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adrenal cortex other steroids which may be 
more effectively anti-scorbutic than cortisone. 
More probably, some of the activities of 
vitamin C may be independent of the adrenal 
cortex. 

The similarities between scurvy and rheu- 
matic conditions are in many respects very 
striking. Consequently, the DC-4-treated 
scorbutic guinea pig or the chronically scor- 
butic animal would seem to be excellent test 
subjects for the screening of compounds with 
anti-rheumatic activity. The advantage of 
such a test animal is the more evident as i t  
now becomes apparent that adrenal glycogenic 
and anti-arthritic properties can be dissoci- 
ated. 

Summary. Cortisone inhibits many of the 
manifestations of scurvy in the guinea pig 
while desoxycorticos terone aggriavates the 
condimtion. These activities of the honmones 
probably depenld on their action on mesen- 
chymal tissues. The  scorbutic guinea pig, 
untreated or treated with DC-4, may be  a 
valuable test subject for the assay of anti- 
arthriltic compounds. 

The authors are indeibted to Dr. E. Henderson 
of the Schering Corporation for the Desoxycorti- 
costerone acetate used in this investigation. 

The technical assistance of Miss D. Tweed is 
gratefully acknowledged. 
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I n  a previous paper it was shown that mice 
become tolerant to the daily intraperitoneal 
injection of thiopental sodium, 45 mg per 
k;. This tolerance became maximal in 5 to 
6 days and was indicated by shortened sleep- 
ing times and the ability of the experimental 
animals to awaken a t  higher brain levels of 
the barbiturate than controls( 1).  Since it 
has been proposed that barbiturates induce 
sedation by interference with the carbohy- 
drate metabolism of the brain(2,3,4) it 
seemed important to study the inhibitory 
efieccts of barbituraltes on the in d r o  caribo- 
hydrate metabolism on the brains of control 
and tolerant mice. 

Experimental. Male mice, weighing 23 to 25 
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g were made tolerant by the daily intraperi- 
toneal injection of tbiopental sodium, 45 mg 
per kg, for from 7 to 10 days; controls, kept 
under identical conditions, were given daily 
injections of saline. Records of the sleeping 
times of the experimental animals were kept, 
land the animals were used when their sleep- 
ing times were between 50 and 60% olf their 
originad sleeping times. For each experiment 
the whole brains from 5 control and 5 tol- 
erant mice were rapidly removed and homog- 
enized in cold distilled water in a glass homog- 
enizer. No more than 15 minutes were al- 
lowed to elapse from the time thre animals 
were killed until ithe homogenates were placed 
in the reaction vessels. The method of Reiner 
(5)  was used in the study of glucose, pyru- 
vate, and lactate oxidation. Sinice i t  seemed 
possible that the addition of the cofacttors in 
these fortified homogenat!es might mask some 
difference in the metabolism of the control 
and tolerant mouse brains, isotonic hoimoge- 

5. Reiner, J. M., Arch. Biochem., 1947, v12, 327. 
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TABLE I. 
Effect of Thiopental on the Respiration of Brain Homogenates from Control and Tolerant Mice. 

