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Summary.  Median eminence lesions, in the area of the 
areuate nucleus, appear to decrease, one hour post oral 
glucose, blood glucose levels in hyperglycemic rats, in- 
dependent of changes in weight. 

Nouvelles observations quant d l'effet de l~sions hypo- 
thalamiques chez le rat des sables (Psammomys obesu8) 

R~sumg. Des 16sions plac~es au niveau du nucl6us 
areuatus semblent diminuer les taux de glucose sanguin 
observes une heure apr~s une surcharge par voie orale 
chez les animaux par aflleurs hyperglyc~miques. 

Zus~tzliche Beobachtungen der Folgen hypothalamischer 
Laesionen bei der Sandratte (Psammomys obesus) 

Zusammenfassung. Laesionen in der Gegend des Nu- 
cleus Arcuatus scheinen die nach einer Stunde nach Glu- 
cose per os erhaltenen Blutzuekerwerte bei hyperglyk/i- 
mischen Sandratten zu vermindern. 

Key-words: Sandratte, Psarnmomys obesus, blood glu- 
cose, hypothalamus, lesions of hypothalamus, hypergly- 
cemi~. 

In  an a t t empt  to establish a laboratory colony of 
the sand rat  (Psammomys obesus), it was found tha t  
this animal develops a chow-induced diabetic syndrome 
[29]. This syndrome is characterized by  hypergly- 
cemia, elevated plasma insulin levels except during 
ketoaeidosis, diminished extractable pancreatic insulin, 
glucosuria, and pathologic lesions including cataracts,  
B cell degeneration, vacuolization of the pancreatic 
islet tissue and glycogen nephrosis [13, 14, 25, 20, 11]. 
The animals vary  in their diabetogenic susceptibility 
[14, 24]. 

Tha t  s tarvation diminishes carbohydrate tolerance 
was first recognized by  Claude Bernard [3], and has 
been since confirmed by  a number  of investigators 
[32, 2, 17, 35]. The possible existence of a long acting 
contra-insulin starvation hormone from the anterior 
pi tui tary was considered over th i r ty  years ago [10, 2]. 
In  white rats, 7 - -  10 days are required for the develop- 
ment  of s tarvation diabetes, these animals being not- 
ably resistant to the induction of experimental  diabetes 
[17]. The effect of a preliminary feeding of carbo- 
hydrate in improving the glucose tolerance was first 
described in 1919 [15] and by  Staub and Traugott  [31, 
34]. This effect has also been observed in the sand rat,  
with the blood sugar returning toward starvation levels 
within 6 h in this species (see below). 

I t  has been known since the fundamental  obser- 
vat ion of B.A. Houssay and his collaborators [16], tha t  
removal  of the anterior lobe of the pi tui tary greatly 
diminishes the severity of diabetes in pancreateetomiz- 
ed animals. F. G. Young, in his studies on metahypo-  
physeal diabetes, established the concept tha t  growth 
hormone (GH) might be the diabetes-inducing sub- 
stance of the hypophysis [8]. 

In  1963 [28], it was shown tha t  insulin-induced 
hypoglycemia was associated with a rapid rise in 
plasma GH levels which could be shut off by prompt  
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glucose administration. Also, prolonged fasting in a 
normal subject was accompanied by  a progressive rise 
in the plasma level of the hormone, subsequently 
turned off by  feeding. The fasted sand ra t  with che- 
mical diabetes has relatively low fasting and 4 h blood 
glucose values. I t  seemed possible, therefore, tha t  GH 
was playing a role in the development of diabetes in 
the sand rat,  since fasting and feeding in these inter- 
mi t tent  feeders could provide continuous alternations 
of blood sugar levels as a stimulus to GH secretion. 

Hypothalamic releasing factors for GH have been 
demonstrated [27, 18, 21], as have hypothalamic 
glucoreceptors [23, 22, 1]. The possibility tha t  an 
increased sensitivity of these receptors to a blood sugar 
fall, or to som e other metabolic stimulus appearing in 
the course of starvation played a role in initiating the 
diabetic syndrome in the sand ra t  was considered by  
us; if this were so, interruption of the hypothalamo- 
hypophyseal  reflex are might have an ameliorative 
effect, l~eflex secretion of GH in the ra t  appears to be 
blocked by  lesions in the posterior median eminence 
[19]. Our earlier studies have suggested tha t  this type 
of lesion may  improve the diabetic glucose tolerance 
of the sand rat  [4, 5]. 

