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The Sand Rat (Psammomys Obesus) as an Experimental Animal in Studies 
of Diabetes Mellitus* 

DONALD ]~. tIACKEL, EIL~EN lV[IKAT, HAROLD E. LEBOVITZ, KNUT SCHMIDT-NIELSEN, EDWAI~D S. HORTON, 
a n d  THOMAS D. KINNEY 

Depar tments  of Pathology,  Medicine and Zoology, Duke Universi ty,  Durham, Nor th  Carolina, U. S. A. 

Summary.  The sand ra t  has some unique at t r ibutes ,  
which make i t  a valuable experimental  animal.  The 
occurrence of increased plasma insulin levels and of hyper-  
glycemia is l inked to an increased food intake.  As in the  
human matur i ty-onset  t ype  diabetes,  there seems to 
be an element of insulin resistance, and this can be de- 
mons t ra ted  in  vitro by  the relat ive unresponsiveness of 
sand ra t  adipose tissue to increasing doses of pork in- 
sulin. Prophylact ic  t rea tment  with aeetohexamide seems 
to have some protect ive effect against  the  diabetogenic 
results of a high calory diet. --  I t  is expected tha t  the 
diabetic syndrome in sand rats,  which can be so easily 
induced by  d ie tary  manipulat ion,  will be a valuable tool 
in helping to clarify some of the  possible mechanisms in 
the  syndrome of diabetes mellitus. 

Le rat des sables (Psammomys obesus) en tant qu'ani- 
real experimental pour l'gtude du diab~te sucre. 

Rgsumd. Certaines caract4ristiques particuli~res du ra t  
des sables en font un animal  d'exp4rience de grande valeur.  
L 'augmenta t ion  des t aux  plasmatiques d' insuline et de 
glucose est li4e chez lui h une augmenta t ion  de la prise de 
nourri ture.  Tout  comme c 'est  le cas pour le diab~te hu- 
main  de type  adulte,  il semble y avoir par t ic ipat ion d 'un  
414ment de r4sistance ~ l ' insuline qui peut  8tre mis en 
4vidence in vitro par  la sensibilit4 dimlnu4e du tissu adi- 
peux du ra t  des sables ~ l ' insuline de pore. I1 semblerai t  
qu 'un t ra i t ement  prophylaet ique par  l 'ac4tohexamide 
exerce un effet proteeteur  centre l 'effet diab4toggne d 'un  
r4gime riehe en calorics. --  I1 semble raisonnable de 

penser que le syndrome diab4tique du ra t  du sable, si 
facilement provoqu4 par  la modification du r4gimc, 
pourrai t  s 'av4rer 6tre un instrument  de grande valeur  
duns l '4tude des m4eanismes pathog4n4tiques possibles du 
syndrome diabgtique. 

Die Sandratte (Psammomys obesus) als experimentelles 
Modell zur Untersuchung des Diabetes mellitus. 

Zusammenfassung. Die Sandra t te  verfiigt tiber meh- 
rere einmalige Eigenschaften, die aus ihr ein wertvolles 
Laborator iumst ier  machen. Das h/iufige Auftreten yon 
erh6htem Plasma-Insulinspiegel  und ttyperglyk/~mie 
steht  im Zusammenhang mi t  einer gesteigerten Nahrungs- 
aufnahme. Wie im mensch]ichen Reife-Diabetes scheint 
aueh hier einc Insulinresistcnz aufzutreten, und diese ist 
in vitro naehweisbar : das inkubierte  Fet tgewebe der Sand- 
ra t t e  spricht auf eine Stimulierung mi t  steigenden Desert 
yon Sohweineinsulin nur wenig an. Prophylakt isehe 
Behandlung mi t  Acetohexamid deutet  auf eine Schutz- 
wirkung gegen die diabetogenen Folgen eiuer kalorien- 
reichen Di/~t. - -  Es ist zu erwarten, dab das diabetische 
Syndr0m in der Sandra%te, das so leicht durch Manipu- 
lat ionen der Di/~t erzeugt werden kann, ein niitzliches 
Modell zur Untersuchung der m6glichen Meohanismen der 
diabetisehen Pathogenese darstellen wird. 
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The  sand  r a t  has  a roused  pa r t i cu l a r  in te res t  as an  
exper imen tM an ima l  because  of an  a p p a r e n t  s imi la r i ty  
to  cer ta in  h u m a n  d iabe tes -p rone  popula t ions .  As 
po in t ed  ou t  b y  N~,EL [14] and  b y  CAmeL [2], the  me ta -  
bolic a l t e ra t ions  of d iabe tes  mel l i tus  could  have  sur- 
v i v M  va lue  in  t imes  of i n a d e q u a t e  food supply .  S tudies  
of var ious  h u m a n  popu l a t i on  groups  are,  in  generM, 
cons is ten t  wi th  th is  hypo thes i s  [1, 4, 3]. I n  a s imilar  
fashion the  sand  r a t  in  i ts  n a t u r a l  h a b i t a t  has  a food 
supp ly  t h a t  is of r e l a t ive ly  low calorie content ,  requir-  
ing the  i n t a k e  of large  quant i t i es  of p l an t s  in  order  
to  reach  a bare  subsis tence level.  Thus,  i t  m a y  have  
evolved  wi th  inc ip ien t  d iabe tes  as a mechan i sm t h a t  
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is p ro t ec t i ve  aga ins t  the  vagar ies  of deser t  food sup- 
plies. 