Thiopental sodium conc. 
(me per CC) 0 83.3 166.6 333.3 666.6 

Glucose oxidation Control 
Tolerant 

Pyruvate oxidation Control 
Tolerant 

Lactate oxidation Control 
Tolerant 

Glucose anaerobic Control 
gly coly sis Tolerant 

Succinate oxidation Control 
Tolerant 

Cytochrome osidase Control 
Tolerant 

6.22" 
6.14 

7.80 
7.67 

6.88 
7.02 

5.55 t 
5.39 

3.85 
3.74 

3.35 
3.39 

6.15 
6.21 

7.68 
7.77 

6.80 
6.88 

5.60 
5.55 

3.78 
3.86 

3.43 
3.30 

4.63 
'4.69 

4.68 
4.53 

4.51 
4.38 

5.49 
5.62 

3.80 
3.69 

3.46 
3.33 

3.11 
3.06 

3.12 
3.16 

3.03 
2.97 

5.53 
5.60 

3.70 
3.89 

3.38 
3.30 

1.86 
1.73 

1.90 
1.79 

1.76 
1.88 

5.34 
5.42 

3.89 
3.66 

3.40 
3.36 

* Values are given as ml O2 per mg of wet wt of tissue per hr. 
t Values for anaerobic glycolysis are in ml 0 0 2  per mg of wet wt of tissue per hr. 
Temp. 36.3"C; gas phase, air;  0.1 cc of 30% KOH in center well; conc. of thiopental sodium 

as shown above. Contents of flasks; (a,) Glucose oxidation-glucose .028 M;  hexose diphos- 
phate Ba, .005 M; ATP, .0007 M ;  DPN, .001 M ;  nicotinamide, .04 M; cytochrome C, .00006 M ;  
K2HP04-KH2P04 buffer, p H  7.4, .04 M;  .5 cc 1 :4 mouse brain homogenate; final volume 3 cc. 
(b)  Pyruvatc and lactate oxidation-pyruvate -028 M, or  lactate .028 M in place of glucose, 
otherwise as in (a). (e) Anaerobic glycolysis of glucose-Temp. 36.3"C7 gas phase 95% N + 
5% (202; cone. of sol.: glucose, .028 M;  hexose diphosphate, Ba, .0025 M; ATP, .0007 M ;  
DPN, .0005 M ;  nicotinamide, .04 M ;  K2HP0,-KH2P04 buffer, p H  7.4;  .01 M;  NaHCO:<, .048 
M ;  5 ec 1:4 mouse brain homogenate. (d) Succinate oxidation-sodium succinate, .05 M ;  
cytochrome C, .00017 M; CaCl,, .0004 M; AlCl,, .0004 M; Na2HP0,-HC1 buffer, pH 7.4;  
.03 M; 1 cc. 1:4  mouse brain homogenate; final vol. 3 cc. (e) Cytochrome oxidase-sodium 
ascorbate, -0114 M, in place of succinate, otherwise the same as (d). 

nlaite preparations were also used to study 
glucose oxidation. Thlese were prepared by 
homogenizing the brain in Ringer's phos- 
phate /buffer solution and using 0.028 M glu- 
cose as substrate. The method of Utter, 
Wood, and Reiner(6) was used for the study 
of anaerobic glycolysis; and that of Schneid'er 
and Potter(7) for the study of succinate de- 
hydrogenase a d  cytochrome oxhdase systems. 
The rate od oxygen uptake or carbon dioxide 
evolution was followed' in a Warburg 
manometer at 36.3"C. After a 15-minute 
period for gassing and temperature equilibra- 
tion the stopcocks were closed and readings 
were takten a t  10-minute intervals for one 
hour. All determinations were made in dupli- 
cate, and each experiment was repeated sev- 
eral timses on different groups of controll and 
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experimental animals. The values in Table I 
represent the average of 3 or more separate 
experiments. 

In  a second study, 10 control and 10 tol- 
erant mice were given thiopental sodium, 85 
mg per kg intraperitoneally (approximately 
an L.D.50 dose), the mice in each group sac- 
rilficed aftler 5 minutes, and tihe brains pre- 
paired for in vitro respiration studies as above. 

Results. Table I summarizes the results 
of the emriments. Thiopental in concen- 
trations of from 167 mg per cc to 667 mg per 
cc produced from 30 to 810% inhibition of 
the oxidation of glucose, pyruvate, and lac- 
tate. However, the control and tolerant 
mouse brains showed no difference in the 
rate of oxidation of these substrates, nor 
in the degree of inhibition caused 'by thio- 
pental on the oxidsakion of these substrates. 
There was no difference in the anaerobic gly- 
colysis of glucose, the succinic dehydrogenase 
or the cytochrome oxidase activity. Xone of 
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these systems in either control or tolerant 
brain preparations were inhibited by the thio- 
pental concentration used. The results ob- 
tained with the oxidation of glucose using 
the isotonic humogenate preparations were 
essentially the same as those shown in Table 
I. I n  studies in which an L.D.50 dose of 
thiopental was injected into the animals, 
rather than added to the flasks, no inhibition 
of glucose oxidation was observed in con- 
itrol or toleranlt brain preparations. 

