ion i s normal (23) . 

The OTG (GoldThioGlucose) obese mouse has subnormal plasma 

GH concentrat ion ( 2 4 ) . On account of t h e s e r e p o r t s i t may be 

concluded t h a t in var ious s t r a i n s developing d iabetes and/or 

obes i ty t h e plasma GH level can be normal, subnormal or over-

normal. This i n d i c a t e s t h a t i f GH i s involved m t h e develop

ment of these syndromes, i t i s c e r t a i n l y not t h e pnt rary 

cause. 

87 



The conclusion of Green and Lane (12) that the genes 

for obesity (оЪ) and for dwarfism (dw) are not linked 

is justified Ъу the present linkage data which show 

an independent segregation of оЪ and dw, as can be 

concluded from the observed 9 s 3 s 3 : 1 ratio. Be

cause it is well established that the obese gene 

belongs to linkage group VI, the linkage group to 

which the dwarf gene belongs remains to be established. 
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Chapter VI 

OiBcussion 

The r e s u l t s of t h e present i n v e s t i g a t i o n are s t i l l i n s u f f i 

cient t o provide a c l e a r answer t o t h e quest ion as t o what 

should Ъе considered t h e primary defect of t h e obese-hyper-

glycemio syndrome m g e n e t i c a l l y ОЪ ЕС mice. On t i e other 

hand, t h e s e r e s u l t s provide a s o l i d t a a i s for f u r t h e r s t u d i e s 

aiming at t h e s o l u t i o n of t h i s problerr. A survey of -ne a v a i l 

able data , inc luding t h e sequence in which t h e var ious f e a t u 

res of t h e ohese-hyperglycemic syndrome Ъесочіе manifest du

r i n g t h e ear ly development, iray give clues as t o t h e d i r e c t i o n 

in which forthcoming researcn should, be p o i n t e d . 

The r a p i d growth of adipose t i s s u e becomes evident at a very 

ear ly s tage in t h e development of t h e syndrome. Because fat 

c e l l d i a n e t e r s in obese and non-obese mice can be d i s t i n 

guished from t h e 14th day of developnent, i t seems l i k e l y 

t h a t a d i f ference in e i t h e r l ipogenes i s and/or l i p o l y s i s be

tween obese and non-obese mice does occ-ir before t h i s t i m e . 

Since hyperinsulmemia and hyperglycemia develop l a t e r , i t 

seems reasonable t o suggest t h a t obes i ty , r a t h e r than d iabe

t e s , i s t h e primary defect or a d i r e c t consequence tneroof . 

I t can be excluded t h a t obesi ty i s a consequence of hyper

insu lmemia on account of t h e plasma i n s u l i n d a t a and on 

t h e b a s i s of subnicroscopic s t u d i e s of t h e i s lands of Langer-

hans . The l a t t e r study revealed t h a t no c l e a r i n d i c a t i o n s 

for d i f ferences in b e t a c e l l a c t i v i t y can be observed m 

i s l a n d s of 14 day old obese and non-obese mice (unpublished 

o b s e r v a t i o n s ) . 

A s u b s t a n t i a l number of abnormal c h a r a c t e r i s t i c s of t h e gene

t i c a l l y obese mouse could be explained or t h e b a s i s of a hyoo-

thyroidism. Although i t seemed well e s t a b l i s h e d t h a t ooese 

mice were euthyroid (45) 46) 1 "the present r e s u l t s c l e a r l y 
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i n d j c a t e hypothyroidism of obese mice older than 4 weeks. 

Measurements of t h e body temperature i n d i c a t e d t h a t hypo

thyroidism may occur as ear ly as t h e 10th day of p o s t n a t a l 

developnent. Moreover, t h e l a t e s r e s u l t s from a study of 

heart beat frequency and locomotor a c t i v i t y revealed a 

c l e a r l y lower l eve l of a c t i v i t y in ooese as coirpared t o non-

obese mice, even during t h e f i r s t week of p o s t n a t a l develop

ment. Also t h e s e f e a t u r e s may be seen as a consequence of hy

pothyroidism in obese mice. So far , i t remained u n c e r t a i n 

whether or not hypothyroidism i s a congenita l d e f e c t . 

