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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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cretion of thesc materials to  various physical 
properties such as lipid/water distribution 
ratios, pKa, plasma binding, and solubility. 
This paper describes the development of analyti- 
cal procedures required to  determine these 
compounds and their metabolites in plasma and 
urine. 

The major route of metabolism of the sul- 
famylureas is degradation to  the sulfamide and a 
primary amine (2, 3) 

R~NSO~NHCONHR, - R ~ S O ~ N H ,  + NH~R, 

Methods therefore had to be developed for the 
determination of the sulfamylurea, sulfamide, 
and amine either alone or in admixture with each 
other. 

The sulfamylureas studied can be divided into 
two classes: those in which R) was either alkyl 
or cycloalkyl, and those in which R2 was penta- 
fluoropropyl. The former series were determined 
by  a modification of the Spingler method (4). 
The sulfamylurea was extracted from the acidi- 
fied biological sample into hexyl acetate and the 
hexyl acetate extract then heated to  130'. 
Under these conditions sulfamylureas are de- 
graded to  the corresponding cycloalkyl or alkyl 
amine, which can be determined as the yellow 2,4- 
dinitrophenyl derivative by  reaction with 2,4- 
dinitrofluorobenzene (DNFB). The fluorine- 
containing sulfamylureas were extracted, and 
determined as fluoride ion after a Schoniger 
oxidation (5). There is no interference from 
metabolites in either assay procedure. 

The sulfamylureas are stable in strongly basic 
solution at  looo, whereas the sulfamides are 
smoothly hydrolyzed to  an amine 

The determination of the sulfamides in this 
study was based on alkaline hydrolysis to the 
amine under conditions that did not affect the 
parent sulfamylurea. Interfering amines were 
first removed from the alkalinized biological 
sample by chloroform extraction. The  aqueous 
solution was made strongly basic, and the sulf- 
amide hydrolyzed to  the corresponding second- 
ary amine by  heating at 100'. The amine 
produced was then determined by  a methyl 
orange technique (6). 

EXPERIMENTAL. 

Reagents 
All organic solvents used were of analytical re- 

agent grade. In addition, the following stock 
solutions are required: McIlvaine buffer, pH 5.0; 
2 : 4-dinitrofluorobenzene (0.1 yo) solution in n- 

hexyl acetate (DNFB reagent) (the solution is 
stored in a brown bottle, and kept a t  0-5");  methyl 
orange reagent (a  solution of methyl orange (500 
mg.) in water (100 ml.) is washed with chloroform. 
Before use, the aqueous solution is diluted 1 : 1 with 
saturated boric acid solution); and a solution of 
concentrated sulfuric acid (27,)  in absolute ethanol. 

Procedure 
For Sulfamylureas Derived from Alkyl and Cyclo- 

alkyl Amines.-The biological sample (1 ml., either 
plasma or urine), in a glass-stoppered glass centrifuge 
tube is adjusted to pH P 5  with 0.5 N hydrochloric 
acid and pH 5 buffer (1 ml.) added, followed by n- 
hexyl acetate (2 ml.). The mixture is mechanically 
shaken for 30 minutes, then centrifuged to separate 
the layers. A portion of the hexyl acetate layer 
(1 ml.) is transferred to a fresh glass-stoppered 
centrifuge tube containing the DNFB reagent (0.5 
ml.). The tube is loosely stoppered and heated in 
an oil bath a t  125-135" for 10 minutes. The 
solution is allowed to cool for 30 minutes, and the 
absorbance read a t  398 m p  in a Beckman DU 
spectrophotometer against n-hexyl acetate as a 
blank. 

For Sulfamylureas Derived from Pentafluoro- 
propy1amine.-The biological sample (1 ml.) is ad- 
justed to ca. pH 4-5 with 0.5 N hydrochloric acid. 
The solution is buffered with pH 5 buffer (1 ml.), and 
extracted by shaking with ethyl acetate (2  ml.) for 
30 minutes. A portion of the ethyl acetate layer 
(1 ml.) is carefully pipeted onto ashless filter paper, 
folded to contain a small ball of cotton (about 4 mg.). 
and the whole dried under an infrared lamp for 15 
minutes. Potassium chlorate (about 1 mg.) is 
added, the paper carefully folded to contain this 
and the cotton ball, and placed in the platinum 
basket of a Schoniger flask (500 ml. capacity). 
The combustion is carried out in oxygen in the 
usual manner, and the gases absorbed in water 
(about 50 ml.). The flask and contents are allowed 
to stand for 20 minutes, and then the contents 
(together with washings) are transferred to  a 
separator (250-ml. capacity), the final volume being 
about 150 ml. The fluoride ion concentration is 
then determined by the method of Johnson and 
Leonard (7). 

