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Abstract--The absorption, excretion, and fate of orally administered chlorphenesin 
carbamate-aH have been studied in the dog. The drug was well absorbed, with about 
67-79 per cent of a single oral dose of 100 mg/kg appearing in the urine within 48 hr 
and only 4-12 per cent in the fetes. 

Approximately 81 per cent of the urine radioactivity was present in neutral meta- 
bolites or their conjugates while 19 per cent of the radioactivity appeared as free or 
conjugated acidic metabolites. The major urinary metabolite in the dog, accounting 
for 59 per cent of the radioactivity in O-12 hr and 32 per cent of the radioactivity in 
12-48 hr, was a glucuronide of chlorphenesin carbamate. An additional 25 per cent of 
the radioactivity in urine was accounted for as the free drug or its sulfate conjugate. 
The major acidic metabolites in dog urine were p-chlorophenol, p-chlorophenoxylactic 
acid, and p-chlorophenoxyacetic acid. Several additional minor acidic and neutral 
metabolites also were isolated and characterized. 

CHLORPHENESIN carbamate (3-[p-chlorophenoxy]- 1 ,Zpropanediol- I-carbamate)t is a 
new skeletal muscle relaxant recently described by Matthews et al.l Studies of the 
metabolism of chlorphenesin carbamate indicate that a substantial portion of the 
administered drug is oxidized to a number of acidic metabolites by the rat.2 In the 
human, however, the drug undergoes little oxidation and is excreted mainly as a 
glucuronide conjugate.29 a 

The related drug mephenesin (3-[o-methylphenoxy]-1,2-propanediol) is rapidly 
oxidized in vivo and excreted primarily as ,%(o-methylphenoxy)-lactic acid.4~s When 
the terminal carbon group of mephenesin is protected by formation of the carbamate 
ester, the resulting drug mephenesin carbamate shows an increased efficiency, 
apparently due to its decreased rate of oxidation and metabolic inactivation.+-11 
Hence, the principal urinary metabolite of mephenesin carbamate in dogs is a con- 
jugate of the unmodified drug. 1s Studies with another related drug methocarbamol in 
dogs confirmed that th.e carbamate ester group is not hydrolyzed in vivo, since the 
drug is excreted primarily as a glucuronide conjugate.rs The carbamate groups of 
other drugs also were found to be quite stable in vivo.l4* 15 

In view of the observed differences in the stability of the carbamate ester group of 
chlorphenesin carbamate in the rats and human ,21 3 it was of interest to investigate 
its fate in a third test species. Therefore, a detailed investigation of the absorption, 
excretion, and metabolism of tritium-labeled chlorphenesin carbamate has now been 
carried out in the dog. 

* Present address: Biology Department, Pacific Northwest Laboratory, Batelle Memorial Institute, 
Richland,,Washington. 

t Registered by The Uphohn Co. under the trade name Maolate. 
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METHODS 

Chlorphenesin carbamateJH. Tritium-labeled chlorphenesin carbamate was pre- 

pared by gaseous exchange procedure and thoroughly purified.* The resulting product 
(4.5 pclmg) was radiochemically and chemically pure as evidenced by paper chromato- 
graphy, infrared and ultraviolet spectra, elemental analysis, and melting point. 

Radioactivity measurement. All counting was performed on a Tri-Carb 314X or 
314EX-2A liquid scintillation spectrometer (Packard Instrument Co., La Grange, 
Ill.) at settings suitable for measurement of tritium. Aliquots of urine, water, or 
organic solvents were counted in 10 ml of diotol scintillator [toluene:dioxane: 
methanol (350:350:210 by volume) containing 73 g naphthalene, 4.6 g 2,5-diphenyl- 
oxazole (PPO), and 0.080 g 1,4-bis-2-(5-phenyloxazolyl)-benzene (POPOP) per liter]. 
The tritiated water content of urine samples was determined by counting aliquots of 
water obtained by lyophilization of urine. Dried blood and fetal samples were burned 
in an atmosphere of oxygen,16 and the resulting water was trapped and counted. All 
samples were recounted after addition of tritium-labeled toluene internal standard and 
the results then expressed as disintegrations per minute (dis/min). 

Animal studies. Three female beagle dogs (9.90, 13.55, and 9.80 kg) were fasted 
overnight; each animal then was given orally one gelatin capsule containing 1.00 g 
and I.73 x 108 dis/min of tritium-labeled chlorphenesin carbamate. Blood samples 
were taken from the jugular vein of the unanesthetized dogs at 0.5, 1, 2, 4, 6, 8, 12, 
and 24 hr and the blood immediately frozen for eventual lyophilization. Urine was 
removed from each dog by catheterization after 2, 4, 8, 12, and 24 hr respectively. 
The animals were then placed in individual metabolism cages and urine collected at 
24-hr intervals over 8 days. Fetes were collected at 24-hr intervals, homogenized with 
water, and aliquots lyophilized to dryness. 

In order to examine the effect of sex upon the metabolism of chlorphenesin carba- 
mate and to obtain sufficient quantities of metabolites for identification purposes, 
two male (9.4 and 9.6 kg) and two female (9.4 and IO.4 kg) beagle dogs were each given 
capsules containing 1.0 g nonradioactive chlorphenesin carbamate every 24 hr for 
5 days. The urine was collected from each dog over a 6-day period and pooled according 
to sex. The pooled male and female dog urines were then hydrolyzed and extracted 
as described below. 

