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creased sodium content after sodium loading 
confirms the impression gained from these 
previous studies; namely, that the sodium 
content of extracellular fluid and soft tissue 
cells is closely guarded in the normal animal 
and can only be altered by extreme situations. 
The changes in the sodium content of bone 
mineral,, on the other hand, confirm the con- 
cept that this phase of the skeleton acts as a 
reservoir of sodium which is able, under ap- 
propriate circumstances not only to release 
sodium into the extracellular fluid, but also 
to store this ion. 

1 )  The composition of plasma, 
muscle! liver and bone was examined in adult 
male rats. Three rats served as controls, and 
5 rats were given a daily load of sodium chlor- 
ide approximating 50% of the total body so- 
dium for 24 days. 2 )  The sodium content of 
plasma, muscle and liver was unchanged in 
the experimental animals a t  the end of this 
time. However, bone mineral sodium in- 
creased significantly, and bone water declined. 

Summary. 

The authors are indebted to Miss Anne Brooks 
for technical assistance. 
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Effect of Fasting or Underfeeding on Glucose Tolerance of Rats." (23625) 

N. S. HALMI, A. C. HASS,~ R. R. WIDNER~ AND B. N. SPIRTOS 
Department of Anatomy, State University of Iowa, Iowa City  

Humans(1) and rabbits(2) fasted for sev- 
eral days show glucose tolerance curves of the 
diabetic type, i e . ,  increased elevation and de- 
layed decline of blood sugar levels after glu- 
cose administration. The degree of diminu- 
tion in glucose tolerance is proportionate to 
the duration of the fast. Hill et aL(3)  found 
that in rats fasted for 96 hours (sex, weight 
and previous diet not specified) which re- 
ceived 400 mg glucose/100 g body wt by 
stomach tube, blood sugar progressively rose 
and reached 280 mg% 5 hours after the ga- 
vage, whereas it did not exceed 130 mg% if 
the rats were fed a diet rich in glucose during 

*Aided by a USPHS grant. 
t Medical student summer fellow. 

the 96 hours preceding the tolerance test. We 
have investigated more extensively the glucose 
tolerance of rats fasted for 1 to 8 days and 
rats subjected to chronic undernutrition, 
which causes a variety of changes in carbohy- 
drate metabolism (4,5,6). 

Method. Male Sprague-Dawley rats fed 
Rockland diet were used. Glucose was given 
by gavage (300 mg/100 g body wt., 30% 
solution, or 400 mg/100 g, 40% solution) or 
into the saphenous vein exposed without anes- 
thesia (100 mg/100 g, 40% solution). Oral 
glucose tolerance tests were performed in rats 
fasted for 1, 4, 6 or 8 days and intravenous 
tolerance tests also in rats which were not 
fasted. Before fasting these animals were fed 
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TABLE I. Duration of Fast and Oral Glucose Tolerance of Previously Ad Zibitum-Fed Rats. 

Initial Blood sugar change, mg %* 
blood Dose 

Days No. Bodywt, sugar, Hours after glucose-, glucose, 
fasted rats g mg % w 1 2 3 4 mg/100g 

1 8 2 1 7 2 6 t  7 3 2 3  + 3 9 2 7  + 3 9 + 7  + 3 5 * 4  + 2 7 * 5  300 
4 8 1 8 5 2 3  7 i k 2  + 4 1 + 3  +S1+5 + 3 8 * 4  + 3 0 2 5  
6 8 1 6 6 2 4  7 6 + 2  + 2 8 + 4  + 3 2 * 5  + 2 3 + 3  + 2 2 & 2  
8 4 1 4 7 k 2  6 2 + 3  + 4 4 + 4  + i O * 4  + S 9 + 9  + 4 8 & 9  
4 8 2 5 3 2 5  7 0 + 1  + 3 3 + 5  + 3 1 & 4  + 4 7 2 4  + 5 2 2 5  400 
4 8 2 6 5 2 5  8 3 2 2  + 2 * 5  + 2 3 + 6  + 3 8 & 6  + 4 2 * 7  ” 

19 

I J  

9 )  

* Compared with initial value. t hieall 2 stand. error. 

ad libitum. Further rats (230-250 g) were 
placed for 6-7 weeks on a regimen of 10 g 
ground Rockland diet daily and water ad 
libitum. Controls fed the same diet without 
restriction consumed an average of 20 g daily. 
They were either of the same age as the ex- 
perimental rats (age controls) or selected to 
match their final weight (size controls). Ex- 
perimental and control animals were fasted 
for 24 or 96 hours before the administration 
of glucose by stomach tube (300 mg,/l00 g. 
30% solution) or intravenous injection (100 
mg/100 g, 40% solution). Blood was taken 
from the tail vein before and at  intervals ( c f .  
Tables) after the feeding or injection of glu- 
cose. Blood sugar levels were determined as 
in earlier studies ( 5) .  Liver glycogen levels 
were measured in groups of underfed rats and 
size controls which were tube-fed glucose (300 
mg/100 g) after a 22  hour fast and killed 2 
hours later, and in animals which had received 
no glucose during the terminal 24-hour fast. 
Under Yembutal anesthesia ( 5  mg/100 g )  
liver pieces weighing about 1 g were removed, 
frozen between blocks of dry ice and weighed 
in the frozen state. Dissolved alcoholic pre- 
cipitates of 30% KOH digests were then ana- 
lyzed with the method of Montgomery(7). 
In some underfed rats the penis was ligated 

and bladder urine accumulated in the course 
of the oral glucose tolerance test examined 
for sugar with Benedict’s reagent. 