For Sulfamide6.-The biological sample (10 ml.) 
is made basic (pH 12) with sodium hydroxide solu- 
tion and shaken with chloroform (10 ml.) for 15 min- 
utes. The layers are separated by centrifugation, 
and a sample of the aqueous layer (5 ml.) transferred 
to  a fresh tube containing 30% sodium hydroxide 
solution (1 ml.). The tube is stoppered, and the 
solution is heated on a steam bath for 20 minutes. 
After cooling, sodium chloride (ca. 3 Gm.) is added, 
and the solution shaken with benzene (20 ml.) for 
30 minutes. The mixture is centrifuged, and a 
portion of the benzene layer (15 ml.) is washed with 
0.1 N sodium hydroxide solution (5  ml.). Part of 
the benzene layer ( 8  ml.) is transferred to  a tube 
containing isoamyl alcohol (0.4 ml.) and methyl 
orange reagent (0.6 ml.). The mixture is shaken 
for 10 minutes, centrifuged, and a portion of the 
benzene layer (6 ml.) transferred to a colonmeter 
tube containing 27, sulfuric acid in ethanol (1 ml.). 
The contents are mixed thoroughly and the ab- 
sorbance read immediately in a Bausch 81 Lamb 
Spectronic 20 spectrophotometer a t  540 m p .  
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For Amines.-The biological sample (5 ml.) is have been eliminated. This has been achieved by 
alkalinized with 30y0 sodium hydroxide solution (1 buffering the plasma to be extracted to pH 5, 
ml.), sodium chloride (about 3 Gm.) is added, and a t  which pH the color from hemolyzed samples is 
the mixture shaken with benzene (20 ml.) for 30 not extracted by hexyl acetate. In addition, in 
minutes. A portion of the benzene layer (15 ml.) is selecting the higher absorption wavelength of the 
separated and the sulfamide procedure followed from dinitrophenyl derivatives for assay use, the relia- 
this Doint. bility of the assay has been further increased. 
Calculations 

All assays of unknown samples are related to  
standard curves prepared by submitting to the 
entire assay, pooled control urine or plasma samples, 
to which known amounts of the compound to be 
assayed had been added. The sulfamylurea assay 
obeys Beer's law over the range 10-200 mcg./ml. 
The sulfamylureas investigated varied widely in oil- 
water partition coefficients [0.03- <4 in the system 
cyclohexane/O.l N hydrochloric acid (3)], and this 
affected the percentage recoveries from plasma and 
urine. However, in all cases, recovery was between 
70-100%. The absorbance at 398 mfi of the 2,4- 
dinitrophenylamine derivative corresponding to an 
initial sulfamylurea concentration of 100 mcg. /ml. 
fell in the range 0.410 to 0.560. The sulfamide 
assay follows Beer's law over the range 5-100 mcg./ 
ml. and is subject to variations similar to  those of 
the sulfamylurea assay. Sulfamylureas do not 
interfere in the sulfamide assay, but amines must be 
removed prior to hydrolysis. The amine assay has 
a range of 1-15 mcg./ml. Neither sulfamylurea nor 
sulfamide interfere in this assay. 
Determination of Wavelength for Measurement 
of Dinitrophenyl Derivatives 

The dinitrophenyl derivatives of all amines 
studied (cyclopentyl, cyclohexyl. cycloheptyl, cyclo- 
iictyl, n-propyl, n-butyl) exhibit a plateau in the 
ultraviolet at 390-410 mp, together with a peak at a 
lower wavelength (cu. 350 mp), in agreement 
with previously reported observations (4, 8-11). 
At the higher wavelength blank values are consider- 
ably reduced, and errors arising from the absorbance 
of 2:4-dinitrophenol are also minimized (12). 
Accordingly, the higher wavelength is utilized in the 
assay procedure. 
Stability Studies 

Sulfamylureas (a t  concentrations cu. 100 mcg./ 
ml.) could be recovered after heating at 100" for 
20 minutes with 30% sodium hydroxide essentially 
quantitatively (92-100%). At concentrations up 
to 200 mcg./ml., sulfamylureas cause no inter- 
ference in the sulfamide assay. 

Sulfamides (at concentrations of cu. 60 mcg./ml.) 
could be recovered after 30 minutes at 100" in 
aqueous acid (pH 2) to  the extent of 70-9@%. 
Under assay conditions, concentrations of sulfamide 
in excess of 100 mcg./ml. cause no interference in the 
sulfamylurea assay. 

Both sulfamylureas and sulfamides could be 
recovered essentially quantitatively (90-100~o) 
after 48 hours at 37" from urine (pH 5-8). 

DISCUSSION 
The determination of a substituted urea by the 

DNFB procedure was first reported by Spingler (4) 
who applied it to tolbutamide. Carmichael (8) 
extended the procedure to the determination of 
chlorpropamide. The present method is a modifica- 
tion of the original and incorporates an improvement 
since high blanks due to  hemolyzed plasma samples 

