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Abstract-Jejunal loops of male rats were instilled with [35S]perazine and venous b&d from the 
loops was collected. Plasma, erythrocytes, intestinal wall and intestinal contents were analysed for 
perazine and its metabolites by reverse isotope dilution; purification to constant specific radioactivity 
was carried out by thin-layer chromatography. Within 60min, 57 per cent of the material appeared 
in blood, more than four-fifths in the form of unchanged perazine. The principal metabolites present 
in plasma were 3-hydroxyperazine glucuronide and perazine sulfoxide; besides the sulfoxide, red cells 
contained small quantities of desmethyi perazine. This metabolite was predominantly located in the 
intestinal wail which contained a total of 17 per cent of the administered radioactivity, mostly as 
unmetabolized perazine. Another 17 per cent was found in the intestinal contents and here the propor- 
tion of perazine sulfoxide was one-third. Besides perazine as the major compound small amounts 
of hydroxyperazine glucuronide and desmethyl perazine and traces of perazine N-oxide were present 
in the intestinal lumen. 

An oral availability of distinctly less than unity has 
been demonstrated for phenothiazine neuroleptics in 
man Cl-33 and rat [4-6]. However, the urinary excre- 
tion of chlorpromazine metabolites did not differ 
whether patients had been treated orally or intramus- 
culariy [33; these findings are in accordance with data 
obtained on tricyclic antidepressants administered oia 
various routes [7-91. Therefore, absorption was 
assumed to be complete and the reduction in avail- 
ability was ascribed to a pronounced first-pass meta- 
bolism, Though the liver is regarded to play the major 
role in this process [lo], the contribution of the intes- 
tinal mucosa must also be taken into consideration. 

Curry and co-workers found similar chlorproma- 
zine plasma levels in r&s after i.v. and i.p. injec- 
tion [S] and hence postulated that the decomposition 
largely took place in the intestinal wall [6]. Experi- 
ments in which a [35S]chlorpromazine solution was 
circulated through the lumen of the rat jejunum in 
vitro were reported to verify this assumption in that 
a large part of the radioa~ivity which appeared at 
the serosal side was not identified as chlorproma- 
zine [6J. This study suffered from several drawbacks 
since the intestinal preparation lacked a blood supply, 
a large part of the drug was adsorbed to the appar- 
atus and metabolites produced were not identified. 

In the present study, an intestinal loop preparation 
of high functional integrity [ll, 121 was used for 
studies on the disposition of a 35S-labelled phenothia- 
zine drug with a piperazine ring in the side chain. 
This drug, perazine, is extensively used as a neurolep- 
tic in some countries. Its metabolism largely proceeds 
uia the pathways described for other phenothia- 

* I. Jahns and U. Breyer. to be published. 

zines [13,14]. Specific determination of the drug and 
its metabolites in the experimental compartments was 
carried out by reverse isotope dilution analysis. 

MATERlALS AND METHODS 

Drug and metabolites 

[35S]Perazine (Per) as dimalonate was supplied by 
Byk Guiden (Konstanz, Germany). Its specific activity 
was 4mCi/m-mole at the beginning of the experi- 
ments and 1.7mCi/m-mole at their end. The radio- 
chemical purity was 92%; therefore the material was 
purified by thin-layer chromatography (TLC) in sol- 
vent A (Table 1) with subsequent isolation from the 
gel by distribution between 2N ammonia and ben- 
zene. The substance then was homogeneous upon 
TLC. It was dissolved in the calculated quantity of 
0.1 N HCl and adjusted with 0.9% NaCl to a concen- 
tration of approximately 450 nmol/ml. The exact con- 
centration and the specific radioactivity were deter- 
mined by subjecting weighed aliquots to spectropho- 
tometry and scintillation counting. In some control 
experiments C3H3-perazine with a specific activity of 
6OmCi/m-mole was used which had been prepared 
by reacting desmethyl perazine with tritiated methyl 
iodide*. Unlabeled Per dimalonate was a gift from 
Chemische Fabrik Promonta (Hamburg, Germany). 

