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CLP-0 HCI, which apparently is the precursor to 
phenolic and other unidentified degradation products 
formed on irradiation. 

Photodegradation of CLP HC1 seemed to be 
more dependent on the presence of water than dis- 
solved oxygen, and it would not be expected that 
elimination of oxygen alone would have a marked 
effect on the degradation of ultraviolet irradiated 
solutions of CLP HCI at 253.5 mp. 
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cluded (Fig. 6). 

SUMMARY 

The presence of a semiquinone free radical as an 
intermediate in the ultraviolet photolysis of CLP 
HCI was demonstrated. Disproportionation of this 
free radical intermediate yields the photolabile 
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Alterations in the Activity of Pentothal, 
Phenobarbital, Pentylenetetrazol, and 

Strychnine by Cholinesterase Inhibitors 
By VERNON A. GREEN 

Mice pretreated with anticholinesterases showed enhanced stimulation in  the res- 
ence of pentylenetetrazol and strychnine, a decreased lag period with aneAet ic  
doses of phenobarbital, and a prolongation of anesthesia with pentothel. An at- 
tempt was made to correlate these changes in  response with the depression of acetyl- 

choline hydrolyzing enzymes. 

ECAUSE THE brain has higher concentrations 
of acetylcholinesterase than other areas of 

the body ( I ) ,  attempts to  potentiate drug action 
through cholinesterase inhibition should be ac- 
complished more readily with agents which 
primarily affect the central nervous system. 

The findings of potentiation of the rate of 
diffusion of acid fuchsin (2) in frog and dog (3), 
trypan red (4) in dog, and the potentiation of 
morphine (5) in cats, streptomycin on Es- 
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cherichia cola (6) and rats (7), and barbital (8) in 
mice by neostigmine or physostigmine were indi- 
cations that possibly the activity of other drugs 
could be potentiated. 

I n  this study, physostigmine, neostigmine, and 
diisopropylfluorophosphate (DFP) were used as 
prior medication in mice in an attempt to potenti- 
ate the action of some central nervous system 
stimulants and central nervous system depres- 
sants. The basic criteria for the determination 
of potentiation were the ability of cholinesterase 
inhibitors to render a subconvulsive dose of a 
central nervous system stimulant convulsive (9)- 
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sions and died in an average of 40.35 seconds follow- 
ing 0.000'25 nig./Gm. of strychnine sulfate intra- 
venously (Fig. I ) ,  but none of the controls showed 
visible signs of stimulation (Fig. 1) .  

Twenty mice injected subcutaneously with neo- 
stigmine methylsulfate ( 0 . W  mg./Cm.) 15 minutes 
before strychnine sulfate (0.00025 mg./Cm.) had 
convulsions and died (Fig. l ) ,  while the same nurn- 
ber of mice with 2 mg./Kg. of D F P  2 5 hours prior 
t o  strychnine showed only convulsions (Fig 1). 

Since cholinesterase inhibitors cause vasodilation 
either directly or indirectly through the accumula- 
tion of acetylcholine. an attempt was made in this 
study to produce vasodilation by the administration 
of acetylcholine. Of 23 mice injected intravenously 
with 0.05 mg./Rg. of acetylcholine bromide plus 
strychnine sulfate, all showed convulsive seizures of 
short duration with only one death (Fig. 1). 

To study the effects of possible vasodilation on 
potentiation of strychnine further, attempts were 
made to prevent vasodilation with a parasympatho- 
lytic drug. Twenty mice were given the cholin- 
esterase inhibitors with atropine sulfate (0.1 mg./ 
Cm.) 1.5 minutes prior to the intravenous strychnine, 
with no appreciable change in the stimulating activ- 
ity above or below that  of the animals receiving 
inhibitor and strychnine alone (Fig. 1). Physo- 
stigmine prior t o  strychnine and acetylcholine com- 
bined showed erratic results (Fig. 1 ) .  