The development of assays capable of differentiat- 
ing between two closely related compounds such as a 
sulfamylurea and its sulfamide metabolite is a 
reflection of the different stabilities of these two 
classes of compounds under hydrolytic conditions. 
By analogy with the proposed mechanism for the 
hydrolysis of amides (13). the hydrolysis of the 
sulfamylureas in acid solution may be envisioned as 

n 
R-NSNH H ~ - R  NSNH ~10, 
W I  W I  

C- HZRI 
I1 8 C-NHR~ 

II 
0 0 

R-NSO~NH~ + co2 + H@ 
W 

The initial (and most probably, rate determining) 
step will be the protonation of the sulfamylurea. 
If the group R1 is of sufficient electronegativity, the 
availability of electrons at the nitrogen, and thus 
protonation, will be limited. The high electro- 
negativity of the pentafluoropropyl group pre- 
sumably restricts electron availability a t  the nitro- 
gen to  such an extent that the series of sulfamylureas 
containing that group was resistant to hydrolysis. 
For this reason, an alternative assay procedure for 
these compounds was developed. In alkaline 
solution, the sulfamylureas will exist in the salt form 

n U 

R N S ~ N = C - N H R ~  
W I 

O0 
The high electron density a t  the carbonyl group of 
this form which hinders attack by OH-, accounts 
for the observed stability of the sulfamylureas in 
basic solution. 

The hydrolytic behavior of the sulfamide metabo- 
lites can be explained on similar grounds. Much 
weaker acids than their sulfamylurea counterparts, 
they resist protonation and are therefore stable 
under acidic conditions. In basic solution how- 
ever, the hydrolysis probably proceeds by 

Earlier workers (4, 8) assumed that the degrada- 
tion of the substituted urea occurred upon heating 
at 130°, the solvent being inert. We have found, 



Vol. 53, No. 7, July 1964 769 

been described. Sulfamylureas were determined by 
degradation to  the corresponding primary amine 
which was determined spectrophotometrically after 
reaction with 2:4-dinitrofluorobenzene. The com- 
pounds in a series of fluorine-containing sulfamyl- 
ureas were determined as fluoride ion after Schoniger 
combustion. One class of metabolites, the sul- 
famides. was hydrolyzed under basic conditions to 
give a secondary amine, which was then determined 
by the methyl-orange-dye-complex technique. The 
remaining amine metabolites were assayed directly 
by the methyl orange procedure. Although the 
assay has been primarily studied for the sulfamyl- 
ureas, it  is equally applicable to  the determination of 
the hypoglycemic sulfonylureas. The high blanks 
caused by hemolyzed plasma samples in currently 
used sulfonylurea assays have been eliminated in the 
assay described. 

however, that both the sulfonyl and sulfamylureas 
are stable when heated alone in pure hexyl acetate but 
that prior washing of the hexyl acetate with dilute 
hydrochloric acid causes the reaction to proceed 
smoothly. The requirement of both acid and water 
becomes clear from the preceding discussion of 
the reactions involved. 

The analytical method described for the fluorine 
containing sulfamylureas is novel because direct 
use is made of the fluorine substituent in the mole- 
cule. The electronegativity of the pentafluoro- 
propyl group increases the a a d  strength of the series, 
evidenced by a decrease in pRa [from 7.6 to 8.3 in 
the cycloalkyl series to  6.5 in the pentafluoropropyl 
series (3)], enhancing the acid stability of these 
compounds to  the point where they are resistant 
to hydrolysis under the assay conditions described 
for the sulfamylureas of the cycloalkyl series. The 
plasma and urine blank values in the combustion 
assay are low (a. 1 mcg./ml.), being limited more 
by the cleanliness of the analytical apparatus than 
by biological contaminants. 

The DNFB assay has been most extensively 
studied in the sulfamylurea series, but is also 
applicable to  the sulfonylureas (tolbutamide, 
chlorpropamide,’ acetohexamide, and cycloheptol- 
amide). Plasma and urine blanks are low (about 
5 mcg./ml.) and the assay has a wide range (10- 
200 mcg./ml.). 

SUMMARY 
Assays for sulfamylurea hypoglycemic agents and 

their metabolites in blood plasma and urine have 
1 Considerable early work on the application of the Spingler 

assay (4) t o  chlorpropamide was carried out by Dr. R. L. 
Wagner of these laboratories. The authors ratdully 
acknowledge the help given in this study by Dr. fVagner’s 
initial investigations. 
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Relation of pH to Preservative Effectiveness I1 

Neutral and Basic Media 

By BIUIE WICKLIFFE and DURWARD N. ENTREKIN 

Liquid uypticase soy broth media was buflered with Prideaux and Ward’s universal 
b&er to neutral and basic pH levels Preservative solutions 

inoculation of the tubes with a slum obtained from soil samples suspended in  water, 
these reparations were examind for preservative efTectiveness over a 6-month 
perlob In most cases preservative effectiveness varied with pH alteration. The 
preservative activity ranged from ne li ible with cinnamic acid and some of its 
derivatives, the amides of bromal and fidloroacetaldehyde, sorbic acid and dehydro- 
acetic acid-sodium, to fair i n  the case of parabens and salicylanilide, to good with 
ceuimide, chlorophenesin, vanillic acid esters, hexylresorcinol, hexachlorophene, 

and phenylethanol. 

H 7 t o  10 inclusive). 
of various concentrations were ad 9 ed to tubes containing the media After 

HE DEGREE of dissociation and the pH have 
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servatives to  act in a chemical or physical way to 
Tbeen shown to influence the ability of pre- prevent multiplication of organisms (1-3). T h e  
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