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Diabetic Syndrome in Sand Rats* 

III. Observations on Adipose Tissue and Liver in the Non-Diabetic Stage** 
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Summary. Normoglyeemie sand ra ts  of approximate ly  
100, 140, and 220 grams body weight were found to have 
increased circulating insulin levels compared with albino 
rats  of matched  ages. Adipose tissue in vitro demonst ra ted  
decreased insulin sensit ivity,  which became further 
diminished with increasing age in both  type  of rats,  but  
this effect was much more marked in the sand rats.  Liver 
enzyme determinat ions and metabolic studies on liver 
slices showed identical results in both  rats ,  except for 
decreased glucose incorporat ion into glycogen in the sand 
ra t .  

Syndrome diabdtique chez le rat du sable (Psammomys 
obesus): I I I .  Etude du tissu adipeux et du foie au stade 
non-diabgtique. 

Rdsumd. Chez des rats  des sables pesant  environ 100, 
140, et 220 gr, avec une glyc6mie normale, nous avons 
observ6 des t aux  6levds d' insuline eirculante par  rappor t  
aux  taux  que l 'on observe chez des ra ts  albinos du m6me 
gge. Chez ees animaux,  le tissu adipeux ineubd in vitro 
n'est  que peu sensible k l ' insuline, par  comparaison avee 
la sensibilit6 du tissu adipeux du ra t  albinos. La  sensi- 
bilit6 ~ l ' insuline diminue duns lea deux esp~ees avec 
l'Age, mais eet effet est beaucoup plus marqu6 chez le ra t  
des sables. Les dosages d 'enzymes h@atiques  et les dtudes 
mdtaboliques sur tranches de foie ont  donn6 des rdsultats  

semblables pour les deux esp~ces ~ l 'exception d 'une 
incorporation diminude de glucose en glyeoggne h@at ique  
pour le ra t  des sables. 

Das diabetische Syndrom bei der Sandratte (Psammomys 
obesus): 1I I .  Beobachtungen am ~ettgewebe und an der 
Leber bei nicht-diabetischen Tieren. 

Zusammenfassung. Sandrat ten  mit  normalem Blut-  
zucker and  einem K6rpergewieht  yon ungef/~hr 100, 140 
und 220 Gramm wurden mi t  Albinorat ten  desselben 
Alters verglichen. Dabei  wurde beobachtet ,  dab die Sand- 
ra t ten  auch unter  diesen Bedingungen erh6hte Serum- 
insulinspiegel aufwiesen. Ihr  Fet tgewebe zeigte in vitro 
eine verminderte  Imsulinempfindliehkeit, die mi t  zuneh- 
mendem Alter  weiter fiel. Diese al tersbedingte Abnahme 
war b e i  Sandra t ten  ausgepr/~gter als bei Albinorat ten.  
Untersuehungen yon Leberstoffweehsel an Lebersehni t ten 
oder an Leberenzymmessungen deuteten nicht  auf ein 
unterschiedliches Verhalten der Leber der Sandrat te ,  
mi t  der einzigen Ausnahme tines verminderten Glucose- 
Einbaues in Glykogen. 

Key.words: Spontaneous Diabetes,  Sand rat ,  Psammo- 
rays obesus, Prediabetes,  Preelinical diabetes,  Insulin in 
serum, Adipose tissue in vitro,  Insulin resistance, Liver 
enzymes, Liver metabolism in vitro,  Obesity. 