Schweitzer (10) reported that neostigmine and 
acetylcholine depressed spinal reflexes, thereby in- 
hibiting strychnine induced convulsions. The oppo- 
site action was found in this study since a great 
potentiation of a subconvulsive dose of strychnine 
was noted by neostigmine and a small potentiation 
by acetylcholine. I t  is true, however, that  large 
amounts of acetylcholine will decrease nerve trans- 
inission since it will keep nerve endings depolarized. 
Therefore, large doses of neostigmine or acetylcholine 
could depress spinal reflexes, but with the doses used 
in this study, there was potentiation of strychnine 
activity instead of depression. 
Pentylenetetrazol Potentiation 

The use of strychnine as a drug is almost purely 
academic. and since Nachmansohn (12) has reported 
strychnine as a cholinesterase inhibitor i n  uitro, it 
was decided to attempt potentiation of another 

TABLE ~.-DETERMINATION OF CHOLINBSTERASE 
lNH1BITrON IN MOUSE BRAIN AND BLOOD 

Units' Esterase Depression. 
Activity 70 

Group Blood Brain Blood Brain 
Control 0 558 0 846 0 0 
Physostigmine 0 495 0 781 1 1  3 7 6 
Neostigmine 0 421 0 700 24 5 17 0 
DFP 0 510 0 822 8 5 2 9 

0 A unit 01 cholinuternse for this study ir defined as the 
number of milliliters of 0.1 1f acetic acid derived Irom 3 ml. 
of 0.1 3f acetylcholine bromide solution by the cholinesterase 
activity in 1 Cm. of mouse brain o r  1 rnl of whole blood in 
10 minuter at a con(1tpo1 pH of 8 .  

and in the case of CNS depressants-to decrease 
the anesthetic lag, to prolong the anesthetic time 
of a given dose, or to increase the anesthetic ac- 
tivity of a smaller dose. 

EXPERIMENTAL AND DISCUSSION 

Determination of Cbolinesterase Inhibition 
Eighty mice (28 to 40 Gm , no regard to sex or age) 

were divided into four groups of 20 each. Group A 
was injected with O.OOO4 mg./Gm. physostigmine 
salicylate; group B received O.OOO4 mg./Gm. neo- 
stigmine; group C received D F P  ( 2  mg./Kg.); and 
group D was used as the control. The animals were 
etherized and then decapitated 15 minutes after the 
injection of the cholinesterase inhibitors. The brain 
and blood were removed for the determination of 
cholinesterase content. 

The degree of cholinesterase inhibition was deter- 
mined and reported in units per gram of brain and 
milliliters of whole blood as shown in Table I .  

Strychnine Potentiation 
The possible potentiation of strychnine sulfate 

(0.00025 mg./Gm.) by cholinesterase inhibitors was 
studied on mice with no regard to age or sex. The 
cholinesterase inhibitor was administered prior to 
the strychnine; any increase in the stimulating 
activity above that of the 0.00025 mg./Gm. controls 
was interpreted as potentiation. 

Twenty mice injected subcutaneously with O.OOO4 
mg./Gm. of physostigmine salicylate had convul- 

Fig. 1. - Effect of 
cholinesterase inhibitors. 
atropine. and acetylcho- 
line on CNS stimulat- 
ing activity of strychnine 
(0.00025 mg./Gm.) intra- 
venously in mice. 
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CNS stimulant-one used medicinally today that 
is not thought to  be a cholinesterase inhibitor. 

Pentylenetetrazol was given to mice in doses of 
10, 12.5, and 15 mg./Kg. intravenously to  determine 
a minimal convulsive dose. It was found that 10 
mg./Kg. was subconvulsive in all mice used in this 
study (Fig. 2). Five of 26 mice showed convulsive 
seizures of very short duration with 12.5 mg./Kg.; 
therefore, these two dose levels were selected for this 
study. 