The low leve l of muscular a c t i v i t y , heart beat frequency and 

locomotor a c t i v i t y , could explain in p a r t , t h e observed hign 

r a t e of body weight increase of obese mice as compared t o 

non-obese n i c e . I t seems u n l i k e l y , however, t h a t on t h e b a s i s 

of t h e low muscular a c t i v i t y alone s u f f i c i e n t c a l o r i e s could 

be saved t o support t h e excessive growth. I t , t h e r e f o r e , may 

be expected t h a t in addi t ion t o t h e energy saving by low mus

c u l a r a c t i v i t y , t h e high growth r a t e i s supported by a conge-

n i t a l l y higher c a l o r i c in take ; i . e . t h e obese mouse could be 

congeni ta l ly nyperphagic. Hyperphagia i s a well e s t a b l i s h e d 

abnormality of t h e postweaning obese mouse, but food in take 

during t h e f i r s t week of p o s t n a t a l l i f e has never been s t u d i e d . 

The data obtained from t h e experiments described m t h i s d i s 

s e r t a t i o n suggest t h a t t h e obese-hyperglycemic syndrome in 

mice o r i g i n a t e s from a congenital hypothyroidism and a con

g e n i t a l hyperphagia, phenomena which could both r e s u l t from 

a common hypothalamic d e f e c t . As nay become evident from t h e 

following d i scuss ion, t h i s hypothesis f inds more support 

froir t h e data presented than previous ideas concerning t h e 

o r i g i n of t h e syndrome. 

In І96З, Treble and Mayer (3 l ) suggested t h a t t h e оЪезэ-Ьурег-

glycemic syndrome develops in t h e — mouse as a consequence of 
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an enzymopathy. This suggestion was based on his finding that 

the enzyme glycerol kinase, which was thought to Ъе absent 

from adipose t i ssue of normal mice, is present in adipose t i s 

sue of obese mice. This enzyme controls the formation of alpha 

glycerophosphate from glycerol and ATP. Alpha glycerophosphate 

i s the acyl-CoA acceptor in the metabolic pathway leading 

from glycerol to tr ig lyceride. The presence of th i s enzyme 

in adipose t i ssue of obese mice would have as a possible con

sequence that glycerol, one of the products of l ipolysis in 

adipose t i ssue, does not leave the adipocyte but is used im

mediately as a substrate for lipogenesis. This could explain 

the accumulation of l ipids in adipocytes of obese mice. How

ever, data more recently obtained by Koschmsky et a l . (47» 

48, 49) indicate that glycerol kinase is not res t r ic ted to 

adipose t issue of obese mice, but is also found in adipose 

t issue of non-obese mice. Other data reported by Koschmsky 

et a l . abtained from a study of the relation between plasma 

insulin concentration and specific activity of adipose t i ssue 

glycerol kinase indicate that insulin can regulate the glyce

rol kinase activity of adipose t i s sue . These observations 

indicate that th i s enzyme can not play a primary role in the 

development of the syndrome because i t was shown that plasma 

insulin of obese mice is not increased as compared to non-

obese mice before the age of 3 weeks, whereas clear indica

tions for obesity can be observed at an age of 2 weeks. 

On the basis of determinations of the in vivo incorporation 

of ( З) sulphate in costal cartilage of obese nice, Herbal, 

Westman and Hellerström (42, 43) suggested that the quantity 

of plasma grovrth hormone was increased. However, GH producing 

alpha cells in the pi tui tary of obese mice did not show any 

sign of an increased activity when studied electronmicrosco-

pically (44)· Moreover, i t is well established tnat high con

centrations of insulin can stimulate the incorporation of 

sulphate into carti lage (50)· Therefore, i t is not excluded 
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that tne higher Sulphate incorporation in costal cartilage 

ohserved m obese mice results from the high plasma insulin 

level, rather than from a high GH t i t e r . The possibi l i ty that 

GH plays an essential role in the pathogenesis of the obese-

hyperglycemic syndrome can be excluded on the basis of data 

reported in th i s thesis which indicate that the syndrome can 

develop in tne absence of endogeneous GH in the case of the 

ooese dwarf mouse. 

