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Abstract asS-perphenazine of high specific activity was synthesized, and the identity 
and radiochemical purity of the product were established. Tissue distribution and 
excretion of radioactivity were studied in rats after subcutaneous injection of 0.3 mg 
of asS-labeled perphenazine dihydrochloride/kg body weight. Maximal concentrations 
of radioactivity were found in most tissues after 1 hr. Tissues showing the highest peak 
concentrations were lung, adrenal, liver, kidney, spleen, and pituitary, while the brain 
parts had somewhat lower, but appreciable, amounts. Blood levels were consistently 
low. High levels of radioactivity were found in the pituitary gland after 48 hr and 
remained relatively high even after 6 days. Over 80 per cent of the drug was excreted 
during a period of 24 hr; most of this (80 per cent) was excreted in the feces, while only 
20 per cent could be found in the urine. Experiments performed with female rats in 
day 19 of pregnancy showed small amounts of radioactivity crossing the placenta. After 
24 hr, however, the concentration of radioactivity in the fetus and anmiotic fluid was 
extremely low. 

THE widespread  use o f  increasingly po ten t  phenoth iaz ine  t ranquil izers  has p r o m p t e d  
us to examine in detai l  the metabol ic  d isposi t ion  in animals  o f  one o f  the most  active 
member  o f  this class o f  c o m p o u n d s - - n a m e l y  perphenazine.  I t  was hoped  that ,  by  
means  o f  a careful  s tudy employ ing  the rad io iso top ica l ly  labeled drug,  valuable  in- 
fo rma t ion  could  be gained that  would  lead to a bet ter  unders tanding  concerning the 
metabol i sm,  m o d e  of  action,  and  var ious  clinical uses o f  perphenazine.  This  r epor t  
will  concern  i tself  with the pa t t e rn  o f  d is t r ibut ion o f  to ta l  rad ioac t iv i ty  f rom labeled 
perphenaz ine  in body  tissues, the re la t ionship  o f  this pa t t e rn  to t ime af ter  adminis t ra-  
t ion  o f  the drug,  and  the mode  and  extent  o f  excretion.  A subsequent  r epor t  will deal  
wi th  the  chemical  fo rm in which this radioact iv i ty  is found  in certain tissues and in 
urine.  

M A T E R I A L S  AND METHODS 

Synthesis o f  zrS-labeled perphenazine 
The radiosynthesis  was carr ied out  according to the method  o f  Sherlock et al. 1 with 

some modif icat ions  necessary for  synthesis on a semimicro scale. Fus ion  o f  a mixture  
conta in ing  radioac t ive  sulfur, m-chlorodiphenylamine ,  and  a small  amoun t  o f  iodine  
p roduced  radioac t ive  2-chlorophenothiaz ine  (plus a small  amoun t  o f  the 4-isomer 

* Trilafon is the registered trademark of Schering Corporation. 
t Present address: Department of Physiology, The University of Pittsburgh School of Medicine, 

Pittsburgh 13, Pa. 
,+ Present address: Montefiore HosPital , New York 67, N.Y. 
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which was removed by crystallization from toluene). Treatment of a solution of this 
product in liquid ammonia with sodium amide, followed by the addition of 1-chloro- 
3-bromopropane, yielded an oily material which, when heated with 1-(2-hydroxy- 
ethyl)-piperazine, formed 3~S-labeled perphenazine. After vacuum distillation of the 
free base and repeated recrystallization of the dihydrochloride salt, ~sS-labeled per- 
phenazine dihydrochloride was obtained with an over-all yield of approximately 
25 per cent, having an initial specific activity of 28 t~c/mg. 

The synthesized radioactive perphenazine was checked for radiochemical purity 
and chemical identity. Analysis was carried out by ascending paper chromatography 
in a tert-amyl alcohol:5% acetic acid system. Precise scanning of the chromato- 
grams showed that the preparation was free from radioactive impurities. The single 
peak coincided with the position of added perphenazine carrier, which was made 
visible after spraying the paper strip with Dragendorff's reagent, z The infrared spec- 
trum of the radioactive material was identical with that of authentic perphenazine. 
Determination of specific activity with a large excess of added nonradioactive material 
showed no change in specific activity after repeated crystallization. Determination of 
pharmacological activity was made by analysis of conditioned avoidance behavior, z 
and no difference in potency was found between the radioactive and authentic com- 
pounds. 