Nineteen of 20 mice receiving 0.0004 mg./Gm. of 
physostigmine 15 minutes prior to pentylene- 
tetrazol intravenously, 10 mg./Kg., showed con- 
vulsive seizures of an average duration of 15.8 sec- 
onds (Fig. 2), while there were no convulsions in the 
10 mg./Kg. controls. On using 12.5 mg./Kg. of 
pentylenetetrazol 15 minutes after physostigmine, 
all 28 mice showed convulsive seizures compared 
to five convulsive seizures in 26 mice used as 12.5 
mg./Kg. controls (Fig. 2), but no deaths occurred. 

Neostigmine, 0.0004 mg./Gm. of mouse, 15 min- 
utes prior to pentylenetetrazol, 12.5 mg./Kg.. gave 
convulsions in all 20 mice tried (Fig. 2). while DFP 
(2 mg./Kg.) 2.5 hours prior to pentylenetetrazol 
gave convulsions in only six mice of 20 tried and the 
seizures were like those of pentylenetetrazol alone, 
an average of 7 seconds. 

In an attempt to rule out a vasodilating action of 
physostigniine and neostigmine, atropine sulfate 

Fig. 2.- Effect of cho- 
hesterase inhibitors and 
atropine on activity of 
pentylenetetrazol in mice. 

(0.1 mg./Grn. of mouse) was administered sub- 
cutaneously with the cholinesterase inhibitor with 
no appreciable change in the percentage of seizures 
or duration of seizures above or below those occur- 
ring in mice which received only inhibitor and CNS 
stimulant (Fig. 2). 

Alteration of Action of Phenobarbital Sodium 
Greig and Mayberry (8) reported a decrease in the 

anesthetic lag time of barbital sodium in mice re- 
ceiving prior medication with physostigmine. In 
addition, the above investigators reported an in- 
crease in the brain tissue level of the barbital follow- 
ing prior medication with physostigmine. More 
recently, in 1958, Rosenberg (11) found an increase 
in the sleeping time of hexobarbital following prior 
medication with some of the organic phosphates that 
are cholinesterase inhibitors. 

Since the above-mentioned investigations re- 
ported potentiation of barbital and hexobarbital, 
this investigator attempted to study the effects of 
physostigmine, neostigmine, and DFP on the anes- 
thetic lag time of phenobarbital sodium in mice, with 
no consideration of age, weight, or sex. 

A dose of 160 mg./Kg. of phenobarbital sodium 
was given to  50 mice intravenously, and the average 
lag time from administration until onset, loss of 
righting reilex, was determined as 1147 seconds 
(Fig. 3). This average lag time was used as the 

Fig. 3.-Effect of phy- 
sostigmine, neostigmine, 
DFP, atropine, and ace- 
tylcholine on anesthetic 
lag of intravenous pheno- 
barbital sodium (160 mg./ 
Kg.) in mice. 
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phenobarbital sodium showed an average lag time 
of 282 seconds, while 20 animals receiving physo- 
stigmine 15 minutes prior to 0.1 mg./Kg. acetyl- 
choline plus phenobarbital showed an average lag 
time of 248 seconds. 

Acetylcholine bromide (0.05 mg./Kg.) plus 
160 mg./Kg. of phenobarbital sodium intravenously 
showed an average lag time of 852.7 seconds (Fig. 
3); and atropine sulfate (0.1 mg./Gm.) 15 minutes 
prior to acetylcholine (0.05 mg./Kg.) plus pheno- 
barbital gave an average lag time of 1215 seconds. 

These findings indicate that some method of 
potentiation other than vasodilation is involved 
in the potentiating action of these anticholine- 
sterases. However, a vasodilating action could be 
involved in the mild potentiating action of the 
acetylcholine. 

Pentothal Sodium Potentiation 
Pentothal sodium was administered to mice in 

the amounts of 10 mg./Kg., 15 mg./Kg., and 35 
mg./Kg. intravenously, and the anesthetic times 
or time lapses from loss of righting reflex until 
righting reflexes were regained were recorded. 
The time lapses from onset until recovery of wak-  
ing ability was regained were also noted for com- 
parison with controls. 

