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INTRODUCTION AND REVIEW OF LITERATURE 

Thiodiphenylamine (phenothiazine) was first prepared by Bernthsen 

(4) in 1883 as a base for colouring materials (5). Carro's (8) dis-

covery in 1876 of methylene blue, one of phenothiazine's derivatives, 

gave Ehrlich a relatively successful antipaludic agent. This event 

opened the era of chemotherapy, and phenothiazine was forgotten. 

During an investigation of the biological effects of sulfur com-

pounds on insects, Campbell et_ al (7) found that phenothiazine had 

insecticidal properties. In 1938 Knipling (35) used phenothiazine as 

a treatment for ectoparasites of cattle, and in the same year Harwood 

et al (32) reported on its anthelmintic properties. In the next two 

years its anthelmintic properties in man and domestic animals were 

investigated. 

The first reports of the effects of the administration of pheno-

thiazine to poultry appeared in 1940 (43 and 44) and were concerned 

with its vermifugal activity. Since that time one group of workers 

published a series of articles on the effects of phenothiazine on the 

uptake of I1-^1 by the thyroid gland of various animal species includ-

ing poultry (63) but the remainder of the reported in vivo studies on 

phenothiazine in poultry have been limited to its use as an anthelmin-

tic against Heterakis gallinae and Ascaridia galli (1, 24, 25, 26, 30, 31, 

41, 42, 47, 50, 54 and 61) Capillaria spp. (22, 37, 56 and 60) and its use 

in the prevention and treatment of Syngamus trachea infections (9). 

Avian coccidiosis was also reported to have been cured, and outbreaks 



of the disease controlled by the prophylactic and curative use of the 

drug (18, 57 and 62); in powder form it was found to be useful in the 

control of louse infestations of chickens (52). Determinations of 

the drug's toxicity under field conditions were also undertaken (i+4 

and 45). 

In vitro studies were conducted to investigate the metabolism 

and pharmacological actions of phenothiazine and its derivatives in 

Heterakis galllnae (48) and the fate in nematodes of phenothiazine 

labelled with S35 have also been reported (21 and 38). 

Since phenothiazine possesses one of the widest therapeutic 

spectra of the anthelmintics, it is still one of the most widely 

used vermifuges, consequently its pharmacodynamics is of considerable 

importance. After a recent and comprehensive survey of the litera-

ture, Harwood was led to report (29): 

"The fate of phenothiazine has been determined in general 

terms, but many details are still in doubt or disputed 

because satisfactory methods of analysis are not stand-

ardized, particularly methods which will distinguish be-

tween phenothiazine and each of the several compounds 

that may be derived from it by oxidation. " 

The experiments reported herein were conducted in order to 

study the problem of the metabolism in chickens of purified forms of 

this drug. 

2. 
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EXPERIMENTAL PROCEDURE 

Purification of Phenothiazine and Production of its Oxidation Derivatives. 

The following procedures were undertaken to obtain purified pheno-

thiazine and its oxidation derivatives for administration to the ex-

perimental chickens, comparison purposes during paper chromatography 

and spectrophotometry analyses, and for the investigation of colori-

metric methods for quantitative determinations of the drug and its 

metabolites. 

(a) Phenothiazine. (Thiodiphenylamine, Imido-diphenyl-sulfide) 

Phenothiazine N. F. (green)* was purified with charcoal** by recrystal-

lization from 95 per cent ethanol, as follows: 

Phenothiazine N. F. (green) was treated with Norit-A at a concentra-

tion of 5 per cent of the weight of phenothiazine. The boiling saturated 

^ solution of phenothiazine in 95 per cent ethanol was filtered quickly 

through Whatman No. 1 into a heated glass funnel. The filtrate was kept 

overnight in a freezer at a temperature of -10 to -12°C. The following 

morning the crystals were collected by filtration. The procedure was re-

peated three times. After distillation the used ethanol was utilized 

again for the first two steps of the purification. 