In 1969i Stauffacher and Renold discovered that diaphragm 

t issue of the i r obese mice was not sensitive to insulin (32, 

33, SO) whereas adipose t issue was sensitive. This finding 

could be of essential significance because i t would provide 

an explanation for the rapid growth of adipose t i ssue of 

obese mice. Unfortunately however, the insulin msensit iv i ty 

of muscle t i s s i e is reversible and the detection of i t is 

dependent upon the age of the animal under investigation. 

Insulin sensit ivity of muscle t issue reappears after norma

lization of body weight (52). Because there are strong indi

cations tnat muscle t issue of preweaning obese mice has a 

normal insulin sensit ivity (35)i even though these mice 

already display signs of obesity ( this thesis) i t seems obvi

ous that rruscle m s a l m msensit ivi ty could hardly be consi

dered as the pnnary genetic defect in obese mice. 

A supposed hypersensitivity of the beta cells of the islands 

of Langerhans to carbohydrate stimulation does play a central 

role m the hypothesis of Genuth et a l . (35i 53). This hy

pothesis is based on the observation that obese mice, from 

4 to б weeks of age, have a high plasma insulin concentration 

in spite of a normal blood glucose concentration. However, 

th i s hypothetical hypersensitivity of beta cells could not 

be prooven m a study of Lernmark and Hellman (54) on the 

insulin secretion response of isolated islands of adult 

obese mice to the stimulating action of glucose. In fact, 
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t h e r e i s no c l e a r evidence for t h i s h y p o t h e t i c a l hypersens i

t i v i t y of ind iv idua l i s lands of оЪезе mice. So i t seems, t h a t 

h y p e r s e n s i t i v i t y of t h e i s lands t o carbohydrate s t i r r u l a t i o n 

can hardly be considered as an explanation for t h e observed 

hypennsu l inemia . Besides, data repor ted in t h i s t h e s i s show 

t h a t hypennsul inemia i s a r e l a t i v e l y l a t e phenomenon in t h e 

development of t h e syndrome. 

Chlouverakis et a l . (34 | 39) consider ad ipos i ty as t h e f i r s t 

d e t e c t a b l e phenomenon of t h e syndrome. In t h e i r view, hyper-

m s u l m e m i a and i n s u l i n r e s i s t a n c e are secondary events . Our 

r e s u l t s on t n e growth of t h e epididymal adipose t i s s u e sup

p o r t s t h i s concept. Ideas about t h e mechanism br ing ing avout 

a d i p o s i t y of obese mice were not repor ted by t h e s e a u t h o r s . 

S t r a u t z (36, 3?) repor ted so-ne very i n t e r e s t i n g experiments 

which led him t o suggest t h a t a, so far h y p o t h e t i c a l , f a c t o r 

i s missing from t h e i s l a n d s of Langerhans of obese mice, a 

f a c t o r which should be present in t h e i s l a n d s of normal mice. 

According t o t h i s suggest ion, t h e obese-hyperglycemic syndrome 

i s a def ic iency syndrome. This hypothesis was based on t h e 

r e s u l t s of t r a n s p l a n t a t i o n experiments. T r a n s p l a n t a t i o n of 

p ieces of pancreas , or i s o l a t e d i s l a n d s from normal mice 

i n t o obese mice e f fec t ive ly prevented t h e development of 

overweight, hyperglycemia and hypennsu l inemia . In h i s o p i 

nion, t h e s e r e s u l t s support t h e idea of t h e presence of a 

f a c t o r in t h e i s l a n d s of normal mice t h a t could act as a 

r e p r e s s o r of adipose t i s s u e g lycerol k i n a s e . In t h i s way, 

S t r a u t z explains t h e adipose t i s s u e g lycerol k inase a c t i v i t y 

of obese mice, and thus t h e development of o b e s i t y . Although 

for reasons previous ly discussed, t h e second par t of t h i s 

hypothesis can be disregarded. The suggestion t h a t t h e r e 

may be a f a c t o r present in non-obese i s l a n d s which i s absent 

from obese i s l a n d s i s a t t r a c t i v e . 