Discussion. If the sole mechanism of ac- 
tion of barbiturates in producing hypnosis is 
a depression of the carbohydrate metabolism 
of the brain, then it should follow that toler- 
ant animals. requiring a higher brain cm- 
centration of (the barbiturate to maintain 
hypnosis, should show less inhibitory effects 
of the barbiturate on brain respiration than 
normals. This was not found to be true. If 
such differences had been present, it should 
have been possible to demonstrate them by 
the technics used, since the brains of control 
animals are almost twice as sensitive to the 
hypnotic effects of thiopental as those of tol- 
erant animals. Further, the minimum in 
vitro concentration of thiopental required to 
inhibit glucose oxidation by brain homogen- 
ates is equivalent to an in vivo brain concen- 
tration which we have found to be uniformly 
lethal (8) .  Our observation that the injec- 
tion of an L.D.50 dose of the barbiturate in 
mice failed to affect the in vitro carbohydrate 
metabolism of the brain substantiates similar 
observations of others ( 2 ) .  However, since 
slices were used by these workers, failure to 
observe inhibition was attributed to diffusion 
and dilution of the drug in the surrountding 
medium. The use of the homogenate technic 
circumvents this difficulty since the enzyme 
and drug are equally diluted. Several re- 
ports in the literature comparing hypnotic 
doses of barbiturates in vivo and drug con- 
centrations required for inhibition of brain 
respiration in vitro(9,lO) are based on the 

8. Hubbard, T. F., and Goldbaum, L. R., unpub- 

9. Furham, F. A., and Field, J., J .  Phmm. and 
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contention (as reported by Tatum et al. for 
amytal in rabbits) (11) that the brain con- 
tains four times as mulch of the barbiturate 
as other tissues. Accurate spectrophotornetric 
methods for the determination of banbiturates 
in tissue have shown that most of the bar- 
bitura tes do not reach higher concentrations 
in the brain than in most of the other paren- 
chymatous tissues ( 1 2 ) . I t appears unlikely 
that the concentraltions od barbiturate equiv- 
alent to those found in sthe brain during hyp- 
nosis would inhibit in vitro glucose metabo- 
lism by brain. I t  shoulid also be noted that 
pyribenzamine (13) and some of the local 
anesthetics (2,14) similarly depress thse in 
vitro metabolism of glucose, but are convul- 
sant when administered in equivalent con- 
centrations in  vivo. These observations do 
not rule out the possibili<ty of selective activ- 
ity of !barbiturates on some local area of the 
brain so sensitive that the effects could not 
(be demonstrated on whole brain preparations, 
though in vitro studies have shown no dif- 
ference in the sensitivity of various areas of 
the brain to pentobarbital ( 15). 

1. No difference was demon- 
strable in the rate of in vitro oxidation od 
glucose, lactate, pyruvate and in the succinic 
dehydrogenase and cytochrome oxidase sys- 
tems by brain homogenates from control and 
thiopental- toleran t mice. 

2. Thiopenltal was found to inhibit the in 
vitro oxidation of glucose, lactate, and py- 
ruvate but there was no differlence in the de- 
gree of inhibition between control anld tol- 
erant. mouse brain hornogenates. The anae- 
robic glycolysis of glucose and the activity 
of succinic dehydrogenase and cytochrome 
oxidase were unaffected by the thiopental. 

