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___Research Avrticles_

Biliary and Urinary Excretion Patterns of
Chlorpromazine in the Dog

By T. L. FLANAGAN, L. W. REYNOLDS{, W. J. NOVICK, T. H. LIN,
I. M. RONDISH, and E. J. VAN LOON

Chlorpromazine instilled intraduodenally in dogs was excreted in bile and urine
as “free” and “bound” chlorpromazine and chlorpromazine sulfoxide. Based upon

chromatographic studies an

ultraviolet analysis, chlorpromazine and its sulfoxide

undergo two types of binding. Strong alkaline treatment hydrolyzed one type while

treatment with g-glucuronidase hydrolyzed both types.

In urine, the concentra-

tion of the “bound” phenothiazines liberated by alkaline hydrolysis was 2-3 times

as great as the “free’’ material. In bile, the concentration of this type of “bound”

chlorpromazine and chlorpromazine sulfoxide wzs 10 to 15 times greater than the
“free” forms of these materials.

VARIOUS investigators have reported on the
urinary excretion of chlorpromazine and/or
its metabolic products in man and experimental
animals (1-9). Ross, Young, and Maass (10),
Walkenstein and Seifter {11), and Fishman and
Goldenberg (12) reported that the side chain
which is attached to the phenothiazine nucleus
is demethylated. Nadeau and Sobolewski (9)
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reported that B-glucuronidase treatment in-
creases the amount of phenothiazine-like ex-
tractable material from human urine, and Lin,
Reynolds, Rondish, and Van Loon (13) reported
on the isolation and characterization of glucuronic
acid conjugates of chlorpromazine in human
urine. Fyodorov (14) administered chlorpro-
mazine-S¥ to dogs and found that the bile was
distinguished by a high degree of radioactivity,
especially 3-6 hours after administration.

The purposes of the present studies were
(a) to obtain an insight into the distribution and
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metabolism of chlorpromazine by following its [ £ ‘[ -
biliary and urinary excretion in the anesthetized ngg’ o= | gé
dog and (b) by the use of chlorpromazine-S%, E,ﬁ £ _]4,: ne .. } T, ] ::,:;2
to study further the metabolites present in urine 3] e :g ottt
and to elucidate the type of binding in urine. - g ' go
> T E =
sEismoen | 5
EXPERIMENTAL LFEE ST B! .
TP <|l 1gz22¢
In the first cxperiments, mongrel female dogs E "33 E } 5; E:’ =
weighing approximately 10 Kg. were anesthetized ) Sl 2 LA L
by intraperitoneal pentobarbital and operated so 2o 2 | Ef E: -
as to expose the duodenum and the common bile s E S N :5:5 = [i_j SOF
duct. A polyethylene cannula was inserted into the 5_3% : S i
common bile duct about 1 in. above the major duo- g é Lk R
denal papilla and held in place by means of sutures. 53 5~§ 212 o wnac
The open end of the cannula was brought to the o 2Py MmN 2l 3 g o
outside of the animal and terminated in the collec- e © B jes ‘Fég EE
tion tube. The cystic duct was clamped off to in- s g 52 gg
sure collection of only hepatic bile thronghont the E 51 8RES o -
experiment. At the same time a catheter was in- §_ 98 e ; e 5 F :imi
serted into the urinary bladder and all residual urine % || 5 55 -2 Sl s T
was drained and discarded. SilE I & || E
One-half hour later, 200 mg. of chlorpromazine A 2 §E ol & °
hydrochloride, dissolved in 10 ml. of saline, was 3 g A E‘u g2 5 gEoMRnNE
administered to the animal intraduodenally. Bile & || = 55 s Uil 5 o EP AR
samples were obtained at hourly intervals and urine § g Mo 51 2 ] g
samples at 2-hr. intervals for a period of 8 or 10 = || & Blig &
hours following drug administration. Each sample ; TR 4a 8 K] Svowon
was analyzed individually for “free’” and “bound” 9 gguﬁg 12 VR N
chlorpromazine and chlorpromazine sulfoxide by & || & fEfg o gia
the method of Flanagan, et al. (15). The samples 5 EE‘S Eﬁ = S gs e
were not analyzed for glucuronic acid conjugates. é 9% 8;—; B s g gS
“Bound” chlorpromazine and “bound” chlorpro- .. ﬁ“ all £é $2° Sl
mazine sulfoxide are the terms given to the chlor- 5‘1 S o Q E&f 3% QT —
promazine and chlorpromazine sulfoxide which can z e £ fooom U{i g3 ° Eq
be extracted from the aqueous residue, following the 5 § E%S 5 ol — < 'fkf va
extraction of the free components, after the aqueous E‘i Q ﬁ
residue is subjected to an alkaline hydrolytic % E% é “ ¥ Zomom
treatment. The analytical procedure determined the &, | TP o om i m B I
cther-extractable chlorpromazine metabolites as % | ¢ BSsss | A °|\ EUD
either chlorpromazine or its sulfoxide. If demethyla- 3 | = 2 & 2%
tion of the side chain occurred, the demethylated 3 g é‘ é“—j
components would be determined as chlorpromazine | o ¥ 3 Che I
and/or chlorpromazine sulfoxide, since their ab- " Eg Mo 3 /A [ g A 3393
sorption spectra are similar to the parent com- E ‘ o E") Ao % Z ] 3
pounds, < | @2 4
In the next series of experiments the dogs received & | - ? ] E‘
a daily oral dose of chlorpromazine hydrochloride | S RO~ 5 2 EY oo
for varying periods of time (Table I) prior to the 1 VBoooe '§ % Eg IR
operation. The operative dose was 200 mg. of i 5 K g
chlorpromazine hydrochloride in 10 ml. of isotonic : . g Z a
saline administered intraduodenally. Before the “Ej.g e & = { 2
administration of the operative dose, control ;’?: - s @2l 9, o 04 0m
samples of bile and urine were obtained to determine = B oy % = :> R
any excretion due to the previous chlorpromazine . §- 2 =7
priming. w # 2 <
In the experiments with chlorpromazine-$%, each EE § oz
dog was anesthetized with pentobarbital and the aESoE 2E881° = e
bladder was emptied by inserting a catheter which e - - g=
was allowed to remain in sifu for the subsequent K = s B 8T X2E2
collection of urine samples. Chlorpromazine hydro- o X _'_ 3 gﬁ
chloride, 25 mg./Kg., containing about 60 uc. of o9 g =
S%, were injected into a surgically-exposed loop of %.g'gi WHWR T 2
the duodeuum. Urine samples were collected every oA £ <
2 hours. “é - w
Each samiple was reduced 7z vacuo to about one- " 13 g
third of the original volume and 50-100 wl. spotted got-m ?
on 3/4 inch strips of Whatman 3MM paper. The