W h e n  the  sand r a t  was in t roduced  to  the  aff luent  
life of the  l a b o r a t o r y  and  given a supp ly  ad  l ibitum 
of Pu r ina  L a b o r a t o r y  Chow, i t  was found  to  have  over t  
man i fes t a t ions  of d iabe tes  mell i tns ,  inc luding cata-  
racts ,  g lueosuria  and  hype rg lycemia  [15, 10]. On the  
o ther  hand ,  if the  animals  were m a i n t a i n e d  on an  all- 
vege tab le  die t  of spinach,  carrots  and  beets  t h e y  d id  
no t  show these  effects. 

Relation of caloric intalce and glucose intolerance 
W h e n  sand  ra t s  were swi tched  f rom the i r  usual  all  

vege tab le  d ie t  to  a d ie t  of h igher  calorie va lue  (either 
P u r i n a  L a b o r a t o r y  Chow or a s imilar  syn the t i c  diet)  
t h e y  d id  no t  r e spond  in a un i form m a n n e r  [7, 8]. Some 
deve loped  a fu lmina t ing  t y p e  of diabetes ,  o thers  were 
r e l a t ive ly  res is tan t ,  and  others  were able  to  compensa te  
for a while b u t  even tua l ly  deve loped  a progress ive  loss 
of glucose tolerance.  A n  example  of the  fu lmina t ing  
t y p e  is seen in  F igure  1, which  demons t r a t e s  the  a lmos t  
comple te  loss of glucose to le rance  and  low p l a s m a  in- 
sulin levels in t h i s  group.  A t  a u t o p s y  the  panc rea t i c  
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beta eels of these animals were degranulated and 
vacuolated, and they had fa t ty  rivers and glycogen 
nephrosis. They are probably similar to those found by  
MIKT et al. to have severe diabetes and a low pancreatic 
insulin content [13]. I t  is of course possible tha t  they 
had  an initially high plasma insulin in the 2 weeks 
preceding the first analysis; and that  the terminal pic- 
ture was one of insulin exhaustion. Fig. 2 represents the 
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Fig. 1. Glucose tolerance test of sand rat  with fulminating diabetes mellitus; 
on vegetable diet during control period (block on left); on Laboratory Chow 

for 2 weeks (block on right). From Diabetes 15, 109 (1966) [7] 
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Fig. 2. Glucose tolerance test of sand rat  on synthetic diet, with a variable 
but progressive course. From Diabetes 15, 110 (1966) [7] 

type of response seen in most other animals: on the 
high calory diet the plasma insulin level wa s usually 
high, and the glucose tolerance was variably but  pro- 
gressively decreased. 

In  order to delineate further the relationship be- 
tween food intake and glucose tolerance, groups of sand 
rats were subjected to shifts from low to high or from 
high to low caloric diets [6]. When animals were fed on 
a synthetic diet of restricted calorie content (average 
29 cMories/day) they lost weight, maintained normal 
glucose tolerance, and had a low plasma insulin (aver- 
age = 22 #U/ml). Shifting to a supply ad libitum of the 
same food, their daily food intake equalled 49 calories, 

their glucose tolerance became moderately decreased, 
and their plasma insulin levels increased markedly 
(average = 333 #U/ml). Animals tha t  were main- 
tained at  first on a diet ad libitum averaged 40 calories 
intake/day, developed loss of glucose tolerance and an 
elevated plasma insulin (av. = 822r When their 
food intake was restricted to 28 cMories/day they lost 
weight, and their glucose tolerance and plasma insulin 
levels (av. ---- 156 #U/ml.) became more normal. 