The following perazine metabolites were prepared 
by previously described methods: perazine sulfoxide 
(Per-SO) [13], desmethyl perazine (DMP) [lS] and 
~-[~-(phenothi~inyl-iO)-propyl]-ethylene-diamine 
(PPED) [ 161. Perazine N-oxide (Per-NO) was isolated 
from the urine of patients treated with perazine [13]. 
3-Hydroxy~r~ine (OH-Per) was obtained from the 
bile of rats given SOmg/kg Per i.p. Male or female 
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rats were anesthetized with urethane (0.9 g/kg), a tef- 
Ion tubing was inserted into the common bile duct 
and after administration of an isotonic neutralized 
Per solution (2 ml/kg) bile was collected for 48 hr. 
It was diluted with saline to lOm1, adjusted to pH 
9 with 0.25 N sodium hydroxide and extracted twice 
with 5 ml of chloroform. After addition of 0.1 N acet- 
ate buffer pH 4.5 (2 ml for 1 g of bile) and 0.2 ml 
of /I-glucuronidase/arylsulfatase (Boehringer, Mann- 
heim, Germany), the bile was incubated at 37” for 
3.5 hr. Liberated phenols were extracted at pH 9 with 
two 5-ml-portions of chloroform and purified by TLC 
in solvent C (Table 1). The identity of OH-Per was 
proven by mass spectrometry using a MS 902 S 
(A.E.I., Manchester, England) with direct inlet. At 
70eV and 120” the substance gave the expected mole 
peak at m/e 355. The spectrum was identical with 
that of OH-Per isolated from the urine of Per-treated 
patients [133. 

Preparation of the intestinal loop 

In urethane-anesthetized male Wistar rats 
(30&350 g), a jejunal loop 13-25 cm from the flexura 
duodenojejunalis and 4.56 cm long was prepared as 
described previously [ll, 12,171. A weighed aliquot 
(0.51-0.54g) of the [35S]Per solution was instilled 
into the closed loop and blood was sampled) from 
the vein for three successive 2Omin-broods. The 
blood flow mounted to 0.3-0.4 gimin corr~ponding 
to 0.8-i.2ml/min per gram of tissue. Aliquots were 
taken for the determination of hematocrit and total 
radioactivity, then the samples were centrifuged and 
plasma and red cells stored at -20”. The intestinal 
contents were collected together with 1 ml of saline 
used for washing the loop. 

Drug and metabolite measurements 

Determination of total radioactivity. Blood (100 ~1) 
was solubilized in 1 ml of a 1: 1 mixture of isopro- 
pan01 and soluen$lOQ (Packard Instrument, Frank- 
furt, Germany) and decolourized with 0.4ml of 30% 
hydrogen peroxide. After 15 min, 10 ml of a sdntilla- 
tion mixture (2 g of PPO + 25 mg of d~ethyl- 
POPOP + 4OOml of ethanol + 600 ml of toluene) 
were added and the samples were kept at 37” for 3 hr. 
Then luminescence had declined and they could be 
counted in a liquid scintillation counter. According 
to internal standardization, counting efficiency was 78 
per cent. 

Weighed aliquots of plasma (about 50mg), intes- 
tinal contents (10 mg) and intestinal wall homogenate 
(corresponding to about 7 mg of tissue) were dissolved 
in 2004 of 1 M hyamineR hydroxide, decolourized 
with benzoyl peroxide during 1 day at room tempera- 
ture and subjected to liquid scintillation counting 
after addition of 10 ml of Bray’s solution [18]. 

Det~mination of singie compou~s. To plasma and 
erythrocyte samples, 0.2 ml each of aqueous solutions 
(1 mgiml) of perazine, Per-SO and DMP were added, 
to plasma also a solution containing a known quan- 
tity (150-2OOpg) of OH-Per. In some experiments, 
plasma was spiked with Per-NO in addition and red 
cells with OH-Per. Per gram of original material 
0.25 g of NaCl, 0.02 ml of sodium deoxycholate solu- 
tion (lo”/ w/v) and 0.1 ml of 0.2 N NaOH were 
added[15] and extraction was carried out with four 