I n  previous  pub l ica t ions  f rom this  l a b o r a t o r y  (MIKI 
et  al., 1966, 1967) a n d  f rom Duke  U n i v e r s i t y  (HAc~;~L 
et  al., 1965; HAIneS et  al., 1965), the  appea rance  of 
" spon t aneous"  d iabe tes  in the  sand  r a t  was a t t r i b u t e d  
to  feeding a d ie t  h igh in calories. The d iabe t ic  s ta te  was 
associa ted  wi th  a m a r k e d  e leva t ion  in  immunoreac t i ve  
insulin in serum a n d  a low concen t ra t ion  of insul in 
s to red  in  the  pancreas  (MIKI et  al., 1966; LIKE and  
M~KI, 1967); a l though  the  la t te r ,  b y  e lec t ron micro- 
scopy,  p re sen ted  a p ic ture  compa t ib le  wi th  excessive 
p ro t e in  synthes is  (LIKE and  MIni ,  1967). Assembl ing  
these  facts  in to  a possible  sequence,  i t  appea r s  reason- 
able  t h a t  the  excess calories induce  excessive insul in 
o u t p u t  b y  the  panc rea t i c  Be ta  cell. I f  the  Be ta  cell can 
m a i n t a i n  increased  produc t ion ,  mi ld  or no d iabe tes  
occurs;  if the  Be t a  cell falls behind,  severe d iabe tes  
ensues. Ano the r  fac tor  con t r ibu t ing  to  an  increased 
d e m a n d  for c i rcula t ing  insul in  would  be t he  presence 
of t issues less sensi t ive to  insulin,  a n d  the, p rev ious  
p a p e r  d e m o n s t r a t e d  th is  f ac t  (M~KI et  al., 1967). Since, 
in addi t ion ,  age is also assoc ia ted  wi th  decreased in- 
sul in sens i t iv i ty ,  th is  p a p e r  deals  wi th  adipose  t issue 
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responses to  insul in  in  sand  ra t s  and  in a lb ino r a t s  
ob t a ined  f rom a commercia l  source, of different  ages, 
as well as wi th  cer ta in  l iver  enzymes  and  glucose me ta -  
bol ism of l iver  slices ob ta ined  f rom these  animals .  

Animals  and Methods 

Male a lb ino ra t s  were ob ta ined  f rom the  Charles 
R ive r  Breeding  F a r m s  (CD stra in ,  Wi lming ton ,  Mas- 
sachuset ts) .  Sand  ra t s  were e i ther  b r ed  in our  l a b o r a t o r y  
or ob ta ined  as descr ibed  p rev ious ly  (MrKI c t a l . ,  1967). 
Al l  an imals  were fed Pur ina  Lab  Chow ad libitum. The 
sand  r a t s  were also given fresh vege tab les  da i ly .  The  
male  sand  ra t s  were specif ical ly se lected in  t h a t  t h e y  
h a d  no t  deve loped  diabetes ,  as j udged  b y  b lood glucose 
measu red  once or twice mon th ly .  I m m u n o r e a c t i v e  
serum insul in  levels,  b lood  glucose de te rmina t ions ,  
and  techniques  for metabo l ic  s tudies  of i so la ted  adipose  
t issue in vitro were pe r fo rmed  as descr ibed (MIKI et  al., 
1967). 

F o r  the  l iver  slice exper iments ,  1 g r am of slices 
were cut  wi th  a Stadie- l~iggs mic ro tome  a n d  were 
i ncuba t ed  in  a K re bs -R inge r  b i ca rbona te  buffer con- 
ra in ing  K +, 110 m E q / L  and  Na+, 25 m E q / L ,  a n d  ran-  
domly- labe l l ed  gincose-14C, 10 mM (86 000 DpM/#M).  
The slices were shaken  for 90 minu tes  a t  75 osci l la t ion/  
m inu t e  in a metabo l ic  i ncuba to r  a t  38 ~ C, a n d  t issue 
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glycogen, f a t ty  acids, as well as medium CO S analyzed 
for radioact iv i ty  by  methods previously described 
(SNYD~t~ and  CAItIr~L, 1965). Hepat ic  ghlcose phos- 
photransferase activities were also determined (LAuRIS 
and  CAH1LL, 1966). 

