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Glucose Tolerance in Decerebrated Rats After Relatively Long Survival. 

EVELYN ANDERSON AND WEBB HAYMAKER.* 
From the Xational Institutes of Health, Retlirsdn, Maryland, and the Army Institute of 

Pathology, Tashin.atow, D.C. 

It has been amply demonstrated in acute 
experiments on rabbits and cats that piqQre 
or decerebration at  the pontile level gives rise 
within less than an hour to hyperglycemia and 
glycosuria, and that the increase in sugar is 
usually maintained for 3 or 4 hours, but may 
last as long as 9 hours. Claude Bernard’.‘ 
observed that piqiire was most effective when 
done bilaterally at  levels between tthe emerg- 
ence of the vagus and acoustic nerves. Don- 
hoffer and Macleod3 demonstrated that hyper- 
glycemia occurred consistently only when de- 
cerebration was done at  the pontile level, and 
they were of the opinion that the diabetogenic 
center probably was situated in the tegmen- 
tum pontis. Brooks4 presented evidence that 
the center is situated in the floor of the IVth 
ventricle just caudal to the middle of the 
brachium pontis and very close to the vaso- 
motor center. 

-According to Dorkhoffer and J I a ~ l e o d , ~  mid- 
brain decerebrabion leads to little or no hyper- 
glycetnia, an observation in accord with those 
of Olmsted and Logan,s Bazett, Tychowski 
and Crowel1,B Peterson,’ and Noltie.8 On the 
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other hand, a high and well sustained hyper- 
glycemic response to midlbrain decerebration 
has been noted by Anderson et a1.9 and Evans, 
Tsai and Young.l0 

The medulla oblongata also has been sub- 
jected to piqGre or other lesion in an effort 
to locate a diabetogenic center. Brugsch, 
Dresel and Lewefl came to the conclusion 
that the dorsal nucleus of the vagus was the 
center in point. On the other hand, 
and Hiller and Tannenbaum13 found relatively 
little increase in blood sugar following damage 
to this nucleus, and they contended th0t no 
blood-sugar-raising (or diabetogenic) center, 
as such, exists in the central nervous system, 
but their view depends cm what definition the 
term “center” is given. According to Don- 
hoffer and hlacleod8 and Macleod,14 only a 
slight or modkrate degree of hyperglycemia 
ensues after injury to the medulla oblongata. 

The rat has been little used in experiments 
on decerebration-induced or piqfire-induced 
hyperglycemh. Bell, Home and Mageels 
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T-4BLE I. 
Blood Sugar Values Within Four Hours After Pontile Decerebration.* 

Blood sugar (mg %) 
F I 

Preoperative Postoperative 
I > < > 

Rat No. (under anesthesia) Immediate l h r  4hr 

651 - - 209 140 
650 74 51 208 219 
654 84 68 64 123 
655 80 155 118 196 
656 87 142 218 99 

Decerebrated rats 

Control: partially 
decortieated rats 

507 
300 
301 
302 

- 
59 
77 
70 

- 86 84 
86 86 P 8 
156 96 58 
155 87 72 

The extent of the lesions was verified on gross examination post mortcm. 

found that porrtile decerebration caused no 
increase in blood sugar in fasted rats or in 
those on a well balanced diet, but did occur 
over ti 2-hour period if they had been fed 
a diet rich in carbohydrates. They were 
unable to elicit hyperglycemia by midbrain 
decerebration. 

All the decerebration experiments referred 
to were acute ones, the animals generally sur- 
viving not more than a day or two. I t  is the 
purpose of this communication to describe the 
effects of decerebration on the glucose toler- 
ance of rats whiah survived the operation for 
from 4 to 20 days. 

Methods. Young adult female rats of the 
Sprague-Dawley strain were used in this 
study. All had had access to  food up to 
the time of operation. Sodium pentobarbital, 
2.5 mg per 100 g body weight intraperiton- 
eally, was the general anesthetic employed. 
Novocaine (2.0% solution) was used to in- 
filtrate the scalp immediately before opening 
the skull. Just preceding the operation, 0.05 
cc of calcium gluconate per 100 g M y  weight 
was given intravenously to facilitate clotting. 
Decerebration was done at porrtile a d  mid- 
brain levels. Using the dorsal approach, 
wedges of brain tissue were removed by suc- 
tion, and an incision then made downward 
to the base of the skull. 

There were two objectives in this study: a )  
to determine the blood' sugar level within a 
short time after diecerebration, and b) to 

study glucose tolerance after the lapse of 
several days. 

a. In one series of rats, blood sugar levels 
were determined at the following intervals: 
1) preoperatively, just after the animals had 
been anesthetized, 2) immediately following 
operation, 3) one hour after operation, and 
4) 4 hours after operation. 