2ml-portions of benzene. From the evaporated 
extracts, 2% were taken for 35S counting, the 
remainder was subjected to TLC on 20 x 2Ocm 
plates manually coated with silica gel (Kieselgel 
GF254, Merck, Darmstadt, Germany). With two 
0.1 ml portions of chloroform the material was trans- 
ferred to a band of 4 cm width. The plate was pre-run 
to the upper edge with chloroform-isopropanol (10: 1, 
v/v), dried for 3 min and developed in solvent A 
(Table 1). After drying for 7min and spraying with 
water, U.V. absorbing, bands were removed, suspended 
in 1 ml of 2 N ammonia and extracted twice with 2 ml 
of chloroform. The residue of the organic phase was 
dissolved in a defined volume of 1.2-dichlor~thane 
and aliquots were taken for the dete~ination of 
absorbance and radioactivity. While the ratio of these 
two vatues did not change upon rechromatography 
of Per and Per-SO in other solvents, DMP and 
Per-NO needed purification in solvent B, OH-Per in 
solvent C and PPED in solvent D (Table 1) in order 
to attain a specific activity which was not altered by 
further chromatographic steps. In order to addi- 
tionally verify the identity of Per-NO, it was reduced 
with titanous chloride to Per and purified in this form 
in solvent A. 

Plasma extracted with benzene was subsequently 
shaken twice with 2ml of chloroform. This extract 
contained only traces of radioactivity and therefore 
was discarded. The aqueous phase was adjusted to 
pH 4.8 with 0.25 N acetic acid, mixed with a solution 
of 150 pg of OH-Per and 50~1 of &glucuronidase/ 
arylsulfatase and incubated at 37” for 3.5 hr. Then 
0.25N NaOH was added to bring the pH to 9 and 
extraction was carried out three times with 2 ml of 
benzene. The extract was purified by TLC in solvent 
C. 

To the intestinal wall solutions of Per, DMP, 
Per-SO, OH-Per and in some cases PPED were 
added. After addition of 0.05 ml of loo/, sodium deox- 
ycholate solution and sufficient 10% (w/v) NaCl to 
make a total weight of 5 g it was homogenized with 
an Ultra Turrax blender (Janke & Kunkel, Staufen, 
Germany). An aliquot of about 100 mg was taken for 
total radioactivity determination, the remainder was 
mixed with 0.5 ml of 25% ammonia, shaken with 

Table 1. R, values of Per and metabolites in TLC on silica 
gel 

Compound 

Per 
OH-Per 
Per-SO 
DMP 
PPED 
Per-NO 

R, value in solvent* 
A B C D 

0.72 0.36 0.85 0.65 
0.61 0.32 0.43 0.60 
0.40 0.14 0.58 0.28 
0.26 0.38 0.48 0.28 
0.13 0.31 0.23 0.56 
0.11 0.38 0.06 0.28 

isopropanolchloroforn-25% 
(16%I : 1 v/v). 

ammonia-water 

B. 1.2~dichloroethaneeethyl acetate-ethanol-acetic acid- 
water (15:26:12:8:7.5, v/v). 

C. chloroform-isopronanol (20:2, v/v), atmosphere satu- 
rated with ammonia b; placing into the tar& a trough 
with 3 ml of 25% ammonia. 

D. acetone-isopropanol-1 N ammonia (9:7:4, v/v). 
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15 ml of benzene and centrifuged. An aliquot of the 
organic phase was evaporated and subjected to TLC 
as described above. 

The intestinal contents were mixed with solutions 
of Per, Per-SO, DMP and OH-Per and in a few cases 
Per-NO. The pH was adjusted to 9 with 0.25 N 
NaOH and extraction was carried out with three 
2 ml-portions of chloroform. After removal of 2% of 
the extract for radioactivity measurement the rest was 
separated by TLC as described for the other tissues. 
To the aqueous phase another portion of OH-Per 
was added and incubation with /7-glucuronidasefaryl- 
sulfatase, extraction and TLC were carried out as 
with plasma. 

Pre-extracted plasma and intestinal contents from 
one experiment were divided into to equal parts and 
after addition of OH-Per incubated with B-glucuroni- 
dase/arylsulfatase and with the equivalent quantity of 
pure /I-glucuronidase (Serva, Heidelberg, Germany), 
respectively, in parallel. 

OH-Per glucuranide OMP Per-NO 

Fig. i. Structures of perazine and its metabolites formed 
in the rat intestine in uiuo. 