Extraction of metabolites. Pooled urine samples were adjusted to pH 2 with glacial 
acetic acid and extracted 5 times with l/3 volume chloroform to remove the noncon- 
jugated metabolites. This extract was in turn fractionated into a nonconjugated acidic 
fraction and a nonconjugatedneutralfraction by basic washing of the chloroform extract 
and subsequent re-extraction of the acidified basic wash. The urine residue then was 
adjusted to pH 5 and incubated under toluene with a P-glucuronidase preparation 
(Ketodase; Warner-Chilcott Co., Morris Plains, N.J.) at 37” for 120 hr. The incubation 
mixture was again adjusted to pH 2, extracted exhaustively with chloroform, and the 
chloroform extract separated into glucuronide acidic and glucuronide neutral sub- 
fractions. Finally, the urine residue from the above extraction was readjusted to pH 5 
and incubated under toluene at 37” for 120 hr with a combination sulfatase and 
/?-glucuronidase preparation (Glusulase; Endo Laboratories, Inc., Richmond Hill, 
N.Y.). The digest was adjusted to pH 2, extracted five times with l/3 volume chloro- 

* R. C. Thomas, D. R. Buhler and G. J. Ikeda, in preparation. 
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Form, and the chloroform extract separated into .&fate acidic and sulfate neutral 
fractions. All chloroform extracts were concentrated in uac~o with a minimum of 
heating and with cooling of the condensing flasks in dry ice-methanol in order to 
minimize the loss of volatile metabolites. The urine hydrolysis and extraction pro- 
cedure is shown diagrammatically in Fig. 1. 

Urine 

CH& I 
Aqueous 

I I 
I I 

Nonconpgatecl Nonconpgated 
Neutral Acick 

16Glucuronidase 
hydrolysis 

I 

CHCI, A&ol@ 

neutral acldlc 
Salfatase 

hydr?ysis 

CI-k-1, Aqukous 

+___; I 
I Unex&acted 

Strlf,lte Sulfate 
ncutlal acidic 

FIG. I. Urine hydrolysis and e&action flow chart. 

Chromatography. Paper chromatography of neutral metabolites was performed in 
the Bush B-5 system, benzene:methanol:water (10:5:5)l7 or the FBW system, paper 
impregnated with formamide, mobile-phase butyl acetate :formamide :water (100:5:5).1* 
Acidic metabolites were chromatographed in isopropanol:aqueous ammonia:water 
(8:l :l) (IAW); benzene:propionic acid:water (2:2:1) (BPW); chloroform:methanol: 
formic acid:water (1000:100:4:96) (CMF); and benzene:acetic acid:water (1 :I :2) 
(BZAW). Dried paper ~llromatograms were examined under U.V. light, Carbamatcs 
were detected with the sodium hypochlorite spray,2 acids were visualized by spraying 
with 0.1% bromphenol blue indicator, and phenolic compounds were detected with 
diazotized sulfanilic acid. 

Dried blood samples were leached overnight with 90% aqueous methanol, filtered, 
the filtrates evaporated to dryness in uacuo, and aliquots chromatographed on paper 
in the IAW system. The dried radioactive chromatograms were cut into sequential 
l-cm portions, the strips transferred to individual counting vials containing 1 ml 
methanolic Hyamine hydroxide (Packard Instrument Co., La Grange, RI.), and the 
vials allowed to stand at 25” for 16 hr. Diotol(l0 ml) was added to each vial and the 
vials then counted in the usual manner. 
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Thin-layer chromatography (TLC) of neutral metabolites was performed on alumina 
CF (Brinkmann Instrument Co., Great Neck, N.Y.) and developed in ethyl acetate: 
cyclohexane (1:3). Acidic metabolites were fractionated on silica gel plates eluted with 
BPW, CMF, or methanol:~hloroform (I :4). Radioactive zones were located by 
transferring sequential l-cm portions along one edge of a streaked plate to individua1 
counting vials and counting in the usual manner, with 10 ml diotol containing O-3 ml 
water. Neutral compounds were eluted from silica gel with methanol and the evapor- 
ated extract leached with methylene chloride. Acids were eluted with 0.1 N hydro- 
chloric acid which was then extracted with methylene chloride. 

Neutral metabolitcs were separated on a column 4.8 x 69 cm made from 384 g of 
acid-washed Celite 545 which had been previously mixed with 346 ml of 70 % methanol 
saturated with cyclohexane. Elution was initiated with the organic phase of cyclo- 
hexane :methanol :water (20:7 :3) and continued with cyclohexane :benzene :methanol : 
water (10:10:7:3), benzene:methanol:water (20:7:3) and benzene:ethyl acetate: 
methanol :water (19 : I:7 :3). Flow rate was maintained at 80 ml/hr, and 20-ml fractions 
were collected. 

Certain neutral fractions were further purjfied by chromatography on small Florisil 
columns eluted with acetone-isooctane mixtures of increasing polarity. 

Acidic metabolites were separated on a silica gel column (3.7 x 92 cm) containing 
500 g silica gel mixed with 500 ml O-05 M citrate buffer, pH 3.42. Elution was initiated 
with chIoroform saturated with btier and continued with O-5 % ethanol plus 99.5 % 
chloroform saturated with buffer. Twenty-lnl fractions were collected at a flow rate 
of 60 ml/hr. 

KESULTS 

The recovery of radioactivity in the urine and fetes of dogs after an oral dose of 
tritium-labeled ~hlorphenesin carbamate is summari~d in Table I. The data demon- 
strate that the orally administered drug was well absorbed and then excreted primarily 

TABLE 1. EXCRETION OF RADIOACTIVITY FROM DOGS AFTER ORAL ADMINISTRATION 

OFTRITIUM-LABELED CHLORPHENESIN CARBAMATE 

‘A Dose in urine % Dose in fetes ‘A Dose as THO in urine 
Time - 
(hr) Dog A DogB ~ Dog C Dog A Dog BDog C Dog A Dog B Dog C 

~-_l___-- 

z 12.3 6.65 7.80 5.66 17.5 5.22 I : f 00162 0.0116 0+059 0.0370 0.0247 00270 
4-8 11.2 25.43 22.9 0.0444 00379 0.0223 
8-12 8.50 13.65 1295 

: : : 
0@480 0*0414 0.0386 

i 2-24 9.80 19.5 0.32* 10‘5 4.41 3.11 0.0496 0.103 0*0120* 
24-48 18.6 6.88 16.4 1.62 1.43 1.01 0.682 0.405 1.360 
$1;; 2.20 1.90 1.28 1.79 2.12 1.42 ! 0’ 0.37 0.129 0,275 0,192 0.244 0.0842 