Since t h e t r a n s p l a n t a t i o n experiments are of c r u c i a l s i g n i 

ficance for t h i s suggest ion, and no other d a t a support ing 
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the results of Strautz are available, an attempt was made 

to repeat these experiments in our laboratoiy. Although the 

isolated islands of Langerhans showed normal insulin secre

tion kinetics m vitro, they were not viable after tranplan-

t at ion into the acceptor animals. Other laboratories were 

also unsuccesful in their efforts (Bray, personal communi

cation). A possible explanation for the failure to confirm 

the results of Strautz may be found in differences in immu

nological characteristics between the islands of the donor 

mice and the host, causing rapid degeneration of the implan

ted islands. Even though our obese strain is an inbred strain, 

and it was therefore expected that immunological differences 

between individuals should be minimal, some heterogeneity 

couls still be present in the genetic background responsible 

for the tissue-imrmumological properties. On the other hand, 

even if the experiments of Strautz could be repeated, the 

data would not necessarily support the conclusion, that the 

primary genetic defect is located in the pancreatic islands. 

As such, the results would not discriminate between the pos

sibilities that the defect in the function of obese islands 

is a primary consequence of the mutation, rather than an 

irreversible defect, evident at 6 weeks of age, but developed 

from another defect occurring earlier in the life of the 

obese mouse and localized elsewhere in the body. In our view, 

the problem of discriminating between the two alternatives 

could be solved by transplantation of islands from very young 

mice instead of those of mice of 6 weeks of age. If we assume 

that there is a defect m the islands of obese mice which 

is the consequence of the malfunctioning of an organ or 

organsystem regulating the island function, it is very like

ly to consider the hypothalamus as the organ in which the 

primary defect has to be sought. This speculation is based on 

the known relationship between the hypothalamus and the in

sulin secretion of the islands of mice and rats, as has been 

described by Idahl and Martin (55) and Martin (56). A factor, 
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capable of stimulating insulin secretion of isolated islands, 

can Ъе isolated from the ventrolateral part of the hypothala

mus of r a t s , hut not from the ventronedial part . This factor 

can be isolated also from normal rat blood plasma. If the 

hypothalamus has, indeed, a regulatory function in insulin 

secretion, i t is not unlikely that the hypothalamus is also 

active during the period of differentiation of the islands 

of Langerhans, and thus may play a key role in the develop

ment of the syndrome. 

In conclusion, i t may be pointed out that the hypothesis as 

developed on the basis of the results presented in th i s thesis 

agrees with those of Chlouverakis et a l . in that obesity 

i s a phenomenon closely related to the primary defect and 

that hypennsulinemia, insulin resistance and hyperglycemia 

are secondary features of the syndrome. In Genuth's view, 

the supposed hypersensitivity of the beta cells of the i s 

lands of Langerhans is caused by a disturbed hypothalamic 

function and/or gastrointestinal function which can, or can 

not be coincident with hyperphagia. We agree with Genuth, 

that the hypothalamus could be the s i t e of the primary ge

netic defect. In our hypothesis, hyperphagia is a congeni

t a l defect. A new element m the hypothesis is the sugges

tion of congenital hypothyroidism. 

The advantage of the hypothesis here presented is that i t 

explains a great number of defects in the etiology of the 

obese-hyperglycemic syndrome, and provides an at t ract ive 

basis for future research. 
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Chapter VII 

S umnar.y 

The obese-hyperglycemie syndrome in mice —r· is a compli

cated syndrome, which is characterized in its adult form 

Ъу endocrine, metabolic and behavioral anomalies. 

In an effort to identify and localize the primary genetic 

defect, a number of features of the syndrome sach as, 

hypothyroidism, hyperglycemia, hypennsulinemia, decreased 

locomotor activity, obesity and increased body growth were 

investigated in order to determine the timing of their 

first appearance in the course of development of the syn

drome. 

It was established that the development of this mutant 

mouse differs from normal with respect to body growth from 

birth on. The obese mouse is hypothyroid at least from four 

weeks of age on. Data, indicating that hypothyroidism is 

congenital were obtained. Of the known major anomalies of 

the syndrome (obesity, hyperglycemia, hypennsulinemia, 

insulin resistance), obesity is the first anomaly that can 

be distinguished. 