Dichloroethane solutions (0.0s-0.2 ml) of the chro- 
matographically purified compounds were shaken 
with 3 ml of 0.1 N H,SO, and the absorbance of the 
aqueous solution was read in a spectrophotometer at 
1 cm lightpath. A255-A2e0 was .used for calculating 
the amounts of non-phenolic sulfides. An absorbance 
difference of 1.000 corresponded to 123.8 nmol of Per 
or 124.4 nmol of DMP or 121.4nmol of PPED in 
3 ml. Per-SO was evaluated from A270-A285r a differ- 
ence of 1.000 corresponding to 470 nmol/3 ml.. OH- 
Per was reacted with sulfanilic acid and NaN02 to 
a purple dye [13] the absorbance of which was 
measured at 555 and 600 nm. With the aid of experi- 
ments on [35S]Per without isotope dilution* it was 
found that 293nmol/3ml result in an A555-A600 
value of 1.000. 

cells and plasma gave the results presented in Fig. 
2. Unchanged Per accounted for 77% of the sub- 
stances occurring in plasma and for 90% of those in 
red cells. The major metabolite found in erythrocytes 
was Per-SO, while in plasma the concentration of 
OH-Per conjugates usually exceeded that of the sul- 
foxide during the first two 20 mm-periods. The phenol 
was nearly exclusively conjugated with glucuronic 
acid since the OH-Per quantity liberated by pure 
/I-glucuronidase in three plasma samples was 90.5, 
94 and 100.5% of the quantity liberated by /I-glucur- 
onidase + arylsulfatase. Red cells were not analyzed 
for the conjugate, since phenolic glucuronides of simi- 
larly lipophilic substrates were found to be excluded 
from these cells [17,19]. DMP was a minor metabo- 
lite in both blood compartments. 

Control experiments were carried out in order to 
account for sulfoxide formation during the work-up. 
Known quantities of C3%]Per and cold Per-SO were 
added to blood or plasma, intestinal wall and intes- 
tinal contents of untreated rats and the samples were 
processed in the way described. 

Since the mean hematocrit was 500/,, the average 
Per concentration in erythrocytes was 1.8-fold (range 
0.75-2.44-fold) that in plasma and the Per-SO concen- 
tration 1.35-fold. The preferential localization in red 
cells was even more marked with DMP which 
attained 7-fold (range 411-fold) higher levels in 
erythrocytes than in plasma. 

Calculations. Since complete separation of plasma 
from erythrocytes was not possible, the amount of 
substances that was due to plasma entrapped in the 
erythrocyte fraction was calculated with the aid of 
the hematocrit. The calculated plasma and erythro- 
cyte weights were compared with the experimental 
values and quantities of Per and metabolites found 
in the fractions were corrected accordingly. Besides, 
corrections were introduced for quantities of material 
taken off before addition of unlabeled substances. 

REsULTS 

Structural formulas of perazine and its metabolites 
formed in intestine are shown in Fig. 1. 

Substances appearing in intestinal venous blood. The 
proportion of the administered radioactivity drained 
by the blood was 22.6 + 1.7% during the first 20min- 
period, 20.3 +_ 1.4% during the second and 
14.0 f 1.1% during the third (mean _+ S.E.M., n = 7). 
Separate analysis of single compounds in red blood 

Fig. 2. Cumulative appearance of Per and metabolites in 
venous blood of rat jejunal loops. [%]Per (246 y 2 nmol) 
was instilled into closed loops weighing 0.37 k 0.07 g. The 
average amount of venous blood collected was 6.7, 7.2 and 
7.1 g for the first, second and third 20 min-period, respect- 
ively. Values are means f S.E.M., n = 7 except for Per-SO 

* Breyer et al., to be published. in red cells where n = 5. 
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Table 2. Chemical oxidation of Per to Per-SO upon tissue analysis 

Material 
Fraction of [35S]Per converted 

to [35S]Per-S0 n 

Plasma 

Erythrocytes 
Intestinal wall 
Intestinal contents 

1.0 + 0.3x* 5 
1.1 f 0.06x? 3 
5.3 & 1.3X? 8 
2.8 + 0.2% 4 
3.2 f 0.3% 3 
3.1 & 1.6x$ 6 

Means t SD. 
* Per was added to plasma. 
t Per was added to whole blood and after 90 min at 0” plasma and erythro- 

cytes were separated by c~t~~ugation. 
$ After addition of Per, samples were incubated for 60 min at 37”. 