96-120 1.18 1~68 0.99 0.23 0.81 4k 0.169 EZ * 
;;:I:;;: 026 02.5 0.49 0.51 0.40 0.15 0.16 0 0.047 0.041 0.47 0.21 o-121 0.257 R’::: 0.202 ’ 0.175 0.142 
168-192 0.11 o-31 0.12 0 0.028 0 0.127 0.133 0.220 

------w--P- 
Total 72.95 84.95 80.49 1251 6.77 9.33 1.93 1.90 262 

* Lost part. t No excretion. 
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via the urine. Approximately 50 to 70 per cent of the dose was eliminated during the 
initial 24 hr, and the total recovery of radioactivity in both urine and fetes after 
8 days ranged between 85.5 per cent and 91.7 per cent of the dose. Examination 
of the urine from dogs A, B, and C showed that l-93,1*90, and 2.62 per cent of the dose, 
respectively, was excreted into the urine as tritiated water. After 5 days the bulk of the 
radioactivity in urine was present as tritiated water (Table 1). Excretion at the time, 
therefore, largely reflected the biological half-life of tritiated water rather than 
continued excretion of drug. 

Peak blood radioactivity levels occurred 2-3 hr after oral administration of tritiated 
chlorphenesin carbamate (Fig. 2). Radioactivity decreased initially with a half-life 

I * 
0 5 

lTqlE ~~~~~~ 
20 25 

FIL 2. Scmilogarithmic plot of blood radioactivity in dogs that received an 
oral dose of chlorphenesin carbamate-3H. 

of about 2.5 hr, but a second slower process soon predominated with a half-life of 
about 25 hr. Scans of blood extract chromatograms indicated that the free drug 
disappeared from the blood within about 2 hr. Chlorphenesin carbamate O-glucuronide 
(IAW Rf 0.35) was present in maximal concentration in blood at 4 hr and thereafter 
decreased with a half-life of 2.7 hr. Chromatography showed that the subsequent 
longer rate process with a half-life of 25 hr represented mainly the disappearance of 
chlorphenesin carbamate metabolites from the blood. 

Urine was extracted as previously described, and the distribution of radioactivity 
is presented in Table 2. The dog excreted initially a major portion of orally administered 
chlorphenesin carbamate into the urine as neutral metabolites. A substantial increase 
in the excretion of acidic metabolites was observed in subsequent urine samples 
along with a marked decrease in the proportion of conjugated metabolites. 

Chlorphenesin carbamate (metabolite N-l) was the only radioactive material 
present in concentrations sufficient for detection by paper chromatography in the 
0 to 12-hr gIucuronide and sulfate neutral extract fractions and in all 12 to 48-hr 
neutral extract fractions. No trace of the parent drug chtorphenesin was found in any 
neutral fraction. 
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The glucuronide and sulfate neutral fractions from the 0 to 12-hr and 12 to 4%hr 
urine collections were recrystallized twice from methylene chloride (charcoal treatment) 
to yield crystalline products. The melting points, elemental analyses, infrared spectra,* 
and nuclear magnetic resonance7 (NMR) spectra confirmed their identity with 
authentic chlorphenesin carbamate. 

TABLE 2. DISTRIBUTION OF URINE RADIOACTIVITY FROM DOGS RECEIVING TRITIUM- 
LABELED CHLORPHENESIN CARBAMATE 

Fraction 
‘A Total urine radioactivity 

-___- 
O-12 hr* 12-48 hrt 

Nonconjugated neutral extract 0.89 15.0 
Nonconjugated acid extract 2.32 17.2 
Glucuronide neutral extract 58.9 31.8 
Glucuronide acid extract 2.32 2.47 
Sulfate neutral extract 24.4 13.1 
Sulfate acid extract 2.44 10.8 
Unextracted 589 4.48 

--__- __I- 
Total 97.2 93.9 

Neutral total 84.2 58.9 
Acidic total 7.08 30.5 

* Total urine radioactivity 2.46 x lo* dis/min, 475 per cent of the dose. 
t Total urine radioactivity 1.77 x 10s dis/min, 34.2 per cent of the dose. 

TABLE 3. PROPERTIES OF CHLORPHENESIN CARBAMATE RECOVERED FROM URINE EXTRACTS 

OF DOGS RECEIVING TRITIUM-LABELED CHLORPHENESIN CARBAMATE 

Fraction 
Weight of Elemental analyses: 

isolate* Melting [a]nt 
(mg) point 107/mmole) C H N Cl 

0- 12-hr Nonconjugated 6,380 88-89” 0” 
neutral 5 

0- 12-hr Glucuronide 605 88-90” -6” 
neutral 

0- 12-hr Sulfate neutral 164 86-87” -7” 

12-n&%~;,Nonconjugated 26 87-88” 0” 

12- 48-hr Glucuronide 139 87-88” 0” 
neutral 

12- 48-hr Sulfate neutral 19 84-85” 0” 

49.07 5.16 5.74 14.87 

4.01 48.47 522 6.15 14.28 

3.90 49.20 5.02 14.30 

4.00 48.76 5.11 

3.93 48.89 4.83 

4.20 48.16 4.88 

*All isolates exhibited an infrared spectrum identical with that of authentic chlorphenesin 
carbamate. 

t Carried out in chloroform at a concentration of about 0.70 g/100 ml. 
$ Theoretical for CIOH~ZCINO~: C, 48.89; H, 4.92; N, 5.70; Cl, 14.43. 
S This fraction was diluted with nonradioactive carrier as described in the text. 

The 12 to 48-hr nonconjugated neutral fraction was chromatographed on a small 
Florisil column. The major radioactive zone eluted from the column with acetone was 
purified and identified as chlorphenesin carbamate, as previously described (Table 3). 