In  the other series the a n i d s  were 
given 10 cc of 10% glucose in saline parenter- 
ally 6 hours after decerebration. Twenty-four 
hours postoperatively they were placed on a 
regimen consisting of 10 cc liquid diet by 
stomach tube twice daily and 10 cc of 10% 
glucose in saline and 2500 units penicillin 
parenterally once a day. From the start they 
were kept in an incubator at a temperature 
of 27"C, and under these conditions their rec- 
tal temperature was usually 33 to 34°C. Serv- 
ing as controls were 3 rats, one of which was 
partially decorticated, one hemidecerebrated, 
and one normal. These were kept on the 
same regimen a6 the experimental animals. 

The glucose tolerance test was done on 
the animals a t  various times from the 3d to 
the 23d day after operation. For 17 hours 
before the test the animals were fasted; they 
also received no water until one hour before 
the test, when they were given 10 cc of physi- 
ologic solution of sodium chloride by the sub- 
cutaneous route. Just before the test was 
begun, the animals were lightly anesthetized 
by sodium pentobarbital 2.5 mg per 100 g 

b. 
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body weight. They were then placed in an 
animal holder with the tail resting on a 
warm plate. Blood was collected from the 
tip of the tail. After the fasting blood sample 
was taken, 5 cc of 20% glucose solution 
per 100 g M y  weight were given by stomach 
tube. Blood samples were taken every 15 
minutes for 2 hours. During the glucose 
tolerance test the animals were quiet, and 
the rectal temperatures of the decerebrated 
animals were between 33” and 35°C. Over 
the Deriod of several weeks during which these 
tests were carried out, glucose tolerance was 
done also on 43 normal female rats of the 
same age. For blood sugar determinations 
the micro-method of Haslewood andl Strook- 
mad6  was used. 

At autopsy the brains were fixed in 10% 
formalin. Blocks were frozen and serially 
sectioned at 45 microns by the method de- 
scribed by Marshall,” and an average of SO 
sections per case were stained, one-half by 
cresyl violet and the other half by a modified 
Weil myelin sheath method. 

Resutts. a. Blood sugar values within 4 
hours after pontile decerebration are indicated 
in Table I. In neither the decerebrated nor 
the partially d m r t i c a t d  animals was there 
an elevation of blood sugar following anesthe- 
tization. Immediately after operation, which 
required1 about 30 minutes, the blood sugar 
was somewhat elevated in about half the 
experimental and control groups. Subsequent- 
ly there was hyperglycemia in the experimen- 
tal animals, but not in the controls. 

b. Glucose tolerance in rats of longer sur- 
vival is shown in Table 11. The studies were 
made on these animals from the 3d to the 
7th day after operation. The decerebrated 
rats showed a fasting blood sugar which tended 
to be normal, but had a decreased tolerance 
for fed glucose, the blood sugar rising to levels 
between 450 to 500 mg % a t  the end of the 
second hour, except in one animal (rat 336) 
in which it was 326 mg %. The fifth rat in 
this series was subjected to decerebration at  

16 Haslewood, G .  A. D., and Strookinan, T. A., 

17 Marshall, W. II., I)’tnia Teclinol., 1940, 15, 
B i O C k f 2 I L .  .T., 1939, 33, 9%. 

133. 

the midbrain level; it also showed a dimin- 
ished tolerance for fed glucose, but the high- 
est peak in the blood sugar curve appeared 
after one hour, and by the second hour the 
blood sugar level approached normal. The 
partially decorticated and hemidecerehrated 
control rats showed glucose tolerance curves 
which were in the normal range when compari- 
wn is made (1) with the values in an un- 
operated animal (rat 318) subjected to the 
same regimen as the experimental animals, 
and (2 )  with the average values of 43 normal 
rats which had been fed ad libitum. 

In  order to rule out extraneous factors af- 
fecting blood sugar, such as the handling of 
the decerebrated animal during the glucose 
tolerance test, a skim test was carried out; 
it dsiffered from the regular test only in that 
water rather than glucose solution was given 
by stomach tube. That the factor of hand- 
ling was of no import is indicated by the ob- 
servation that blood sugar values prior to the 
giving of the water and every 15 minutes 
thereafter for 2 hours were found to range 
between 94 and 119 m g p .  