Vol, 51, No. 9, September 1962

strips were developed in a descending direction with
a solvent system consisting of 100 parts of isoamyl
alcohol, 100 parts of water, 15 parts of ethanol, and
10 parts of formic acid.

A portion of the remaining urine was adjusted to
pH 13 and extracted with ether to remove the
“free”’ chlorpromazine and ‘“‘free’” chlorpromazine
sulfoxide, The aqueous residue was divided into
two fractions. One fraction was hydrolyzed with
strong alkali, ether extracted, and the ether extract
and the aqueous residue were chromatographed.
The pH of the second fraction was readjusted to
5.0 and hydrolyzed with mammalian g-glucuroni-
dase. After an ether extraction, the extract and the
hydrolyzed urine were chromatographed in the
same manner as the original urine.

The metabolites were detected by two inde-
pendent procedures: (a) the chromatograms were
sprayed with nitrite reagent as described by Flana-
gan, et al. (15), and (b) the developed strips were
fed into a scanner (Nuclear-Chicago, model No.
1620-A) and the radioactive areas were detected in
this manner.

In all the experiments the animals were main-
tained by a slow 5%, dextrose-saline intravenous in-
fusion and additional pentobarbital as required.

RESULTS AND DISCUSSION

In Table II are listed the per cent recoveries of
chlorpromazine and chlorpromazine sulfoxide in
bile and urine of four unprimed dogs which received
an operative dose of 200 mg. of chlorpromazine
hydrochloride intraduodenally. In bile, the concen-
trations of “bound’ chlorpromazine and ‘“bound’
chlorpromazine sulfoxide were much greater than
the concentrations of “free’” chlorpromazine and
“free”’ chlorpromazine sulfoxide. ‘“Free” chlor-
promazine sulfoxide was not obtained from the bile
specimens of these dogs until 5-6 hours after ad-
ministration of chlorpromazine; ‘“bound” chlor-
promazine sulfoxide was obtained in the first hour
following administration of the drug. The ratio of
“bound” chlorpromazine to ‘“bound’ chlorproma-
zine sulfoxide was approximately 1:1 in the test
period for three of the dogs. The bile recovery of the
bound components was 10-20 times greater than the
recovery of the free components.

In urine the amount of ‘“free” chlorpromazine
and “free” chlorpromazine sulfoxide was much
greater than that obtained in the bile. The recovery
of “bound” chlorpromazine was from 2-5 times
greater than the recovery of “free” chlorpromazine,
while the “bound” chlorpromazine sulfoxide was
1.3 to 3 times greater than the ‘“‘free’’ sulfoxide.