Determination of ZSS radioactivity 
Samples of 1 g or less of tissue, feces, or body fluid, as well as aliquots of solutions 

containing 35S perphenazine with an excess of carrier, were oxidized to inorganic 
sulfate by a wet digestion procedure that employs a mixture of nitric and perchloric 
acids containing cupric nitrate. The radioactive sulfate was later precipitated with 
barium chloride solution. The precipitate was washed, dried, and counted in stainless 
steel cupped planchets with a Nuclear-Chicago thin-window, gas-flow counter. Each 
sample (and background) was counted for a minimal number of 4000 total counts. 
All counts were corrected for background, self-absorption and decay. The corrections 
for self-absorption were determined from an experimentally constructed curve for 
35S-barium sulfate. 

Animal studies 
Young male rats, weighing approximately 100 g, obtained from the Charles River 

Breeding Laboratory, were injected subcutaneously with 0.3 mg/kg body weight of 
35S-labeled perphenazine dihydrochloride with a specific activity of about 23 × 100 
cpm/mg. At appropriate times after injection, groups usually consisting of three 
animals (the experiments were repeated in many instances for greater reliability of 
results) were subjected to the following studies. Blood samples were taken by intracar- 
diac puncture from ether-anesthetized rats, which were then immediately sacrificed by 
decapitation. The brain samples consisted of the entire cerebellum, portions of the 
cerebral cortex which included both grey and white matter, the hypothalamus, and the 
medulla (with minimal amount of underlying tissue). The entire pituitary gland was 
removed from the sella turcica in one piece. The entire liver, the left lobe of the lung, 
the left kidney, the spleen, the thyroid gland, the adrenals, and muscle samples con- 
sisting of gastrocnemius and the lateral muscles of the thigh were also analyzed. 
Immediately after removal these tissues were weighed, subjected to oxidative digestion, 
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and analyzed for 35S content. The entire liver was homogenized, and an aliquot of 
1 ml was taken for analysis. 

Samples of feces and urine for radioanalysis were obtained in the following way. 
Each rat was placed in an individual metabolism cage before injection; feces were 
collected free from urine, by employing a method 4 that prevented ingestion of feces. 
Total feces and an aliquot of urine collected in 24 hr from each animal was taken for 
analysis. 

In a separate experiment three female rats in day 19 of pregnancy were placed in 
individual cages. The rats were injected subcutaneously with 0.3 mg/kg body weight 
of 35S-labeled perphenazine dihydrochloride with a specific activity of  about 2-5 × 106 
cpm/mg and exactly 2 hr later the following operation was performed. An abdominal 
incision was made in the skin, which was separated from the underlying muscles. A 
small incision was made in the abdominal wall and the right uterine horn carefully 
lifted out of the abdominal cavity. A silk suture was placed above the cervix, and the 
right ovary was left intact. The uterine vessels were brought together and tied with a 
single suture. The uterus containing the fetuses was then removed without excessive 
bleeding. After removal of the uterine horn, the abdominal muscles were closed with 
interrupted sutures and the skin closed with metal clips. The uterine horn was opened, 
and three fetuses were removed in the following manner: (1) amniotic fluid was first ob- 
tained by puncturing the amniotic sac, and the fluid surrounding the three fetuses was 
collected and combined; (2) each fetus was then removed from its amniotic sac and 
weighed after making sure that all membranes adhering to the fetus were removed; 
(3) the placenta was lifted from its maternal connection and the umbilical cord re- 
moved, weighed, and placed in a flask. All the rats rapidly recovered from the anes- 
thesia and were kept in separate cages, undisturbed for the next 22 hr. On the follow- 
ing day they were examined and found to be in good condition; 24 hr after injection 
of the drug the animals were placed under ether anesthesia and the left uterine horn 
was removed as described, and the same technique was used to obtain amniotic 
fluid, fetuses, and placenta. After removal of the uterus blood for analysis was obtained 
from the abdominal aorta. The rat was kept under anesthesia until dead, at which time 
the entire liver, the right kidney, and a sample of skeletal muscle were removed for 
analysis. 