* KBr pellet i.r. spectra were obtained in a Perkin-Elmer model 421 apparatus. 
t Determined in CDCla in a Varian model A-60 apparatus. The authors are indebted to G. Slomp 

and F. MacKellar, Physical and Analytical Chemistry Research, The Upjohn Co., for these analyses. 
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A minor radioactive zone eluted from the column with acetone:isooctane (1:4) 

contained a minor neutral metabolite (designated metabolite N-4) with chromato- 
graphic properties as outlined in Table 4. 

TABLE 4. CHROMATOGRAPHIC PROPERTIES AND CARBAMATE REACTION OF NEUTRAL 

URINARY METABOLITES FROM DOGS RECEIVING TRITIUM-LABELED CHLORPHENESIN 

CARBAMATE 

R, Value in solvent* 
Metabolite Probable identity __---- U.V. Carbamate test 

A B 

N-l Chlorphenesin carbamate 0.45 0.55 + + 
N-2 0.08 0.08 _c + 

N-3 0.40 0.41 N-4 0.40 0.85 :: - 

* The solvent systems employed were: A. FBW; and B, Bush B-5. 

In addition to chlorphenesin carbamate and metabolite N-4, the 0 to 12-hr non- 
conjugated neutral fraction contained two additional minor neutral components, 
metabolite N-2 and metabolite N-3 (Table 4). To provide sufficient material for 
identification of the minor neutral compounds, the radioactive 0 to 12-hr noncon- 
jugated neutral extract (121 mg, 2.19 x 106 dis/min) was pooled with the neutral 
extracts from a study with nonradioactive chlorphenesin carbamate (no differences 
had been observed in the chromatography patterns from male and female dogs). 
The combined neutral extract was fractionated on a Celite column and the major 

radioactive eluate purified and characterized as chlorphenesin carbamate (Table 3). The 
remaining column fractions were pooled (2.43 g, 7.98 x 105 dis/min) and chromato- 
graphed on a small Florisil column. A radioactive material eluted from the column 
with acetone:isooctane (1:4) and (3 :7) gave 295 mg material containing 7.34 x lOa 
dpm. This neutral metabolite proved volatile and exhibited chromatographic properties 
similar to those of metabolite N-4 (Table 4). Chromatography of an aliquot of the 
impure material on silica gel GF developed with ethyl acetate:cyclohexane (1:3) 
gave a u.v.-absorbing radioactive zone with an Rf of 0.21. Upon elution of the zone 
with acetone, a glassy material was recovered which exhibited an i.r. spectrum with 
h,,, at 3380, 1735, 1590, 1270, 1140, 1096 and 825 cm-1. Attempts to crystallize or 
characterize this material further were unsuccessful, but the data suggest that metabolite 
N-4 could be a compound such as I-(p-chlorophenoxy)-3-hydroxy-2-propanone. 

Sufficient quantities of metabolites N-2 and N-3 could not be recovered from the 
remaining column fractions to attempt further characterization. The lack of suitable 
reference standards has precluded more definitive identification of these minor neutral 

metabolites. 
Examination of the 0 to 12-hr acidic extract fractions by paper chromatography 

showed four major acidic metabolites which have been designated metabolites A-2, 
A-4, A-6 and A-10. The chromatographic properties of these major metabolites and 
those of a number of minor metabolites are summarized in Table 5. The nonconjugated 
acidic extract contained primarily metabolite A-4 and a smaller amount of metabolite 
A-10. The major component of the glucuronide acidic extract fraction was metabolite 



k!
! 

P
 

T
A
B
L
E
 
5
.
 ~
H
R
O
M
A
T
~
G
R
A
P
H
I
C
 

P
R
O
P
E
R
T
I
E
S
,
 C
O
L
O
R
 
R
E
A
C
T
I
O
N
S
 A
N
D
 
R
E
L
A
T
I
V
E
 D
I
S
T
R
r
B
U
r
l
O
N
 O
F
 

0 
T
O
 
I
i
?
-
H
R
 U
R
I
N
A
R
Y
 
M
E
T
A
B
O
L
I
T
E
S
 F
R
O
M
 

D
O
G
S
 
R
E
C
E
I
V
I
N
G
 T
R
I
T
I
U
M
-
L
A
B
E
L
E
D
 C
H
L
O
R
P
H
E
N
E
S
I
N
 
C
A
R
B
A
M
A
T
E
 

R
, 

V
al

ue
 

in
 s

ol
ve

nt
t 

C
ol

or
 

re
ac

tio
ns

: 
M

et
ab

ol
ite

 
Fr

ac
tio

n 
Pr

ob
ab

le
 

id
en

tit
y 

“/
, o

f 
T

ot
al

 
ac

id
 

--
-..

-_
- 

--
 

-_
_ 

nu
m

be
r*

 
ra

di
oa

ct
iv

ity
 

A
 

B
 

C
 

D
 

U
.V

. 
A

 
B

 
C

 

A
-2

 
30

-4
3 

A
-4

 
60

-1
05

 

A
-5

 
12

0-
13

0 

A
-6

(N
-1

) 
I 

13
8-

16
2 

A
-1

0 
16

5-
19

2 

A
-1

1 
25

3-
26

2 
A

-1
2 

25
3-

26
2 

A
-1

3 
34

5-
38

2 

p-
C

hl
or

op
he

no
f 

29
2 

p-
C

hl
or

op
he

no
xy

ac
et

ic
 

ac
id

 
(m

.p
. 

15
61

57
”)

 
12

.4
 

1.
18

 

C
hl

or
ph

en
es

in
 

ca
rb

am
at

e 
(m

.p
. 

88
-9

4”
) 

p-
C

hl
or

op
he

no
xy

la
ct

ic
 

ac
id

 
(m

.p
. 

13
7-

l 
37

.5
”)

 
45

.8
 

>
 

1 .
I4

 

(m
.p

_ 
19

4-
19

5 
‘)

 
8.

69
 

0.
81

 
0.