This paper describes some characteristics of the 
oral glucose tolerance of 94 sand rats, and a correlative 
s tudy of post-lesion histology, 1 h blood glucose levels 
after oral glucose, and weight, in 17 sand rats. 

Materials and Methods 

Sand rats t rapped in Egypt ,  and others bred in 
captivity, were used. All animals received fresh vege- 
tables (carrots and spinach) ad libitum, with no addi- 
tional water available. They were kept  in a separate 
room in the animal quarters kept  at  78--82~ and 
40- -50% relative humidity. Glucose 300 mg/ml N 
saline/100 g rat  was administered orally by  garage  
after an overnight (15--17 h) fast, and glucose levels 
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were measured in 20 F1 of blood obtained from the tip 
of the tall. "Two and six hour fed" sand rats were 
fasted overnight, then given oral glucose two and six 
hours after feeding of vegetables, ground up with N 
saline, in a Waring blendor. "Two hour fed" white rats 
were treated in a similar manner but were fed a sus- 
pension of lab chow in saline also prepared in a Waring 
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Fig. 1. Oral GTT in 94 sand rats 

with epoxylite, except for 0.4 mm at the tip. The 
animal's head was fixed in a C.A. Stoelting stereotaxic 
instrument and the incisor bar adjusted so that  the 
surface of the animal's skull was perpendicular to the 
vertical zero of the instrument. Animals were anaest- 
hetized with Avertin (25 rag/100 gm rat IP). The stereo- 
taxie coordinates for the lesions were F = 4 . 8  (except if 
noted otherwise) H = b a s e + 0 . 2 ,  placed in the midline. 
A current of 3 milliamperes (estimated) was passed for 
30 see. Animals were either decapitated terminally or, 
in some cases, died from other causes. Brains were fix- 
ed in 10% formalin and prepared for histological ex- 
amination either by passage through alcohol and em- 
bedding in paraffin, or by freezing. Sections (15 F thick 
for paraffin and 50 F for frozen) were stained for the 
most part  with toluidine blue but I-I&E, thionine and 
cresyl violet were also used. Histology was read blind 
(G.Z.). 

Results and Discussion 

The four hour oral glucose tolerance of 94 sand rats 
shows a peak at 1 h, relatively high when compared to 
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Fig. 2. Distribution of 1 h blood sugars in the sand rat (9~ animals) 
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Fig. 3. l~elationship to weight of 1 h blood 
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sugar levels in the sand rat (94 animals) 

blendor. Blood sugars were measured on the Technicon 
autoanalyzcr using the standard ferricyanide micro- 
determination technique. 

A radiofrequency lesion maker "Grass model LM3" 
was used for placing the stereotaxic lesions. I t  had a 
stainless steel electrode diameter of 0.3 mm, insulated 

white rats, and low fasting and 4 h values. (Fig. 1). 
The distribution of one hour blood sugars appears to 
be unimodal but skewed, with many animals in the 
hyperglycemic range (Fig. 2). There is no correlation 
between weight and one hour blood sugars (Fig. 3). 
Information on body composition in the sand rat is 
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unava i l ab le  a t  present .  P r io r  feeding lowers the  1 h 
b lood sugar  somewha t  in hyperg lycemic  sand ra ts ,  b u t  
no t  in whi te  r a t s  or normoglycemic  sand  ra t s  (Table 1). 
Fu r the rmore ,  th is  is t h rough ly  d i ss ipa ted  (within 6 h) 
even in the  hyperg lycemic  sand r a t  (Table 1). A l though  
the  mechan i sm of the  S t aub  T r a u g o t t  effect r emains  to  
be e luc ida ted  [33, 9], the  hypophys i s  appea r s  to  be 
ind ispensable  for th is  phenomenon  [30]. 

e la ted  wi th  a t r a n s i t o r y  d rop  in b lood  sugar  ( last ing 
64 days)  and  the  o ther  an imal  d e m o n s t r a t e d  an  elec- 
t rode  t r a c t  in the  med ian  eminence wi th  ques t ionable  
des t ruc t ion  of cells. Midline lesions in o ther  areas  of 
the  an te r io r  and  pos ter ior  h y p o t h a l a m u s  d id  no t  a l t e r  
the  b lood sugar  in 8 an imals  (Table 3). 