Although these experiments speak strongly for the 
importance of overall calory content in the induction 
of diabetes, it is also possible tha t  a particular com- 
ponent in the diet could be the main factor. For exam- 
pie, in the diet restriction studies, total  calories were 
reduced by  30- -40%;  and although carbohydrate in- 
take was maintained in the same percentage relation 
to total  calories, it was reduced in absolute amounts. 
Thus, it is equally possible tha t  the carbohydrate con- 
tent  of the diet could account for the diabetogenie 
effects. Studies are in progress in which the percentage 
content of carbohydrate, protein and fat  is varied as a 
means of answering this question. 

Effect of acetohexamide 
As an additional step in the a t tempt  to analyze the 

metabolic responsiveness of the sand rat, a s tudy was 
carried out using the drug acetohexamide (Dymelor, 
Lilly) [12]. The experiment was done in the U.S. Naval  
Medical l~esearch Unit  # 3 laboratories in Cairo, with 
animals recently captured in the desert. The drug was 
incorporated in the basic synthetic diet, which included 
51% glucose, 23% protein and 3.5% fat. A striking 
difference was apparent  between the effects of the diet 
in the two different groups (see Table 1). The animals 

Table 1. Effect of acetohexamide (in diet B) on blood glucose 
and plasma insulin (mean values) 

Blood glucose Plasma insulin 
(rag % ) (microunits/ml) 

Diet Control 61 (6) 1 54 (6) 
A 3 wk. 214 (2) 914 (2) 

6 wk. 153 (2) 745 (2) 

Diet Control 65 (5) 38 (5) 
B 3 wk. 93 (4) 442 (4) 

6 wk. 64 (4) 157 (3) 

1 Figure in parentheses = no. of animals. 

fed the basic synthetic diet (diet A) had a high mor- 
tality, with only 2 of the 6 animals surviving for the full 
6 weeks of the experiment. The survivors had markedly 
elevated "fasting" glucose levels and abnormal glu- 
cose tolerances. These changes were identical with a 
much larger number of animals previously studied in a 
similar fashion [7]. In  contrast, the group of animals in 
which the basic diet was supplemented with aceto- 
hexamide (diet B) had only one animal die out of five, 
and maintained a normal "fasting" glucose level and g 
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normal glucose tolerance. At the same time, the plasma 
insulin levels were markedly elevated in both groups. 
Although the number of animals is too small to permit 
statistical evaluation, it is clear that  the insulin levels 
were at least no higher in the group on acetohexamide 
than in the animals on the basic diet. 

Thus, acetohexamide seems to have a protective 
effect on sand rats on an otherwise "diabetogenic" diet; 
this beneficial effect occurs in the presence of plasma 
insulin levels that  are lower --  or, at least, no more --  
than those seen in the non-treated group. This suggests 
the possibility of extra-pancreatic effects of the drug. 

The incidence of these infections was not demon- 
strably greater in animals with manifest diabetes than 
in those apparently normal. I t  has been suggested, 

Infections 
A striking finding in the sand rat has continued to 

be the high incidence of infections [9]. Pneumonia, and 
abscesses in jaws, skull and extremities are frequent. 
The jaw and skull abscesses may be secondary to 
abrasions of the gums, since acute gingivitis and period- 
ontal abscesses are common (Fig. 3). Pyelonephritis 

l~ig. 4. Acute  necrot izing renal  pa!0i]litis. 10 • 

Fig .  3. Focus  of  acu te  g ingiv i t i s  a t  denta l  marg in .  120 • 

was occasionally present, and in 3 instances the renal 
infection took the form of an acute necrotizing papil- 
litis (Fig. 4) similar to the entity that  is often seen in 
humans with diabetes mellitus. Sections of salivary 
glands were taken at autopsy of sand rats that  died 
shortly after arrival from Egypt.  Large cytomegalie 
intranuclear inclusions were seen in about 40 % of these 
(Fig. 5); no inclusion bodies were seen in any other 
organs. 