77
 

0.
87

 
09

0 
+

 
- 

re
d-

or
an

ge
 

0.
51

 
0.

75
 

08
8 

0.
81

 
-I

- 
-J

r 

0.
82

 
0.

56
 

+
 

i 

0.
75

 
06

6 
0.

76
 

-I
- 

- 
ye

llo
w

 
i-

 

0.
55

 
0.

50
 

@
81

 
0.

48
 

-+
 

-I
- 

8%
 

05
9 

0.
90

 
0.

80
 

0.
81

 
0.

48
 

0.
11

 

&
 

i-
 

ye
llo

w
 

- 
or

an
ge

 

* 
A

 3
.6

 r
: 

92
 c

m
 c

ol
um

n 
w

as
 p

re
pa

re
d 

fr
om

 
50

0 
g 

si
lic

a 
ge

l 
m

ix
ed

 
w

ith
 2

50
 m

l 
0.

05
 M

 c
itr

at
e 

bu
ff

er
, 

pH
 3

.4
2,

 a
nd

 
el

ut
ed

 
w

ith
 c

hl
or

of
or

m
 

(f
ra

ct
io

ns
 

l-
10

9)
, 

99
.5

 %
 c

hl
or

of
or

m
 

+
 

05
 %

 e
th

an
ol

 
{f

ra
ct

io
ns

 
11

0-
21

3)
, 

99
 %

 c
hl

or
of

or
m

 
t_

 1
%

 e
th

an
ol

 
(f

ra
ct

io
ns

 
21

42
78

),
 

an
d 

97
.5

 %
 c

hl
or

of
or

m
 

+
 

25
 %

 e
th

an
ol

 
(f

ra
ct

io
ns

 
27

9-
38

2)
. 

T
w

en
ty

-m
l 

fr
ac

tio
ns

 
w

er
e 

co
lle

ct
ed

 
at

 a
 A

ow
 r

at
e 

of
 6

0 
m

l/h
r.

 

+
 T

he
 s

ol
ve

nt
 

sy
st

em
s 

w
er

e:
 

A
, 

IA
W

; 
B

, 
B

PW
; 

C
, 

C
M

F;
 

an
d 

D
, 

B
Z

A
W

. 
: 

Sp
ra

y 
re

ag
en

ts
 

w
er

e:
 

A
, 

br
on

~p
he

no
l 

bl
ue

 i
nd

ic
at

or
; 

B
, 

di
az

ot
iz

ed
 

su
lf

an
ili

c 
ac

id
; 

an
d 

C
, 

so
di

um
 

hy
po

ch
lo

ri
te

 
re

ag
en

t. 
3 

Id
en

tif
ie

d 
as

 c
hl

or
ph

en
es

in
 

ca
rb

am
at

e 
co

nt
am

in
at

io
n,

 
an

d 
th

er
ef

or
e 

no
t 

lis
te

d 
in

 a
ci

d 
ra

di
oa

ct
iv

ity
. 



Metabolism of chlorphenesin carbamate in dog 1515 

A-6 with smaller quantities of metabolites A-2, A-4 and A-IO. The sulfate acidic 
fraction contained principally metabolite A-2 with smaller quantities of metabolites 
A-6 and A-IO. 

In order to provide sufficient quantities of acidic metabolites for isolation and 
characterization purposes, the 0 to 12-hr nonconjugated acidic, glucuronide acidic, 
and sulfate acidic extracts were pooled and an aliquot (339 mg, 1.14 x 107 dis/min) 
combined with the total acidic extract (2.56 g) from the study with nonradioactive 
chlorphenesin carbamate. The resulting fraction then was chromatographed on a silica 
gel column. The paper chromatographic properties, spray reaction, order of elution, 
relative distribution, and probable identification of the acidic metabolites are sum- 
marized in Table 5. 

Metabolite A-2 was found to be very volatile and was easily lost unless special 
precautions were observed during isolation. Paper chromatography of the combined 
metabolite A-2 fractions demonstrated that this metabolite was phenolic and that 
it resembled authentic p-chlorophenol in its chromatographic properties. Vapor- 
phase chromatography* of metabolite A-2 and reference y-chlorophenol indicated 
that both compounds had identical retention times (8.2 min) and that a mixture of the 
two gave one symmetrical peak. Evaporation of an aliquot of metabolite A-2 as a 
film on the surface of a sodium chloride block (other techniques led to the complete 
loss of metabolite) gave an infrared spectrum which was identical with that of authentic 
p-chlorophenol. 

The major portion of the metabolite A-2 fraction was condensed with an excess of 
chloroacetic acid (Distillation Products. Inc., Rochester, N.Y.) under basic conditions 
to give p-chlorophenoxyacetic acid. The crude reaction product was recrystallized 
from methylene chloride and then from ethylene chloride to give 43 mg crystals, m.p. 
155~5-156~5”. The m.p. of authentic p-chlorophenoxyacetic acid was 157-158O.s 
The i.r. spectrum of this material was identical with that of referencep-chlorophenoxy- 
acetic acid. Anal. Calcd. for CsH70sCl: C, 51.49; H, 3.78. found: C, 50.82; H, 3.99. 
These data identify metabolite A-2 as p-chlorophenol. 

The combined column fractions containing the acid, metabolite A-4, were re- 
crystallized from methylene chloride and then from ethylene dichloride to yield 
91 mg crystals, m.p. 156-157”. The i.r. spectrum of the purified metabolite was 
identical with that for authentic p-chlorophenoxyacetic acid. Anal. Calcd. fat 
CsH70sCl: C, 51.49; H, 3.78. Found: C, 51.08; H, 3.99. 