3. KO inhibition of the in vitro oxidation 
of glucose was observed in thse brain homog- 

11. Tatum, H. J., Nelson, D. E., and Kozelka, F. 

12. Goldbaum, L. R., J .  Phurm. and Exp. Therap., 

13. Hulbbard, T. F., and Goldbaum, L. R., J .  Lab. 

14. Watts, D. T., J .  Phwm. and Exp. Therap., 

15. Gerard, R. W., Ann. Rev. Biochem., 1937, v6, 
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and Clin. Med., 1949, v35, 284. 

1949, v96, 325. 
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enates from normal or tolerant mice after biturates cannot be the sole mechanism re- 
receiving an L.D.,b0 dose af thiopental. sponsible for barbiturate hypnosis. 

4m It is the observed in Received May 15, 1950. P.S.E.B.M., 1950, ~ 7 4  
vitro d,epression of brain respiration by bar- 
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To date no chemical method for the de- 
termination of D-tubocurarine in plasma has 
beEn reported. A method by which two 
micrograms of D-tubocurarine chloride per 
ml of plasma can be estimated has been de- 
veloped and is presented along with data on 
the plasma levels associated with paralysis 
in the rabbit. The principle of the procedure 
is that employed by Brodie and Udenfriend 
(1)  for many organic bases, that is, extrac- 
tion of the alkaloid into an organic solvent 
and subsequent complex formation with 
methyl orange. D-tubocurarine cannot be 
extracted from alkaline solution into organic 
solvents. I t  may, however, be extracted from 
a potassium iodide solution a t  pH 10. Other 
salts were unsatisfactory because they caused 
the formation of emulmsions between the plas- 
ma and solvent, gave high blanks, or failed 
to 'result in complete recovery. 

Reagents. Ethylene dichloride. Because 
this solvent usually contains impurities which 
react with methyl orange, it was purified in 
one of 2 ways: (a) by 'treating with activated 
charcoal, Xorite, or (b)  'by washing once with 
one-fifth volume of N hydrochloric acid and 
then several times with water. The purified 
solvent was stored in a glass-stoppered bot- 

*This work was supported in part by a grant-in- 
aid from the National Foundation for Infantile 
Paralysis. 
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tle. Methyl  Orange. One gram of the so- 
dium salt of methyl orange was dissolved in 
500 ml of water and the resulting solution 
was shaken several times with equal volumes 
af purified ethylene dichloride to remove sol- 
uble organic impurities. The free acid of 
methyl orange was then precipitated by the 
addition of 2 ml of concentrated sulfuric 
acid, filtered on a Buchner funnel, washed 
several times with water and dried in zlucuo. 
Acid-alcohol. Two ml of concentrated SUI- 
furic acid were dissolved in 100 ml of abso- 
lute ethanol. Potassium-iod~e-glycine bu f-  
f e r ,  A buffer solution of about pH 10 was 
prepared by mixing 6.0 ml .of 0.1 M glycine 
solution containing sodium chloride (7.505 g 
glycine and 5.83' g sodium chloride per liter) 
with 4 ml of 0.1 R' sodium hydroxide. T o  10 
ml of this buffer, 12.8 g of reagent grade 
potassium iodide were added and the result- 
ing solution was kept in a brown bottle to 
protect it from the light. The buffer is very 
stable but the buff er-potassium-iodide solu- 
tion is not and the mixture should #be pre- 
pared daily. Citric acid bufler. A citric 
acid buffer solution, pH 5.0 was prepared by 
mixing 10.3 ml of 0.2 M dibasic sodium phos- 
phate with 9.7 ml of 0.1 M citric acid. 

Three rnl of plasma contain- 
ing 5 to 60 micrograms of D-tubocurarine 
chloride are pipetted into a 60 ml glass-stop- 
p e r 4  bottle containing 10 ml of ethylene di- 
chloride. One-half ml of the potassium io- 
dide-glycine buffer solution is added and the 
mixture is shaken for 5 minutes, decanted 
into a test tube, centrifuged and the aqueous 

Procedure. 