Fig.  5. Iu t r anuc lea r  cytomegal ie  inclusions in  duc t  cells of  sa l ivary  gland.  
807 • 

since all sand rats seem to be predisposed to diabetes, 
that  the high incidence of infections may reflect this 
generalized incipient diabetic s t a t e  [9]. Additional 
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suggest ive evidence for th is  concept  is the  observa t ion  
t h a t  an occasional  sand  r a t  deve loped  some decrease in 
glucose to lerance  even when on mixed  vegetables ,  
especial ly if bee ts  were a m a j o r  p a r t  of t h a t  d ie t ;  and  
t h a t  in some cases the  decrease in glucose to lerance  was 
t r ans i en t  and  was associa ted  wi th  the  appea rance  of a 
j aw abscess or o ther  infect ion [7]. W h e n  the  j aw abscess 
subsided the  glucose to lerance  r e tu rned  to  normal .  This 
t y p e  of response dur ing  a per iod  of stress m a y  be simi- 
la r  to  the  cort isone-glucose to lerance  test ,  which in 
humans  has  been used to  u n m a s k  a l a t en t  d iabet ic  
s ta te  [5]. 

Response of sand rat adipose tissue to insulin in vitro 
Because of the  genera l ly  high p l a sma  insul in levels 

in the  sand ra t s  on a d iabetogenic  diet ,  i t  is hypo th -  
esized t h a t  the  resul t ing  d iabetes  is r e l a t ed  to a 
decreased per iphera l  effectiveness, r a the r  t h a n  to  an  
abso lu te  def ic iency of insulin.  As one means  of tes t ing  
this  possibi l i ty ,  a s t u d y  was designed to  eva lua te  the  
response of sand  r a t  adipose  t issue to  insulin in vitro 
[ii]. 

Three sand  ra t s  were m a i n t a i n e d  on m i x e d  vege- 
tables ,  a n d  6 sand  ra t s  were fed a syn the t i c  "d iabe-  
togenic"  d ie t  for 3 - - 8  weeks. A t  the  end of this  t ime  
the  effect of va ry ing  concent ra t ions  of po rk  insul in on 
glucose me tabo l i sm of ep id idyma l  fa t  t issue was s tud-  
ied. The ox ida t ion  of glucose-l-14C to ~4C02 was mea- 
sured over  a 2-hour  per iod  of incubat ion .  Control  
s tudies  were done on the  ep id idyma l  adipose t issue 
f rom Spragne-Dawley  (Sp-D) s t ra in  l a b o r a t o r y  ra ts .  

The resul ts  are summar ized  in  Fig.  6. Adipose  
t issue f rom fas ted  Sp-D ra t s  had  a s l ight ly  higher  
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Fig. 6. ~4C02 production by  epididymal adipose tissue of Spragiie-Dawley 
ra ts  (Sp-D) or of sand rats  (on either synthetic diet or vegetable diet) 

res t ing level  of glucose ox ida t ion  t h a n  t issues f rom 
fas ted  sand ra ts .  I n  response to  increasing concentra-  
t ions of po rk  insul in the  Sp-D adipose  t issue showed a 
m a r k e d  increase in  glucose oxida t ion .  I n  con t ras t  the  
sand r a t  adipose t issue increased  i ts  laC02 p roduc t ion  
b y  a s l ight  a m o u n t  a t  only  the  h ighes t  concent ra t ions  
of insulin. The  effect was s imi lar ly  smal l  in all  sand ra ts ,  

whether  t h e y  were on a "d iabe togen ic"  d ie t  or were fed 
vegetables .  

Despi te  the  unresponsiveness  of sand r a t  adipose 
t issue to  insul in i t  was found  t h a t  admin i s t r a t i on  in  
vivo of insul in resu l ted  in hypog lycemia  (Fig. 7). I t  is 
thus  possible t h a t  insul in has  an  effect on the  glucose 
u t i l i za t ion  of some sand  r a t  t i ssues-even if no t  on 
adipose tissue. I t  would  be pe r t i nen t  to  ca r ry  out  
s tudies  in vitro of the  responsiveness  of s t r i a t ed  muscle 
to  insulin. 
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