Paper chromatography of the metabolite A-6 peak showed a single radioactive 
component which did not react with bromphenol blue or with diazotized sulfanilic 
acid but which gave a positive test for the carbamate group. The material exhibited 
chromatographic properties identical with those of authentic chlorphenesin carbamate, 
including identical mobilities (31.5 cm) in the Bush B-5 system. The crude metabolite 
A-6 was purified by chromatography on a small Florisil column. After elution with 
acetone, the crude metabolite was crystallized from methylene chloride to give 5 mg 
product melting at 88-94”. A portion of the impure material was streaked at the 
origin of a 10 x 20 cm alumina GF plate adjacent to a spot of authentic chlorphenesin 

* Carried out on an F and M model 609 flame ionization gas chromatograph with a quarter-inch 
coiled glass column containing 2.6% Carbowax 20M on 100-200 mesh Gas Chrom 2. Column 
temperature 140”, injection port temperature 300”, and detector temperature 290”. The authors are 
indebted to R. E. Nygren, Physical and Analytical Chemistry Research, The Upjohn Co., for these 
analyses. 
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carbamate. The plate was developed in methanol:chloroform (I :4). The metabolite 
A-6 peak (& 0.82) had the same mobility as the reference standard. The i.r. spectrum 
of the eluted metabolite was found to be identical with that of authentic chlorphenesin 
carbamate, confirming the identification of metabolite A-6 with chlorphenesin 
carbamate. The presence of this neutral metabolite in the acid extracts probably 
resulted from an incomplete extraction of the very large quantities of neutral metabolite 
present during the initial fractionation procedure. Alternatively, presence of this 
neutral compound could reflect cleavage of an acid-labile acidic conjugate of chlor- 

phenesin carbamate during the isolation process. 
The major acidic metabolite of dog, metabolite A-10, was an acid that chromato- 

graphed in a manner similar to that of p-chlorophenoxylactic acid. The fraction was 
twice recrystallized from methylene chloride to yield 47 mg crystals, m.p. 137-137.5” 
(the melting point of authentic dl-p-chlorophenoxylactic acid is 137*5-138”)2 and 
[a]~ = 0” (C = 0.58, methanol). The i.r. spectrum of the purified metabolite was 
identical with that of authentic p-chlorophenoxylactic acid. Anal. Calcd. for 

CgHgOKl: C, 49.90; H, 4.18. Found: C, 49.80 H, 4.75. 
Metabolites A-l 1 and A-12 were eluted from the column together in approximately 

equal concentration. Metabolite A-11 was an acid that exhibited chromatographic 
properties very similar to those of authentic p-chlorophenoxyaceturic acid.* Meta- 
bolite A-12 was a phenolic acid which did not appear identical with any of the available 
reference standards. The small quantities of both metabolites prevented further 
characterization. 

Crude metabolite A-13 (242 mg, 6.04 x 105 dis/min) was recrystallized twice from 
acetone-Skellysolve B to yield crystals, m.p. 187-188”. The purified material proved 
to be nonradioactive, and i.r. analysis indicated that the crystalline product was 
identical with hippuric acid. The filtrates from the above crystallizations containing 
all the initial radioactivity were streaked at the origin of two 20-cm2 silica gel plates 
and developed in BPW. The U.V. absorbing radioactive zones (Rf O-43) were separated 
from large bands of residual hippuric acid (IQ 0.25). Radioactive areas were scraped 
from the plates, eluted with O-1 N HCl and metabolite A-13 recovered after ethyl 
acetate extraction. The crude metabolite was recrystallized from acetone-Skellysolve 
B to yield 11 mg crystals, m.p. 194.5”. The i.r. spectrum showed h,,, at 3330, 1580, 
1485, 1230, 1085, 1005 and 820 cm--t. The identity of this metabolite has not been 

established. 
To examine the nature of the acidic metabolites excreted at a later time, the non- 

conjugated acidic, glucuronide acidic, and sulfate acidic extracts from the 12 to 
48-hr urine were combined (712 mg, 2.46 x 107 dis/min) and the pooled fraction 
separated on a silica gel column as previously described. In Table 6 are summarized 
the chromatographic properties, order of elution, probable identification, and per 
cent distribution of the various acidic metabolites excreted during this period. 

An aliquot of the chloroform solution containing metabolite A-2 from the 12 to 
48-hr acid extracts exhibited vapor-phase and paper chromatographic properties and 
an i.r. spectrum (salt block) identical with those of authentic p-chlorophenol. 

* Prepared by condensation of p-chlorophenoxyacetyl chloride with glycine under alkaline con- 
ditions. The crude product was twice recrystallized from aqueous methanol to yield crystals, m.p. 
144-5”. Anal. Calcd. for CIUHIOCINOJ: C, 49.29: H, 4.14; N, 5.75; Cl, 14*55. Found: C, 49.29; 
H, 4.14: N, 5.90; Cl, 14.76. 



T
A

B
L

E
 6

. 
C

H
R

O
M

A
T

O
G

R
A

PH
IC

 PR
O

PE
R

T
IE

S,
 C

O
L

O
R

 R
E

A
C

T
IO

N
S,

 A
N

D
 R

E
L

A
T

IV
E

 D
IS

T
R

IB
U

T
IO

N
 O

F 
12

 T
O

 ~
&

-R
R

 U
R

IN
A

R
Y

 M
E

T
A

B
O

L
IT

E
S 

FR
O

M
 D

O
G

S 
R

E
C

E
IV

IN
G

 T
R

IT
IU

M
-L

A
B

E
L

E
D

 C
H

L
O

R
PI

IE
N

E
SI

N
 C
A

R
B

A
M

A
T

E
 

M
et

ab
ol

ite
 

-~
- 

A
-l 

A
-2

 

A
-3

 

A
-4

 

Fr
ac

tio
n 

nu
m

be
r*

 

16
-2

0 

22
-2

5 

44
-5

4 

56
-7

5 

A
-Y

 
84

-9
5 

A
-8

 
84

-9
5 

A
-P

 
96

-1
13

 

A
-1

0 
96

-1
13

 

A
-1

1 
28

2-
30

0 
A

-1
2 

28
2-

30
0 

A
-1

3 
32

5-
34

0 

Pr
ob

ab
le

 i
de

nt
ity

 
R

t 
V

al
ue

 i
n 

so
lv

en
tf

 
C

ol
or

 r
ea

ct
io

ns
: 

%
 o

f 
T

ot
al

 a
ci

d 
U

.V
. 

ra
di

oa
ct

iv
ity

 
A

 
B

 
A

 
B

 

g 

p-
C

hl
or

op
he

no
l 

p-
C

hl
or

op
he

no
xy

ac
et

ic
 

ac
id

 
(m

-p
. 