RESULTS AND DISCUSSION 

Tissue distribution of radioactivity from 35S-perphenazine 
The concentrations of radioactivity in a number of  tissues at various times after 

drug administration are shown in Table 1. The results indicate a peak concentration 
of the labeled material in most tissues about 1 hr after administration of  the drug. 
The peak activity is highest in the lung and is followed by the adrenal, liver, and kid- 
ney tissue. An appreciable concentration is found in the pituitary and parts of the 
brain. The lowest values are associated with muscle and blood. The fact that the 
initial peak activity in the pituitary and in parts of the brain is similar in respect to 
time to that of the liver indicates that the drug enters the brain probably unchanged in 
structure. 5 The general pattern of distribution is similar to that found by Fyodorov ~ 
after subcutaneous injection of chlorpromazine; however, in most tissues, maximal 
concentrations of radioactivity seem to be reached more rapidly with perphenazine 
than with chlorpromazine. Of special interest is the extremely high concentration of  
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radioactivity that is found in the pituitary gland (and to a lesser degree in some parts 
of the brain) after 48 hr; the magnitude of this concentration is in excess of the peak 
value found in the same tissue after 1 hr, and relatively large amounts of radioactivity 
persist even after 6 days. The reason for this unexpected finding is not apparent. 

Excretion of  35S 
During the first 24 hr after injection, approximately 82 per cent of the total injected 

radioactivity appeared in the feces and urine (Table 2). Of this 82 per cent, about one- 

TABLE 2. EXCRETION OF RADIOACTIVITY DURING 24-HR PERIOD AFTER INJECTION OF 

aSS-LABELED PERPHENAZINE 

Animal 
Injected 

dose 
(cpm) 

Excret ion (% of  injected dose) 

Urine  Feces Tota l  

A 181,000 17"1 70'0 87"1 
B 181,000 14-4 69'3 83'7 
C 192,000 17'6 64.7 82'3 
D 181,000 14'0 61 "4 75"4 
E 167,000 17"9 64"1 82"0 

Mean  4. s.e. 16.2 4- 0'8 65.9 -4- 1-6 82.1 4. 1.9 

fifth was found in the urine and about four-fifths in the feces. Although this type of 
excretion pattern is not seen with labeled promazine, 7 chlorpromazine, e or mepazine, 8 
Fyodorov ~ has shown that the radioactivity from labeled chlormepazine is excreted 
largely in the feces. These results also show that the rate of excretion of perphenazine 
(or its metabolites) by the rat seems to be faster than that of some related drugs2 

Distribution of radioactivity in pregnant rats 
The concentration of radioactivity in the fetus, as well as in the placenta and amni- 

otic fluid, at 2 and 24 hr after administration are shown in Table 3. For the sake of 

TABLE 3. DISTRIBUTION OF RADIOACTIVITY IN TISSUES OF THE PREGNANT RAT* 

Amniotie Skel. 
Fetus Placenta fluid Blood Liver Kidney muscle 

2 hr 265.0 4- 6-0 675.0 4- 33.0 9" 14- 1"9 
(9)* (9) (3) 

24 hr 13-3 4- 0'7 58'7 4- 5.0 6'0 ± 0"6 7'8 ± 1"6 479"0 4- 55.0 139'0 4- 27"0 8.4 4- 2.0 
(9) (9) (3) (3) (3) (3) (3) 

* Activity is expressed as epm/g (ml) of tissue. 
t Mean 4- s.c. The figures in parenthesis represent the number of samples analyzed. 

comparison, concentrations at 24 hr of other selected tissues from the same animals 
are also given. It should be noted, however, that for direct comparison between the 
results presented in Tables 3 and 1, the difference in specific activity of the injected 
drug (approximately 10 times) must be taken into consideration. It is apparent from 
these results that perphenazine (or sulfur-containing metabolites) does cross the 
placental barrier. The concentration in the fetus is relatively low, however, even at 
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2 hr; by 24 hr a decrease to about 1/20 of the 2-hr value has occurred. The con- 
centration of radioactivity in the amniotic fluid is extremely small in both of  these 
intervals. 
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