Results. Table I shows that prolongation 
of acute fasting up to 6 days failed to result 
in the progressively diminishing oral glucose 
tolerance described in rabbits ( 2 ) .  Rats fasted 
for 8 days were moribund (9 out of 13 had 
died between the 6th and 8th day of starva- 
tion) and their decreased glucose tolerance 
could therefore have been due to nonspecific 
changes such as impaired circulation. Even 
rats given 400 instead of 300 mg/100 g of 
glucose after a 4 day fast did not show the ex- 
orbitant elevation of blood sugar described by 
Hill et d ( 3 )  in similarly treated animals. 
Reasons for this discrepancy are not obvious, 
perhaps owing to lack of particulars in Hill 
et  aZ.’s paper. In’ intravenous glucose toler- 
ance tests non-fasted animals showed a faster 
return of blood sugar levels towards norma1 
than fasted rats, but a significant change in 
slope of the blood sugar decline did not occur 
as fasting time was prolonged from 1 to 6 
days (Table 11). The 3 rats fasted for 8 days 
(survivors of 19 still alive a t  6 days) showed 
a markedly reduced rate of removal of excess 
glucose from blood, but because of the poor 
condition of these animals the significance of 

TABLE 11. Duration of Fast and Intravenous Glucose Tolerance of Previously Ad Zibitum-Fed 
Rats. 

Initial Blood sugar change, mg 70” 
Days blood sugar, ,---.Min. after glucose-, 
fasted No. rats Body wt, g mg % 10 30 60 

0 6 257 2 2t 101 4 3 + 9 0 & 6  + 3 6 & 9  + 1 5 &  3 
1 6 234 2 3 72 -c 1 + 1 2 1 2 4  + 8 1 & 5  + 3 8 &  4 
4 8 190 3- 2 82 2 1 + 9 2 + 2  + 7 3 2 4  +36* 4 
6 8 126 & 2 79 * 3 + g o 2 3  + 6 8 & 6  +31* 8 
8 3 151 & 1 52 8 + 9 5 & 8  +lo8  3 - 7  +89& 12 

* Compared with initial value. t Mean & stand. error. 
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TABLE 111. Oral Glucose Tolerance of Underfed and Control Rats. 
~ ~ ~ ~~~~~~ 

Initial 
blood 

Blood sugar change, mg 70" 
Days Body wt, sugar, (-Hours after glucose-, 

Regimen fasted No.rats g mg % '/z 1 2 3 

Underfed 1 15 2 0 8 2 5 t  8 2 2 1  + 3 7 & 3  + 4 0 2 3  + 1 5 & 3  + 2 f 5  
Adlib fed# 1 8 2 1 0 2 1  6 9 2 3  + 5 8 & 4  + 4 8 ? 4  + 4 7 2 2  + 2 7 + 5  
Idem $ 1 6 3 5 0 2 4  6 7 2 3  + 2 4 t 3  + 3 0 + 3  + 3 0 & 5  + 2 3 f 4  
Underfed 4 7 1821+2 7 8 2 6  + 3 7 & 8  + 2 9 + 4  + 3 2 & 3  + 3 2 + 3  
Adlib fed# 4 8 1 8 5 + 3  7 7 k 2  + 4 1 ? 3  + 5 1 2 5  + 3 8 & 4  + 3 0 * 5  

* Compared with initial value. t Mean & stand. error. # Size controls. $ Age 
controls. 

this change is in doubt. 
In the oral glucose tolerance test the blood 

sugar levels of underfed rats fasted for 1 day 
declined faster than those of controls. Age 
controls showed a lower blood sugar zenith 
than size controls, which agrees with earlier 
findings on the effect of body weight on glu- 
cose tolerance (8). Underfed rats fasted for 
4 days showed only a somewhat flatter glu- 
cose tolerance curve than controls (Table 
111). In the intravenous glucose tolerance 
test (Table IV) underfed rats fasted for 1 
day again exhibited the fastest return to pre- 
injection blood sugar levels, but the age con- 
trols did not lag far behind, whereas in size 
controls the blood sugar fall was definitely 
more sluggish. 

Previous studies ( 5) had shown that intes- 
tinal absorption of glucose is not impaired in 
underfed-fasted rats. Since we had also 
found ( 5 )  that liver glycogen levels of under- 

nourished rats change only slightly when a 
test meal is fed after a l-day fast, the possi- 
bility was considered that the fleeting blood 
sugar rise in underfed rats given glucose 
orally may be due to failure of hepatic glyco- 
gen formation. However, 2 hours after tube- 
feeding of glucose underfed rats had liver gly- 
cogen levels commensurate with those of 
similarly fed size controls (Table V) . As in 
previous studies ( 5 )  , the fasting liver glycogen 
concentrations were significantly (p< .01) 
higher in underfed rats than in controls. Gly- 
cosuria was not found in any of the underfed- 
fasted rats tested. 