Whereas the quantity of Per absorbed within 
2Omin slightly decreased towards the end of the ex- 
periment and OH-Per glucuronide exhibited a clear- 
cut decrease, more Per-SO was present in blood col- 
lected at later times. This must be due to the accumu- 
lation of Per-SO in the intestinal contents (see below). 

Traces of unconjugated OH-Per were detected in 
plasma especially from the first sampling period. The 
quantities were, however, too small for a reliable 
dete~ination. Some plasma samples were analyzed 
for Per-NO, but the presence of the metabolite could 
not be proven un~uivocally. 

The in vitro oxidation of Per to Per-SO during the 
extraction procedure was found to occur to an extent 
which could not explain the Per-SO concentrations 
present in the experimental samples. According to the 
results of control experiments (Table 2) the contribu- 
tion of Per-SO resulting from chemical oxidation to 
the total Per-SO measured in red cells was about one- 
third. There was no correlation between Per and 
Per-SO concentrations in erythrocytes having passed 
the loop. A substantially larger quantity of Per 
(around 15y0) was converted to Per-SO when the cells 
were extracted with chloroform instead of benzene. 
Much less sulfoxidation occurred upon extraction of 
plasma, and the percentage of Per recovered as 
Per-SO did not differ whether the drug had been 
added to whole blood or to plasma. Per-SO values 
contained in Figs 2 and 3 are corrected for the artifi- 
cial oxidation process. 

The sum of the specifically determined substances 
in plasma and red cells accounted for 100.0 + 2.9% 
(mean f S.E.M.) of the total radioactivity in blood. 
This means that no quantitatively important metabo- 
lite could have been overlooked. No appreciable 
quantities of polar nonhydrolyzable metabolites 
occurred in plasma, since after enzymatic hydrolysis 
and extraction the r~ioactivity rem~ning in the 
water phase was only 3% of the activity originally 
present in plasma. 

Substances present in intestine. After 60min of 
blood perfusion, total radioactivity in the intestinal 
wall and intestinal contents accounted for 
15.9 + 1.2% and 15.0 f 2.4% (mean + S.E.M., n = 7) 
respectively, of the administered dose. The sum of the 
specifically measured compounds was higher by one- 
sixteenth and one-twelfth, respectively (Fig. 3). In the 
latter case this must have been due to the adsorption 

of lipophilic compounds to mucus which caused them 
to escape the radioactivity determination. 

The proportion of the single compounds in the in- 
testinal wall was similar to that in red cells since un- 
changed Per predominated by far and the major 
metabolite was Per-SO. The contribution of DMP 
to total 3sS was higher than in any other compart- 
ment and the amount present in about 0.37 g of tissue 
came close to the quantity found in around 21 g of 
blood. Unconjugated OH-Per was consistently pres- 
ent though at a low ~n~ntration. Attempts to find 
PPED gave a negative result. 

Little more than half of the radioactivity remaining 
in the intestinal lumen was due to Per while 38% 
consisted of Per-SO (Fig. 3). This high concentration 
cannot be attributed to Per-SO production at this 
site, since only little more Per was converted to the 
sulfoxide upon incubation for 1 hr with intestinal con- 
tents and subsequent extraction than during the 
extraction alone (Table 2). OH-Per was mainly pres- 
ent in the conjugated form with glucuronic acid as 
the predominant conjugation partner. After hydroly- 
sis with pure ~-~ucuronid~e, the OH-Per quantity 
measured was 95% of the quantity liberated with ad- 
ditional arylsulfatase. A small fraction of the luminal 
contents was represented by DMP, a metabulite not 
formed in vitro by intestinal contents. The occurrence 

0 DMP 
m OH-Pet 

itree and con,ugatedi 

Fig. 3. Quantities of Per and metabolites contained in rat 
jejunal loops 60min after instillation of 246 nmol of 

[3sS]Per. Vertical bars represent S.E.M., n = 7. 
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of Per-NO could definitely be proven though its 
quantity was only 0.02% of the dose. 