Twenty mice injected with physostigmine sali- 
cylate 15 minutes prior to  10 mg./Kg. pentothal 
sodium gave an average anesthetic time of 108.5 
seconds until recovery of righting reflex and 206.4 
seconds until walking ability was regained (Fig. 4). 
Atropine sulfate (0.1 mg./Gm.) administered 5 
minutes before the physostigmine in other mice 
(1) decreased the average anesthetic time to  79.1 
seconds and the regaining of walking ability to  122 
seconds. These average anesthetic times were in 
direct contrast to the controls, since in 20 control 
mice, 10 mg./Kg. of pentothal sodium produced 
no loss of righting reflex. 

DFP and neostigmine produced average anes- 
thetic times with 10 mg./Kg. of pentothal sodium 
of 82.7 and 102.2 seconds, respectively, while 
the time lags until walking was regained were 
196.1 and 212.6 seconds. 

The 15 mg./Kg. pentothal controls showed an 
average anesthetic time of 16.3 seconds and 30 
seconds before walking ability was regained, but 
in 20 mice premedicated with physostigmine, the 
average anesthetic time was 116.2 seconds and 
205 seconds until walking was regained (Fig. 5). 
When acetylcholine bromide (0.05 mg./Kg.) was 
given with 15 mg./Kg. pentothal sodium to physo- 
stigminized animals, the average anesthetic time 
increased to  229.5 seconds, and the recovery of 
walking ability to  326 seconds. Acetylcholine with 
pentothal sodium and no prior medication showed 

Penlolhol Sodium ond 
OFP 2 mp /Kg 

Pemolhol Sodium on6 
Neorlipmme 0 0004 mp IGm. 

1 I I I I 
0 50 I00 150 

AVERAGE DURATION of ANESTHESIA (RETURN of RIGHTING 
REFLEX) in SECONDS 

Fig. 4.-Effect of cholinesterase inhibitors and 
atropine on duration of anesthesia produced by 
10 mg./Kg. of pentothal sodium intravenously in 
mice. 

basis of comparison to  determine any decrease in the 
lag time until onset of action that might be caused 
by prior medication with cholinesterase inhibitors. 

Thirty mice receiving physostigmine salicylate 
(O.OOO4 mg./Gm.) subcutaneously 15 minutes prior 
to  phenobarbital sodium (160 mg./Kg. intrave- 
nously) showed an average lag time until onset of 
258.4 seconds (Fig. 3). This represents about a 
7570 decrease from the values for the controls 
receiving 160 mg./Kg. of phenobarbital alone. 

DFP (2 mg./Kg.) subcutaneously as prior medica- 
tion 2.5 hours previous to  intravenous phenobarbital 
(160 mg./Kg.) gave an average lag time of 594.8 
seconds (Fig. 3), while neostigmine (O.OOO4 mg./ 
Gm.) subcutaneously 15 minutes prior to  pheno- 
barbital, gave an average lag time of 250.7 seconds 
(Fig. 3). This represents a %'% decrease for DFP 
and a 75% decrease for neostigmine below the lag 
time of the controls. 

Other investigators reporting potentiation of 
barbiturate-induced sleeping time and decreased 
lags did not attempt to  preclude the effects of 
vasodilation as a possible cause of the potentiation. 
It was decided that in this study the investigator 
would not only use a parasympatholytic in an at- 
tempt to block the acetylcholine vasodilation, but 
would also try to  potentiate the barbiturate de- 
pression by acetylcholine-induced vasodilation. If 
the potentiation were the result of increased tissue 
uptake due to  dilation of vessels, atropine should 
block it. and acetylcholine should produce similar 
potentiations. 

Twenty mice receiving atropine sulfate (0.1 
mg./Gm.) and physostigmine salicylate (O.OOO4 
mg./Gm.) 15 minutes prior to phenobarbital gave 
an average lag time of 279 seconds. Twenty-four 
animals receiving physostigmine 15 minutes prior 
to acetylcholine bromide (0.05 mg./Kg.) plus 

Pentolhol Sodium 

I I I I I I I 
16.3 seconds 

Penlothal Sodium ond 
Phyrortipmine 0.0004 mq./Gm. 