The tendency of underfed rats fasted for 1 
day towards increased glucose tolerance 
(especially in the oral test) may be related to 
their enhanced insulin sensitivity (5).  The 
faster fall of blood sugar levels in these ani- 
mals is conceivably due to the exaggerated 
response to insulin secreted under the stimu- 

TABLE IV. Intravenous Glucose Tolerance of Underfed and Control Rats. 

Initial Blood sugar change, mg TO* 

Regimen fasted No. rats Body wt, g mg % 10 30 . 60 
Days blood sugar, <-Min. after glucose-, 

Underfed 1 8 2 0 3 2 2 t  9 0 2 4  + 8 8 2 4  + 4 4 + 5  - 2 2 2  
Adlib fed# 1 8 199 2 1 70 t 2 + l o o t 3  + 7 9 + 5  + 3 3 & 6  

+ 1 0 7 & 3  + 4 8 2 4  + 1 3 * 2  Idern 0 1 7 332 2 5 84 t 2 

* Compared with initial value. t Mean + stand. error. # Size controls. 0 Age 
controls. 

TABLE V. Effect of Fed Glucose on Liver Glycogen of Underfed-fasted and Ad libitum 
Fed-f asted Rats. 

r--No glucose-, (-2 hr after glucosc-, 
Liver glyco- Liver glyco- 

No. rats Body wt, g gen, mg 70 No. rats Body wt, g gen, mg % 
Underf ed-f asted 11 191 f 2 *  479 f 70 12 1 9 4 2 3  1 2 7 6 k 1 4 2  
Ad lib fed-fasted 11 1 9 9 2  1 145 2 7 11 200 f 1 1190 * 53 

Mean e stand. error. 
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lus of hyperglycemia. 
ConcZzisions. Rats fasted for 1-6 days failed 

to show a progressive decrease of oral glucose 
tolerance. Return of blood sugar levels to 
normal after intravenous glucose was some- 
what delayed after 1-6 days of fasting as com- 
pared with the fed state, but not proportion- 
ately with the duration of fast. Prolonged 
acute fasting therefore did not lead to typical 
“starvation diabetes” in rats. Chronically 
underfed rats fasted for 1 day and given glu- 
cose orally or intravenously exhibited a more 
fleeting elevation of blood sugar than ad 
libitum ied-fasted controls. This was not 
associated with any marked deficiency in he- 
patic glycogen formation from fed glucose. 

nor with glycosuria. 
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Blood Chemistry and Parietal Eye of Anolis carolinensis.* (23626) 

KESSETH E. HCTTTON AND ROBERT ORTMAS + (Tntroduced by H. S. Mayerson) 
DPpart i i i p n t  o f  Zoolo.qy, Tirlaae I’niversity,  New Orleans 

-\lthough the parietal eye of reptiles has 
received considerable histological study (Til- 
ney and 11-arren (8)  : Yon Haffner (9) ) its pos- 
sible function remains unclear. Tn the pres- 
ent study. quantitative determinations of vari- 
ous organic components of the blood of AnoZis 
caroZinensis were made to ascertain if removal 
of the parietal eye affected these components. 
Previous studies concerning possible functions 
of this structure have indicated that surgical 
removal of the parietal eye of adult Anolis 
carolinensis caused testicular stimulation 
(Clausen and Pork( 3 )  ) and modification of 
the rate of oxygen consumption (Clausen and 
Mofshin ( 2 ) ) . 

Materials am? methods. The lizards (‘4 no- 
Zis cnrolirwizsis) were collected in Sew Or- 
leans several days prior to use. Four experi- 
ments, each involving 3 groups, were per- 
formed between February and April. Two 
of these experiments were of 26 hours dura- 
tion and 2 were of 18 days duration. The 

* This study was supported by grant from Louisi- 
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parietal eye was removed by thermal cauter- 
ization of an etherized lizard. A drop of col- 
lodion was used to seal the wound in operated 
and sham-operated lizards. The sham-opera- 
tion was performed by cauterization of a 
small midline area on the surface of the head 
a t  the level of the anterior border of the lat- 
eral eyes. Only lizards in 18-day experi- 
ments were supplied with meal worms (larvae 
of Tenebrio molitor) daily except on the last 
day. Droplets of water were sprinkled on the 
cage and on dead vegetation within the cage. 
At the end of each experiment, the blood of 
each group was analyzed. Blood was ob- 
tained by decapitation; potassium oxalate was 
used as the anticoagulant. Determination of 
uric acid was according to the method of 
E’olin ( 7 ) .  Other determinations followed the 
technics put forth in the Manual of Standard- 
ized Procedures for Spectrophotometric Chem- 
istry, edited by Fister ( 6 ) .  Accordingly, the 
lipoid-phosphorus method was basically that 
of Fiske and Subbarow, the urea method that 
of Gentzkow and Masen. The determinations 
of glucose, total nitrogen and non-protein 
nitroeen were based m o n  the methods and 