Balance. Taking the data on all four compartments 
together, the sum of the specifically determined com- 
pounds corresponded to 92.4 f 1.8 (S.E.M.) % of the 
administered Per. This quantity was composed of 
74.2% of unchanged Per, 12.5% of Per-SO, 3.5% of 
conjugated and 0.2% of free OH-Per and 2% of DMP. 

DISCUSSION 

Oxidative biotransformation of foreign compounds 
by intestinal mucosa or microsomes prepared from 
it has been demonstrated in several species including 
the rat [20-22, see here for further references]. Intes- 
tinal microsomes from this species exhibited a rela- 
tively high activity in hydroxylating aromatic hydro- 
carbons, while aniline hydroxylase and ethylmorphine 
demethylase were not detected [21]. There was, how- 
ever, measurable 0-dealkylation activity towards 
p-nitroanisole [22]. 

The present investigation showed that aromatic hy- 
droxylation of perazine was one of the major meta- 
bolic pathways in the rat intestine in situ. Terminal 
N-dealkylation also took place and the ratio of N-de- 
methylation vs. aromatic hydroxylation was similar 
to the estimated ratio in the bile fistuia rat* where 
metabolism proceeds primarily in the liver. DMP as 
a lipophilic metabolite was mainly localized in intes- 
tinal tissue and erythrocytes. Piperazine ring degrada- 
tion by N-dealkylation[23] could not be detected. 

A conspicuously large quantity of perazine was re- 
covered as the sulfoxide. This finding is at variance 
with negative results obtained upon incubation of 
[35S]perazine with rat intestinal microsomes [24]. 
Therefore Per-SO formation by systems other than 
the mixed-function oxidase of the mucosa had to be 
taken into consideration. Data obtained on chlorpro- 
mazine sulfoxidation by blood and hemoglobin [25] 
leave doubt as to the occurrence of this reaction dur- 
ing incubation. A lack of correlation between Per and 
Per-SO concentrations in erythrocytes from the per- 
fusion experiments argues against predominant for- 
mation of the sulfoxide in blood. Besides, in control 
experiments no Per was oxidized to Per-SO upon 
storage of whole blood at 0” since the proportion 
of sulfoxide obtained from plasma was the same as 
when Per had been added to plasma. Thus it must 
be concluded that the artificial oxidation took place 
during extraction, particularly because its extent 
depended on the solvent used. When Per-SO quanti- 
ties formed in vitro were subtracted from the total 
amount, there remained a considerable difference 
which indicated sulfoxidation during the perfusion. 
Intestinal contents could be excluded as the site of 
Per-SO production, therefore the mucosa is the tissue 
which most probably carried out the conversion. 
About half of the total Per-SO was found in the 
lumen from which it seemed to be absorbed very 
slowly due to its hydrophilicity. 

A high conjugating activity of intestinal mucosa 
towards phenols has repeatedly been de- 
scribed [ 17,20,26]. Therefore it was not surprising 

* Breyer, Jahns et al., to be published. 
t G. Schmalzing, Drug Merab. Dispos., in press, 

that most of the OH-Per formed appeared as the glu- 
curonide. The majority was recovered from plasma 
while a small fraction was secreted into the lumen. 
OH-Per glucuronide was the only metabolite not 
accumulated in the intestinal wall or contents, such 
that its appearance rate in plasma can be assumed 
to reflect its rate of formation. The decrease in the 
rate with time indicated that under the conditions 
used the enzymes producing it were not saturated at 
least at later times. The administered quantity of 
246 run01 or 83.5 pg for an intestinal loop of 5 cm 
length when extrapolated to the entire duodenum and 
jejunum (6Ocm) would correspond to 1 mg or about 
3 mg/kg body weight. 

It can be concluded that even small doses of this 
phenothiazine which in relation to body weight do 
not exceed low therapeutic doses are largely absorbed 
unchanged from the rat intestine. Intraperitoneal in- 
jection instead of oral dosage of phenothiazines and 
chemically related drugs with the intention to circum- 
vent intestinal first-pass elimination does not seem 
justified. This applies particularly to experiments of 
longer duration or with repeated administration since 
the drugs are known to cause intestinal adhesions and 
megacolon [27]. From the comparison of the present 
results with data on trifluoperazine kinetics in the 
rat-t it is clear that a much larger proportion of these 
drugs is removed by hepatic first-pass elimination 
than during passage through the gut wall. 
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