Penlolhal Sodium, 
Phyrorligmine 00004 mq /Gm ,and 
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I I I I I I h-1 394.5 seconds Peniothol Sodium Pig. 6.-Effect of phy- 
sostirnine on duration of 
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AVERAGE DURATION of ANESTHESIA in SECONDS 

an average anesthetic time of 88.4 seconds and 
no prior medication showed an average anesthetic 
time of 88.4 seconds and 110.7 seconds until walking 
was recovered. These values were approximately 
the same as those for aninials receiving DFP and 
pentothal. 

Twenty physostigmine treated animals receiving 
35 iiig./Kg. of pentothal sodium gave an average 
anesthetic time of 1236.3 seconds (Fig. 6 ) ,  con- 
trasted with 394.5 seconds for the controls and 1412.7 
seconds for recovery of walking ability compared 
to 171.9 seconds for the controls. 

Potentiation of pentothal sodium by prior medica- 
tion with physostigmine and neostigmine resulted 
in increasing the anesthetic activity of a non- 
anesthetic dose and prolonging the anesthetic 
time of an anesthetic dose. These potentiations 
by cholinesterase inhibitors could not be blocked 
by 0.1 mg./Gm. of atropine, and although acetyl- 
choline enhanced the potentiation. it alone did not 
produce the potentiations equal to  those of neo- 
stigmine and physostigmine. 

The decreases in cholinesterase (Table I )  activity 
brought about by the inhibitors used in this study 
correlate quite well with the increases in activity 
of the CNS stimulants and depressants. DFP 
showed the least inhihitory activity in the dose 
used and the least potentiating action, while 
neostigmine showed the most cholinesterase de- 
pression and the greatest potentiations. 

SUMMARY 

Physostigmine or neostigmine as prior medication 
caused potentiation in mice of the actions of 
strychnine and pentylenetetrazol. Subconvulsive 

doses were made convulsive and, in the case of 
strychnine, the subconvulsive dose was made lethal. 
In addition, the above cholinesterase inhibitors short- 
ened the anesthetic lag time of intravenous pheno- 
barbital sodium and increased the anesthetic ac- 
tivity of pentothal sodium, lengthening the anes- 
thetic time. DFP was less effective in producing 
these potentiations. 

Atropine sulfate (0.1 mg./Gni.) as prior medica- 
tion did not block the potentiation ; acetylcholine 
bromide (0.05 mg./Kg.) produced potentiations of 
much less magnitude than the reversible cholin- 
esterase inhibitors. Thus, factors other than 
vasodilation must be of primary importance in 
these observed potentiations. 

The per cent depression of cholinesterase ac- 
tivity by the inhibitors correlated with the degree 
of change in the activity of the CNS stimulants 
and depressants. 
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Determination of Sulfamylurea Hypoglycemic Agents 
and their Metabolites in Biological Fluids 

By EDWARD H. WISEMAN, JOSEPHINE CHIAINI, and REX PINSON, JR. 

Amine metabolites (basic) are separated from their parent sulfamylureas and sul- 
famide metabolites (both acidic) by extraction. Sulfamylureas are hydrolyzed by 
acid to the corresponding amine for assay, under which conditions sulfamides are 
unaffected. Sulfamides are similarly hydrolyzed t o  an amine under basic conditions, 
sulfamylureas being stable. Flourine-containing sulfamylureas were assayed by 

Schgniger combustion and determination of the resultant fluoride ion. 

s PART OF a continuing program on oral thesized and studied in our laboratories (1). A hypoglycemic agents, a series of sulfamyl- These studies have included attempts (2, 3) to 
ureas of the general formula (I) has been syn- relate the distribution, metabolism, and ex- 
~ - -__ 
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