Discussion. The experiments herein de- 
scribed differ from those previously reported 
in that the blood1 sugar studies were done on 
the 3d to the 7th day after decerebration. The 
tests were performed while the animals were 
in a “healthy state,” as indicated by the 
length of the subsequent survival periods, 
which in one case was as long as 20 days. I t  
will be necessary to repeat the work on de- 
cerebrate animals of longer survival before 
the duration of the dishrbance in carbohy- 
drate metabolism can be determined. 

.4nother aspect of the work was the de- 
termination of blood sugar values during the 
few hours after decerebration. Hypergly- 
cemia of moderate degree over about 4 hours 
occurred consistently in animals which had 
had access to food up to the time of operation. 
This observation differs from that of Bell, 
Horne and Magee, previously referred to: who 
found tbat hyperglycemia occurred only in 
animals fed a rich carbohydrate diet: ours 
.had been on a standard stock diet. Thus, i t  
would appear that the rat is no different from 
the rabbit and cat so far as the indbction of 
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hyperglycemia by decerebration is concerned. 
This study confirms the well authenticated 

observation that disordered carbohydrate 
meta;bolism is most striking when decerebra- 
tion is done at  the pontile level. Unilateral 
piqQre of the floor of the IVth ventricle has 
been reported by several workers, including 
Claude Bernard. to give rise to transient 
hyperglycemia, but in one of our control 
animals (rat 304).  in which the pons and 
midbrain were destroyed unilaterally up to 
the midline, the glucose tolerance was normal. 

Under autopsy data in Table 11, only the 
lower levels of the lesions are indicated, for 
these are regarded as the significant ones. At 
operation, considerable brain tissue was re- 
moved in order to be sure that decerebration 
was complete. In each of the animals de- 
cerebrated a t  the pontile level. autopsy stud- 
ies disclosed either softening or absence of 
the midbrain, the epithalamus. the superior 
cerebrum, the hippocampus, and part or all 
of the thalamus, bilaterally. Free from le- 
sions were the pituitary gland, hypothalamus, 

subthalamus, and lenticular nuclei, though in 
one instance (rat 343) the superior part of 
the hypothalamus at  the infundibular level 
was softened. In the animal listed as having 
been subjected (to midbrain decerebration (rat 
3 0 9 ) ,  the original in'tent was to do a decorti- 
cation and have the animal serve as a control, 
but microscopic exmination of serial sections 
of the brain disclosed destruction of the pos- 
terior thalamus, the most superior part of the 
hypothalamus, the pretectal region, the in- 
ferior colliculi, and the medial geniculate 
bodies, with softening of the lateral two-thirds 
of the rostra1 midbrain bilaterally. 

Summar?*. Rats decerebratd a t  the pontile 
level exhilbicted a markedly elevated glucose 
tolerance curve 3 to 7 days after operation. 
One subjected to midibrain decerebration 
sh9wed a shallower and less sustained curve. 
Hyperglycaia occurred in rats during the 
first few hours after pontile decerebration, 
which is in confirmation of previwsly pub- 
lished results on rabbits and cats. 
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Effect of an Analogue of DDT on Experimental Murine Typhus. 

FLOREXCE 6. FITZPATRICK. (Introduced by L. Earle .\mow.) 
FTOm the Virus Department of thr  Y c d i c a l  Research Dicision, Sharp and Dohme, Inc., 

C;lcnolden, Pa. 

In a search for rickettsiostatic agent5 that 
might be more effective than para aminoben- 
zoic acid (PABA).  a large group of miscel- 
laneous substances has been tested in mice 
infected with murine ltyphus. The results 
obtained with one of these, 1 ,l,l-trichloro-2, 
2-bis(para-nitrophenyl) ethane, a nitro ana- 
logue of DDT, seem to warrant a brief report 
a t  this time.* This compound, which will 
hereafter be referred to as the nitro analogue, 

* This substance was iiamod Sitrogcwrol by the 
Germans, a term which i\-ould t.rronc~usly lead to 
the belief that it was obtaiucd as tlic result of 
the nitration of DDT. 

. __- ~ ___ 

was being tested in mice by Kikuth in Ger- 
many at the time of the surrender. Nothing is 
known of his experiments except his notation 
that the compound was more effective against 
murine typhus than was methylene blue, and 
that it was of low t0xicity.l 

We have been successful in treating mice 
infected with murine typhus with materia1 
prepared in this lab0ratory.t Mice of the 

ll'ublication Board Reports, Dept. of Corn- 
inewe, Report h-0. 248, p. 63. 

t We are ind(Abted to Dr. E. J. Cragoe, Jr., of  
the Organic Clhemistry I)epaitrnent for  the prep- 
aration of t l ik compound. 
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