In the next experiment, four dogs received prim-
ing doses of chlorpromazine hydrochloride to see
what effect priming would have upon the excretion
pattern of the drug. In these animals the control
bile samples contained measurable concentrations of
“free” and ““bound’ chlorpromazine and chlorpro-
mazine sulfoxide, although the last oral dose had
been administered 18 hours prior to the operation.
In the dog that was primed with 200 mg. of chlor-
promazine hydrochloride for 14 days, there was an
increased recovery of ‘‘free” and “bound’” chlor-
promazine and chlorpromazine sulfoxide. In these
primed dogs the ratio of ““bound” chlorpromazine to
“bound” chlorpromazine sulfoxide in bile varied
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Fig. 4—Dog No. 6, primed urinary excretion.

from 1:1.5 to 1:3, while in three of the unprimed
dogs this ratio was 1:1.

The urinary values obtained for “bound’ chlor-
promazine on the primed animals were lower than
the values obtained on the single-dose animals.
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However, the ratio of “free’’ »s. “bound” com-
ponents was increased in the primed animals due to
the increased excretion of “free” components by
these animals.

Figures 1 and 2 show the biliary and urinary time
excretion curves of the four components in a non-
primed dog, while Figs. 3 and 4 illustrate the same
curves for a primed dog. The patterns obtained on
these two dogs are typical of those obtained on the
other test animals.

! 2 3 4 s 6 7 a

e 8

§ D olol o] @
oo o
B b @ a

Fig. 5.—Col. 1, Chlorpromazine and chlorprom-
azine sulfoxide standards; Col. 2, whole urine; Col.
3, ether extract of whole urine (alkaline side); Col. 4,
aqueous residue; Col. 5, fraction 1, ether extract
after alkaline hydrolysis; Col. 6, aqueous residue;
Col. 7, fraction 2, ether extract after 8-glucuronidase
hydrolysis; Col. 8, aqueous residue.

In the chromatographic studies with chlorproma-
zine-S% on noncannulated, primed and unprimed
dogs, four radioactive peaks were observed. The
two peaks following the solvent front corresponded
to chlorpromazine and chlorpromazine sulfoxide.
The two remaining peaks were attributed to bound
metabolites of these compounds. No attempt was
made to separate chlorpromazine and chlorproma-
zine sulfoxide from their demethylated components
as did Fishman and Goldenberg (12). Typical
chromatographic patterns obtained on urine from
dogs administered chlorpromazine-S% by spraying
the strips with nitrite reagent are shown in Fig. 5.

In all the experiments, the R, values obtained for
the metabolites by the use of the color developing
spray corresponded to the R, values obtained radio-
chemically.

The chromatographic patterns of chlorpromazine
and chlorpromazine sulfoxide are presented in Col. 1
(Fig. 5). Column 2 shows the chromatographic pat-

Journal of Pharmaceutical Sciences

tern obtained for whole urine; the spots between
the two “bound” metabolic spots represent an endog-
enous urinary constituent which was obtained with
this spray for blank urine specimens. The dark
areas behind the chlorpromazine and chlorproma-
zine sulfoxide were always present and they were
purple in color as compared to a light pink shade of
the pure compounds. The darker areas did not
show increased radioactivity over that obtained for
the pink shaded areas. Column 3 shows the pattern
for the ether extract of whole urine made alkaline.
The “bound’” material remained in the aqueous
phase (Col. 4).

In regard to Col. 4, it was believed initially that
the two ‘“‘bound” metabolites corresponded to
“bound” chlorpromazine and “bound’ chlorproma-
zine sulfoxide. However, following alkaline hydroly-
sis and subsequent ether extraction, the spot having
an R; of approximately 0.1 disappeared from the
aqueous residue, while the R, 0.3 spot remained
(Col. 6). The chromatographic pattern obtained
for the ether extract (Col. 5), as well as ultraviolet
analysis of this extract, showed both chlorpromazine
and chlorpromazine sulfoxide to be present. The R,
0.1 spot was a mixture of “‘bound”’ chlorpromazine
and ““bound’’ chlorpromazine sulfoxide, and the type
of binding is such that it can be broken by strong
alkaline hydrolytic treatment. The “bound” com-
ponents in this area did not resolve themselves into
separate and distinct entities. The separation was
not as sharp as that obtained by Lin, et al. (18),
with human urine.

The chromatogram obtained for the aqueous resi-
due after hydrolysis with 8-glucuronidase and subse-
quent extraction with ether is presented in Col. 8.
Only the endogenous spot remained; B-glucuroni-
dase hydrolyzed both “bound” areas. In the ether
extract (Col., 7) three spots appeared; two of the
spots corresponded to chlorpromazine and chlor-
promazine sulfoxide, the small spot in between may
be one of the metabolites resulting from partial or
total demethylation of the side chain.
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