Table 3 lists similar da ta  obta ined  in  epididymal  
adipose tissue from sand rats. The youngest  animals  
already demons t ra ted  a decreased response to insulin,  
and  i t  is of interest  to point  out  t ha t  with insul in  con- 
centrat ions as high as 50 000 #U/ml,  a progressive b u t  

Table 1 

Albino rat Sand rat 

n =  3 3 3 
Age, days 30 50 75 
Weight, g 100 200 300 
Blood glucose, mg/100 ml 154-4,4 110-4,20 1724- 5 
Immunoreactive insulin, 
/~U/ml 20 -4- 2 23 ~ 4 60 • 6 

3 3 3 
35 -- 52 71 -- 75 124 -- 160 
94 -4- 10 134 -4- 10 220 -4- 7 
84 -4- 10 63 -4- 18 84 -4- 12 

32 -4- 8 50 -4- 9 108 -4- 29 

Results 

I n  Table 1 are listed the mean  weights and  ages for 
the albino and  sand rats  with respective levels of blood 
glucose and  serum insulin.  The albino rats were selected 
for their  weights, and  their  ages were es t imated from 
s tandard  growth curves of this strain. Both  the albino 
and  sand rats  demons t ra ted  progressive hyperinsu-  
l inemia with age, bu t  i t  should be emphasized t ha t  the 
sand rats  compared with the albino rats  exhibi ted 
lower and  more stable blood glucose values. Thus, as 
they  age, there appears to be a relat ive hyperinsu-  
l inemia in  bo th  types of rats,  a l though the sand rats  
have signif icantly higher levels. 

Results  from the insul in  response in  vitro of epidi- 
dymM adipose tissue from the albino rats  are shown in  
Table 2. I t  can be seen t ha t  500 #U/ml  of insul in  st imu- 
lated marked  increases in  glucose oxidat ion to CO S and  
incorporat ion in to  glycogen or l ipid in  the youngest  

Table 2. Adipose tissue response to insulin in vitro, albino 
rats, varying ages (3 rats each group) 

Albino rat CO~ 1 Glycogen I Lipid ~ 

100 g 
Control 37 -4- 16 2 -4- 0.4 48 -4- 17 

500/*U/ml 309-4, 78 85 -4- 22 256-4, 76 
5000/*U/ml 433 -4- 8 122 -4- 18 325 -4- 8 

50000 #U/ml 352-4. 70 100 -4- 21 319-4, 122 

200 g 
Control 31 -4- 5 1 -4- 0.2 37 -4- 4 

500/*U/ml 203 -4- 34 43 -4- 5 125 -4- 26 
5000 #U/ml 210 -4- 26 46 4- 5 106 -4- 24 

50 000 #U/ml 206 -4- 20 45 -4- 4 107 -4- 19 

300 g 
Control 24-4-7 0.3-4,0.1 11-4,4 

500 #U/ml 38 ~= 10 4 -4- 2 20 =[= 8 
5000 #U/ml 48 -4- 19 6 -4- 3 26 -4- 11 

50 000 #U/ml 51-t-13 6 •  28-4-9 

i Values in CPM/mg wet weight adipose tissue, me- 
dium defined in text.  

animals.  I n  the older animals,  the baseline decreased, 
as well as the percentage of the insul in  s t imulat ion.  I n  
all animals,  a max imal  s t imula t ion  was achieved by  
500 #U/ml  of insulin.  

Table 3. Adipose tissue response to insulin in vitro, sand rats, 
varying ages (3 rats each group) 

Sand rats COs 1 Glycogen 1 Lipid ~ 

94 -4- 10 grams 
Control 39 -4- 4 2 -4- 0.3 26 -4- 3 

500/,U/ml 75-4-9 I1 -4-2 55-4-9 
5000 #U/ml 105 -4- 18 19 -4- 4 78 -4- 13 

50 000/*U/ml 140-4.16 29 •  110-4.14 
134 -4- 10 grams 

Control 21 4- 1 0.6 4- 0.03 13 • 1 
500 #U/ml 34 -4- 3 3 ~: 1 24 -t- 3 

5000 #U/ml 39 -4- 3 6 -4- 2 34 -4- 3 
50000/*U/ml 48 -4- 3 8 -4- 3 39 ~ 3 

220 -4- 7 grams 
Control 12 -4- 2 0.4 -4- 0.06 t 1 :L 1 

500 ixU/ml 16 -4- 2 0.6 -4- 0.06 13 -4- 1 
5000 #U/ml 19 -4- 2 1.7 -4- 0.2 18 -4- 1 

50 000/*U/ml 21-4.3 2.4-4-0.3 22-4-2 

i Values CPM/mg adipose tissue, wet weight, medium 
defined in text. 