15
3-

15
4”

) 

(m
.p

. 
93

-9
4’

) 

(m
.p

. 
11

9-
12

1”
) 

(m
.p

. 
10

0-
10

5”
) 

p-
C

hl
or

op
he

no
xy

l~
tic

 
ac

id
 

(m
.p

. 
13

5-
6’

) 

4.
07

 
07

7 

35
.9

 
0.

78
 

1.
10

 
0.

71
 

13
.6

 
0.

51
 

1.
91

 
0.

66
 

38
4 

0.
74

 

3.
71

 
0.

48
 

32
.4

 
0.

46
 

>
 

1.
46

 

2.
03

 

0.
63

 
0.

82
 

0.
66

 

%
 

08
7 

-i-
 

- 
ye

&
or

an
ge

 
k?

 
0.

91
 

+ 
re

d-
or

an
ge

 
=:

 
- 

B
 

0.
91

 
+ 

P
 

+ 
ye

l-
or

an
ge

 
B

 
0.

87
 

+ 
+-

 
%

 
Z

 
g 

0.
80

 
-t

 
-f

- 
re

d-
or

an
ge

 
K

 

0.
90

 
g 

+ 
-i-

 
ye

l-
or

an
ge

 
$.

 

0.
82

 
-t

 
f 

B
 

0.
17

 
-I

- 
-k

 
%

 
; 

0.
52

 
0.

90
 

k!
 

or
an

ge
 

=
’ 

: 
i. 

ye
l-

or
an

ge
 

0.
88

 
+ 

+ 
ye

l-
or

an
ge

 
c;

i; 

* 
A

 3
.0

 x
 

60
 c

m
 c

ol
um

n 
w

as
 p

re
pa

re
d 

fr
om

 2
00

 g
 s

ili
ca

 g
el

 m
ix

ed
 w

ith
 1

00
 m

l 
0.

1 
M

 c
itr

at
e 

bu
ff

er
, 

pH
 3

.1
, a

nd
 e

lu
te

d 
w

ith
 c

hl
or

of
or

m
 (

fr
ac

tio
ns

 l
-1

21
),

 
99

.5
 %

 ch
lo

ro
fo

rm
 -

t-
 0

5 
3 

et
ha

no
l 

(f
ra

ct
io

ns
 X

22
-2

09
),

 99
 %

 c
hl

or
of

or
m

 
+ 

1%
 e

th
an

ol
 (

fr
ac

tio
ns

 2
10

-2
70

),
 a

nd
 9

7-
5 %

 c
hl

or
of

or
m

 
-I

- 2
.5

 %
 e

th
an

ol
 

(f
ra

ct
io

ns
 

27
1-

37
3)

. T
w

el
ve

-m
l 

fr
ac

tto
ns

 w
er

e 
co

lle
ct

ed
 a

t 
a 

ho
w

 r
at

e 
of

 5
5 

m
l/h

r.
 

t 
T

he
 s

ol
ve

nt
 s

ys
te

m
s 

w
er

e:
 A

, 
L

4W
; 

an
d 

B
, C

M
F.

 
$ 

Sp
ra

y 
re

ag
en

ts
 w

er
e:

 A
, 

br
om

ph
en

ol
 

bl
ue

 i
nd

ic
at

or
; 

an
d 

B
, 

di
az

ot
iz

ed
 s

ul
fa

ni
lic

 a
ci

d.
 



1518 DONALD R. BUHLER, HARRY HARP~OTLIAN and R. L. JOHNSTON 

Condensation of a portion of metabolite A-2 with chloroacetic acid gave 5 mg 
crystals, m.p. 1X-157”, which exhibited chromatographic properties and i.r. spectrum 
identical with those of authentic p-chlorophenoxyacetic acid. The specific activity of 
the purified derivative was 3.15 x 107 dis~minlm-mole. 

Attempts to recrystallize metabolite A-4 failed. Therefore, an aliquot of the crude 
metabolite was purified via TLC on a 20-cm2 silica gel piate developed in BPW. The 
eluted radioactive zone (I+ 0.80) still containing impurities was rechromatographed on 
a 10 x 20 cm silica gel plate in the same solvent system. The radioactive zone (RI 0.67) 
was eluted to give 6 mg crystals, m.p. 153-154”, which showed chromatographic 
properties and i.r. spectrum identical with those of the referencep-chlorophenoxyacetic 
acid. The specific activity of the isolated material was 3.64 x 107 dislminlm-n~ole. 
Anal. Calcd. for CsH70aCl: C, 51.49; H, 3.78. Found: C, 52.15; H, 3.99. 

The pooled fraction confining metabolites A-7 and A-8 also contained a smali 
amount of metabolite A-10. The crude fraction (52 mg, 1.25 x 106 dis/min) was 
streaked at the origin of a 20-ems silica gel plate which then was developed in the BPW 
system. The radioactive bands of metabolite A-7 (RfO.40) and A-8 (Rf 0.69) were well 
separated from the small metabolite A-10 zone (Rf 0.16). The two u.v.-absorbing 
bands containing metabolites A-7 and A-8 were scraped from the plate and eluted. 
Crude metabolite A-7 was recrystallized from methylene chloride to yield 3 mg 
needles, m.p. 93-94”. The i-r. spectrum of this metabolite exhibited X,, at 3540, 
2600, 1740, 1600, 1585, 1495, 1245, 1170, 1125, 1045 and 850 cm-r; its identity 
has not been determined. 