There  are  a n u m b e r  of p rob lems  in the  in te rp re ta -  
t ion  of these  da ta .  Since this  s t u d y  concerned a colony 

Table 1. Blood sugar one hour after oral glucose 

N 15 h fast 2 h fast 6 h fast P 

Hyperglycemic 15 196 (37) a 148 (33) < 0.01 
S1% 
Normoglycemic 8 93 (19) 108 (37) 
SI~ 
Whi te  l%ats 4 1O0 (11) 109 (8) 
Hyperglycemic l l  b 187 (32) 176 (30) 
SR 
Normoglycemic 11 c 115 (14) 110 (23) 
SR 

a Figures in parentheses are s tandard  deviations 
b 11 tests on 7 sand rats 
c 15 tests on 9 sands rats. 

Table 2. Lesions in arcuate nucleus 

S.R. Sex Age Coordi- Lesion One hour B.S. Days Weights  
(months) nares post  

(AP) lesion 

Areuate nuclei 213 (1) a / 95 (2) 

215 (1) '96 (2) 

80A M > 6 4.8 
(estimated) 

13 F > 6 4.8 
(estimated) 

107 F 6 4.8 

Periventr icular  
extension of 
arcuate nuclei 
and VM nuclei 
Arcuate nuclei 

84 M 17 4.8 Arcuate nuclei 
45 3/i 6 4.8 Arcuate nuclei 
89 F 17 4.8 Periventricular 

extension of arcuate 
nucleus, arcuate  
nucleus and VM nucleus 

158 F 6 4.8 Arcuate nucleus 
(unilateral) 

61 F 6 4.8 Areuate nucleus 
(unilateral) 

54 F 10 4.8 No lesion ? Electrode 
t rac t  along 3rd 
ventricle 

160 (1) 128 (1) 1 h 
197(1) 110 (1) 2 h  b 
168(1) 111(1) 
20S(2) 107 (1) 
238 (1) 116 (4) 

24 

14 

45 

23 
24 
81 

195 (1) / 189 (2) 

219 (1) / 209 (2) 

220(1) 215(1) 

196 (1) 182 (1) 
185 (2) 203 (1) 
202 (1) 193 (4) 

22s  (2) / 117 (7) s7 182 (2) / 182 (7) 

201 (1) / 119 (3); 179 (3) 64 209(1) /201(3) ;191(3)  
(150) (6) 92 (196) (6) 

125 (1) / 150 (4) 54 271 (1) / 242 (4) 

a Figures in parenthesis refer to number  of determinations.  
b Peak blood sugar value pre lesion was a t  2 h. The pa t t e rn  of the glucose tolerance remained unchanged post 

lesion in other animals tested with peak values at  1 h. 

I t  would  appea r  from the  presen t  s t u d y  t h a t  lesions 
of the  m e d i a n  eminence,  in the  area  of the  a r cua t e  
nucleus,  lowered  the  one hour  blood sugar  in 7 of 9 
an imals  i ndependen t  of weight  change (Table 2). Of 
the  two an imals  t h a t  fai led to  respond,  one an imal  h a d  
a small  un i l a t e ra l  lesion in the  a rcua te  nucleus asso- 

of wild animals  and  the i r  offspring, the  expe r imen ta l  
subjec ts  were of different  age, sex and  weight .  I n  
addi t ion ,  the  size of rad io - f requency  lesions varies,  in  
our  hands  a t  least ,  pe rhaps  as a resul t  of in s t an taneous  
cur ren t  d rop  when t issue is des t royed  a n d  coats  the  
e lectrode.  F u r t h e r m o r e  there  is some v a r i a b i l i t y  in the  
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one hour  blood sugar in  indiv idual  sand rats. I n  order 
to evaluate  this, 40 one hour  de terminat ions  were per- 
formed on 15 hyperglycemic sand rats. 