Table 4. Liver glucose phosphotransferases of albino and 
sand rats (3 rats in each group) 

iiexokinase 1 Glucokinase 1 Glucose-6- 
Phosphatase 2 

Albino rats 
100 g 0.7 • 0.2 2.2 • 0.5 6.5 =j= 0.3 
200g 0 .3•  1.54-0.6 6.44-0.5 
300 g 0.6 • 0.2 1.7 -4- 0.3 5.7 -4- 0.5 

Sand rats 
94 4- 10 g 0.2 -4-- 0.03 1.7 -4- 0.2 7.0 -4- 0.5 

134-4- 10 g 0.5-4.0.1 1.6-4.0.7 6.5-4-0.8 
220 -4- 7 g 0.1 -4- 0.03 1.8 ~= 0.4 7.2 -4- 0.5 

1 Units/min/gram liver (L~_ut~IS and CAtIILL, 1966). 
/*moles P/minute/gram liver. 

b lun ted  response could still be elicited. Thus, no t  only 
was there a decreased sensi t ivi ty  to insulin,  bu t  the 
apparen t  K m  (treat ing the entire seqhence as a single 
enzymat ic  event)  was increased for glucose oxidat ion 
to CO 2 and  incorporat ion into glycogen and  lipid. 

I n  view of these findings in  adipose tissue, the meta- 
bolic state of liver was examined by  de te rmina t ion  of 
glucose phosphotransferase activit ies;  and  these are 
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listed in Table 4. No significant changes were found 
between albino and sand rats, suggesting that  the 
"insulin effect" as reflected by these liver enzymes was 
similar in both species. 

Table 5 summarizes the results of incubation in 
vitro of liver slices obtained from the animals in the 
youngest and oldest of both types of rats. In  both, 
glucose oxidation to CO s and its incorporation into 
fa t ty  acids and glycogen decreases with age. Of note is 
the significant difference between the Mbino and sand 
rats in the amount of glucose incorporated into gly-  
cogen, the latter showing 1/10 the rate of the former. 
In  addition, there was a more rapid rate of glycogeno- 
lysis in the sand rat liver slices and, as expected, an 
increased rate of glucose production. Also of interest is 
the equal incorporation of glucose carbon into fat ty 
acids, in marked contrast to the lesser activity of the 
adipose tissue. 

obtained from liver slices, as there appears to be no 
insulin deficiency as evidenced by normal enzymes and 
lipogenesis from glucose-14C. 0nly  the decrease of glu- 
cose incorporation into glycogen is not in agreement 
with the above hypothesis; however, the more rapid 
rate of glycogenolysis in the sand rat liver may account 
for the decreased recovery of label in glycogen. 
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Table 5. Metabolism of glucose-U-l~C by. liver slices from albino and sand rats incubated in vitro 

Albino rats Sand rats 
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Oxidation to ltCO~ 2.4 4- 0.1 
#M glucose/g/90 minutes 
1~C in fatty acids 0.80 • 0.21 
#M glucose/g/90 minutes 
1~C in glycogen 31 4- 22 
#M glucose/g/90 minutes 
Initial glycogen 355 4- 31 
#M glucose/g 
Decrease in glycogen 20 4- 33 
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Glucose production 40 4- 8 
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Discusssion 

These data demonstrate that  the sand rat, while 
normoglyeemic, possesses a relative increase in immune- 
reactive serum insulin when compared with the com- 
mercial laboratory albino rat of similar age." Since sand 
rat insulin is not  available, as a standard for the insulin 
assay, this higher serum insulin level might be due to 
an altered affinity of sand rat insulin to the pork in- 
sulin antibody. Refuting this possibility is the obser- 
vation that  this increased insulin level further pro- 
gressed with age in the sand rat. This strongly suggests 
a peripherM resistance to circulating insulin, and  is 
supported by the experiments in vitro with adipose 
tissue, demonstrating decreased basal activity as the 
animals became older, as well as a marked decrease 
in their response to exogenous insulin. Thus, there co- 
exists an absolute hyperinsulinism with an effective hylgo- 
insulinism. That  this relative "hypo"-insulinism is 
limited to peripheral tissues is supported by the data 
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