Metabolite A-S was recrystallized from acetone-Skellysolve B to give 10 mg 
crystals, m.p. 119-121”. The i.r. spectrum of the purified metabolite showed h,, at 
3360,2700,2620,1615,1603, 1495,1235,1180, 1112,803 and 770 cm-l. This metabolite 
has not been characterized further. 

Chromatography of the major fraction ~ntaining metabolite A-10 showed evidence 
for a second minor component, metabolite A-9. Attempts to isolate metabolite A-10 
by ~rystallization were unsuc~ssful; therefore, the crude fraction (99 mg, 7.84 x IO6 
dis/min) was streaked at the origin of two 20-cm2 silica gel plates and chromatographed 
in BPW. The major radioactive zones (& 0.37) were scraped from the plates, eluted 
with acid, and the acid extracted with chloroform, The recovered metabolite A-10 
was recrystallized twice from methylene chloride to give 22 mg crystals, m.p. 135-l 36”, 
which possessed the same i.r. spectrum and chromatographic properties as those of 
reference p-chlorophenoxylactic acid. The specific activity of this material was 
3.71 x 107 dis~min~m-mole. Anal. Cal& for CsHpO&l: C, 49.90; H, 4.18. Found: 
C, 48.85; H, 3.93. 

The u.v.-absorbing band containing metabolite A-9 (IQ 0.57) was eluted and 
crystallized from methylene chloride to give crystals, m.p. 100-105”. The i.r. spec- 
trum of this acidic metabolite showed A mau at 3390, 2480, 1725, 1675, 1630, 1550, 
1495, 1245, 1215, 1175, 1095, 1060 and 820 em-l. The i.r. spectrum of metabolite 
A-9 proved identical with that of metabolite J previously isolated from the rat.2 
Metabolite A-9 has not been identified. 

Attempts to characterize further other acidic metabolites were unsuccessful because 
of the low concentrations of radioactive compounds in the various pooled fractions 
and the absence of appropriate reference standards. 
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DISCUSSION 
Orally administered chlorphenesin carbamate was quickly absorbed by the dog, 

with peak blood levels appearing 2-3 hr after ingestion. The drug was readily eliminated 
from the body as was shown by the initial rapid decrease in blood radioactivity 
(tg = 2.5 hr) and the high excretion of radioactivity during the first 24 hr. After 
8 days, approximately TO-80 per cent of the dose was eliminated into the urine and 
6-12 per cent into the fetes. The ratio of urinary to fetal excretion and the total 
recoveries of radioactivity from the dogs are quite comparable to those observed 
previously in the rat.2 

The principal urinary metabolite of chlorphenesin carbamate in the dog was the 
glucuronide conjugate of the drug (Fig. 3). This metabolite is assumed to be 
chlorphenesin carbamate 0-glucuronide, since the 0-glucuronide was the only glucuro- 
nidate of chlorphenesin carbamate detected previously in the rat and human.3 The 
0-glucuronide and sulfate conjugates of chlorphenesin carbamate accounted for the 
majority of the drug exj;reted in urine during the initial 12 hr after dosage with the 
tritiated drug (Table 2). A considerably smaller portion (7 per cent) of the urinary 
radioactivity was excreted in this period as acidic materials. A significant reduction 
in the concentration of neutral metabolites occurred in the 12 to 48-hr urine sample, 
with a concomitant increase in the concentrations of acidic products. In addition, 
the recovery of conjugated drug decreased in these later urine samples, whereas the 
concentrations of nonconjugated drug increased significantly. 

Optically active chlorphenesin carbamate was isolated after enzymatic cleavage 
of the 0-glucuronide and sulfate conjugates in the 0 to 12-hr urine sample, while 
chlorphenesin carbamate isolated from the 12 to 48-hr urine extracts failed to show 
such optical activity. The presence of optically active drug in the urine after admini- 
stration of a racemic mixture suggests either the preferential conjugation of one isomer 
of chlorphenesin carbamate or an enrichment in one isomer through selective ab- 
sorption, localization, hydrolysis, or oxidation of the second isomer. This stereo- 
chemical disparity subsequently disappeared, since both isomers were found in 
equal concentration in later urine samples. An analogous situation has been observed 
previously in the rat.21 C* Such stereochemical specificity in metabolism and excretion 
also has been reported with ethambutal,ls nirvanol,zO and noradrenaline. 

In addition to chlorphenesin carbamate and several unidentified neutral compounds, 
the dog excreted substantial quantities of a variety of acidic metabolites (Fig. 3). 
The majority of these products are probably formed after hydrolysis of the carbamate 
ester group. Such oxidations must take place very rapidly, since no trace of the initial 
hydrolysis product chlorphenesin was detected in the urine. Although cleavage of 
the carbamate group of chlorphenesin carbamate occurs to an appreciable extent in 
the dog and the rat,3 other carbamate-containing drugs such as mephenesincarbamate,12 
methocarbimol,13 meprobamate,l4 and mebutamatels appear to be quite stable 
in vivo. 

p-Chlorophenoxylactlc acid is apparently formed via oxidation of the terminal 
hydroxyl group of the initial hydrolysis product chlorphenesin. This acid then is 
probably decarboxylated to produce p-chlorophenoxyacetic acid. The formation of 
p-chlorophenol apparently does not proceed via p-chlorophenoxyacetic acid, since 
this acid is recovered unaltered in the urine of rabbits,22 and 2,4-dichlorophenoxyacetic 
acid is excreted unchanged by sheep .23 The p-chlorophenol may be produced by direct 



1520 DONALD R. BUHLER, HARRY HARP~~TLIAN and R. L. JOHNSTON 

” 
0 

0 
!a 



Metabolism of chlorphenesin carbamate in dog 1521 

cleavage”” of chlorphenesin carbamate or chlorphenesin. The origin of the majority of 
the minor acidic metabolites is unknown, but these compounds may represent phenoli~, 
aceturic, or mercapturic derivatives of the major urinary metabolites. 
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