Arbi t rar i ly  set t ing 175 mg~o as threshold for 
hyperglycemic levels and  140 mg~o as the upper  l imi t  
of normoglycemia,  3 of 40 de terminat ions  fell to nor- 
moglycemic levels. This compares with 3 of 43 in  the 
lesioned group outside the arcuate  nucleus and  19 of 
39 in  the group with lesions of the arcuate nucleus.  
Since all of the animals  were handled  in  a similar 
manner ,  i t  would appear  tha t  lesions involv ing  the 
arcuate  nucleus t end  to have a blood sugar lowering 
effect in  the sand rat .  

Confirmatory informat ion  of a role for the perive n- 
t r icular  arcuate  system in  the diabetic syndrome of 
these animals  will be presented elsewhere [6]. The ven- 
tromediM nuclei  are in  close p rox imi ty  to and  ex tend  
alongside the midpor t ion  of the arcuate  system, which 

growth hormone secretion. Endocrinology 711, 605 
(1966). 

2. Bergman, H.C., Drury, D.t~. : Effect of feeding and 
fasting on sugar utilization of eviscerated rabbits. 
Proe. Soc. exp. Biol. 37, 414--417 (1937). 

3. Bernard, C. : Legons sur le diab6te et la glycog@n6se 
animale, p. 70. Paris, 1877. 

4. Brodoff, B.N., Zeballos, G., Dorn, J . :  Amelioration 
of the diabetic glucose tolerance of the sand rat  after 
hypothalamic injury. Metabolism, 6, 744 (1967). 

5. -- -- -- A possible role for the central nervous system 
in sand rat  diabetes. Excerpta medica international 
congress series No. 172, proceedings of the VIth  con- 
gress of the Int .  Diabetes Federation Stockholm, 
Excpt. Med. Foundation,  Amsterdam, p. 823 (1969). 

6. Brodoff, B. N., Kagan, A., Hagedoorn, J., and Slotnik, 
B. : The effect of hypothalamic lesions in the sand rat 
maintained on a high fat diet. 

7. Cahill, G.F. : Pathophysiology of diabetes. Med. Clin. 
N. Amer. 49, 881--892 (1965). 

8. Cotes, P.M., Reid, E., Young, F .G. :  Nature (Lond.) 
164, 992 (1949). 

Table 3. Lesions outside arcuate nucleus 

S.R. Sex Age Coordi- Lesion 
(months) nates 

(AP) 

One hour B.S. Days 
post 
lesion 

Weights 

65 
50 
19 
90B 

99B 

67 

23 
96 

F 14 4.8 Mesencephalon 
F 11 4.8 Mammillary bodies 
M 12 4.8 Mammillary bodies 
F 14 4.8 Posterior hypothala- 

mus above 
mammillary bodies 

F 22 4.8 Thalamus at n. 
reuniens 

F 16 4.8 Posterior hypothala- 
mus dorsal to VMN 

F 12 4.82 Anterior hypothMamus 
F 16 4.89 Anterior hypothalamus 

187 (1)a/197 (4) 
170 (1) / 176 (3) 
181 (1) / 170 (4) 
268 (1) / 202 (3) 

194(1) 189(3) 

164 (2) 163 (3) 

211 (2) 197 (6) 
159 (2) 145 (6) 

87 
63 
64 
54 

51 

26 

51 
51 

186 (1) / 155 (4) 
206 (1) / 213 (3) 
218 (1) / 177 (4) 
254 (1) / 228 (3) 

173 (1) / 172 (3) 

225 (2) / 195 (3) 

158 (2) / 160 (6) 
157 (2) / 140 (6) 

a Figures in parenthesis refer to number  of determinations 

is considered by  some to be the final common neuro- 
endocrine pa th  [36]. I n  a s tudy  reported on a t  this 
symposium bilateral  lesions of the vent romedia l  nu-  
cleus were also associated with a reversion toward nor- 
mal  of hyperglycemic blood sugar values in  another  
diabetic species, the db mouse [37]. 

Our decision to invest igate  central  neurogenic in- 
fluences on sand ra t  metabol ism was based on earlier 
studies on growth hormone physiology in  other species 
[2, 10, 8, 28, 30], and  also on the response of these 
animals  to fasting and  feeding [26, 7]. The mechanism 
of these neura l  effects remains  to be elucidated. 
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