The experiments lead to the conclusion that neither abnormal 

growth hormone availability, nor hypennsulinemia or insulin 

resistance can be considered as primary defects in the 

etiology of the syndrome. 

A hypothesis is presented suggesting that congenital hyper-

phagia and congenital hypothyroidism, probably originating 

from a hypothalamic defect, are responsible for the entire 

pattern of abnormalities arising during the lifetime of the 

obese-hyperglycemic mouse. 
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Chapter Vili 

Samenvatting 

Het c^besitas-diabetes syndroom in de muis — is een 

ingewikkeld syndroom, dat m zijn volgroeide vorm ge

kenmerkt wordt door endocrine-, metabole- en gedrags-

afwijkingen. In een poging tot identifikatie en lokali

satie van het pnnaire genetische defect werden een aan

tal eigenschappen van het syndroom zoals: hypothyroidie, 

hyperglycémie, hypennsulinemie, verlaagde locomotorische 

aktiviteit, obesitas en versnelde lichaamsgroei onderzocht, 

met in eerste instantie, het doel om het tijdstip vast te 

stellen waarop deze eigenschappen zich voor het eerst 

manifesteren tijdens de ontwikkeling van het syndroom. 

Vastgesteld werd, dat de ontwikkeling van deze mutant van

af de geboorte afwijkt voor wat betreft zijn lichaamsgroei. 

De obese muis is vanaf een leeftijd van tenminste vier weken 

hypothyroid. Er werden aanwijzingen verkregen voor net 

congenitaal aanwezig zijn van deze hypothyroidie. 

Van de reeds bekende hoofdkenmerken van het syr.drooir 

(obesitas, hyperglycémie, hypennsulinemie en insuline resis

tentie) openbaart de obesitas zich het eerst. 

De uit dit onderzoek verkregen gegevens leiden xot de kor-

klusie dat noch een afwijkende groeihormoon produktie, noch 

de hypennsulinemie of de insuline resistentie beschouwd 

kunnen worden als het primaire genetische defect in de etio-

logie van het syndroom. 

Het proefschrift bevat een hypothese ter verklaring van het 

ontstaan van het syndroom, die een congenitale hyperfagie en 

een congenitale hypothyroidie veronderstelt, welke beide hur 

oorsprong zouden kunnen vinden in een afwijking m de hypotha

lamus . 
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STELLINGEN 

I 

Om de kans op het optreden van een tweede "thahdomide-drama" zo gering 
mogelijk te maken, zal de overheid op zeer korte termijn moeten komen tot 
het instellen van een algehele registratie van congenitale afwijkingen Tot 
dit doel dienen artsen wettelijk te worden verplicht door hen geconstateerde 
aangeboren afwijkingen te melden aan een centrale instantie 

II 

De hypothese van Renwick, inhoudende dat anencephalie en spina bifida 
bij pasgeboren kinderen meestal veroorzaakt worden doordat de moeder 
tijdens de zwangerschap een onbekende stof, aanwezig in bepaalde aard 
appelen, consumeert, is waarschijnlijk slechts een gedeeltelijke verklaring 
voor het optreden van deze aangeboren misvormingen 

Renwick, Br J Prev Soc Med 26,67-88(1972) 

III 

Door het in toenemende mate wegvallen van de selectiedruk tegen erfelijke 
ziekten zal de kwaliteit van de mens als genetische soort verminderen, 
hetgeen een gevaar inhoudt voor zijn voortbestaan 

IV 

Het tot stand komen van absolute koppeling van genen dmv inversies is 
een met voor alle soorten bruikbaar principe voor het bij elkaar houden 
van gunstige genencombinaties 





ν 

De progressiviteit in de tarieven van de inkomstenbelasting gecombineerd 
met de aftrekbaarheid van de rente op geldleningen, dragen op een onrecht
vaardige manier bij tot het vergroten van verschillen in financiële welstand. 

VI 

Gezien de plaatselijk zeer hoge bevolkingsdichtheid in Nederland lijkt het 
niet zinvol om het honorarium van zittende burgemeesters te relateren aan 
het aantal inwoners van de gemeente. 

Nijmegen, 25 april 1974 H.F.P. JOOSTEN 