The final product yielded pale yellow crystals, with a melting 

point of: 183. 5 to 184. 5°C. *** Yields of 60-65 per cent were obtained. 

* Phenothiazine N. F. (preen): Fisher Scientific Company. 
** Charcoal: Norit-A (Decolorizing Carbon) Neutral, 

Fisher Scientific Company 
*** M. P. 182. 5 - 183. 5°C reported by Houston et al (34) 
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(b) Dlphenylamine - ortho - Sulfoxide. (Phenothiazine-5-oxide) 

Phenothiazine-5-oxide was prepared by the method of Pummerer and 

Gassner (53). The yield was 70 per cent (based on phenothiazine) and 

the product had a melting point range of 251 to 252°C*. The crystals 

were very slightly yellow and had polygonal-cylindrical forms, with an 

average diameter of 30fi and average length of 30G-4Q&U 

(c) Phenothiazone-3 (3-Hydroxyphenothiazine; Phenothiazone) 

Phenothiazone-3 was prepared by the sulfur** fusion process of 

p. -hydroxydiphenylamine (33). The dried and ground solids so obtained 

were washed with 0. 5 per cent potassium hydroxide, followed by cold 

water. They were then purified as follows: 

Crude phenothiazone-3 was dissolved in chloroform (purified by 

fractionated distillation) and filtered through a column of aluminium 

oxide powder ***". The major part of the collected eluate was evaporated 

in a water-bath, and the evaporation was completed in the vacuum dryer, 

using a mechanical pump* Further purification was achieved by crystal-

lization from 20 per cent diluted ethanol. The product was brick-red, 

with a melting point of 162-163°C****j its crystals had tetragonal-

cylindrical forms, with an average diameter of 5p. and an average length 

of 10-20^1. 

The p. -hydroxydiphenylamine (p. -anilinophenol) used was obtained 

from a commercial source*****! it was purified by two successive 

* M. P. 250°C reported by Harpur et al (28) and by Barnett et al (2) 
** Sublimed sulfur (U. S. P. ): Fisher Scientific Company 
*** Aluminium Oxide Powder: Baker Analyzed Reagent 
**** K. P. 161°C reported by Houston et al (34) 
•H-sf-iHBJ p. -Anilinophenol (Technical): Eastman Kodak Company 
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distillations with superheated steam, and the final product consisted 

of pearly flakes with a melting point of 69-70°C*. 

Ultraviolet absorption of phenothiazine, phenothiazine-5-oxide 

and phenothiazone-3 in absolute methanol at the concentration 5x10""-' L 

have been measured, with Beckman DU-Spectrophotometer, for control and 

comparison purposes (Figure Ho. 6). Phenothiazine: maxima at 255 and 

320 mp, inflections at 235-240 and 280-285 mp. Phenothiazine-5-oxide: 

maxima) at 230, 270, 305 and 340 mp, inflections at 250, 285 and 320 mp. 

Phenothiazone-3: maxima at 237-238, 273 and 370 mp, inflections at 250 

and 320 mp. 

(d) Thionol (7-Hydroxyphenothiazone-3) 

(i) The first attempt at thionol production was made according to 

the method of De Eds et al (13). A dark-blue amorphous mass was obtained, 

which did not melt at 360°C. This was dissolved in boiling glacial ace-
l 

tic acid and gave an intense red color. By paper chromatography of this 

solution, we obtained two. distinct spots, corresponding to the Rf value 

of phenothiazine and phenothiazone. 

(ii) By the original Granick and Michaelis (23) method the yield 

was insignificant. 

(iii) More interesting results were obtained by the sulfur fusion 

of p., p»-dihydroxydiphenylamine process of Houston et al (34). The 

original process gave a dark-blue amorphous mass, which did not melt 

* M. P. 70°C reported by Calm (6) 
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at 315°C and whose final yield was low. The paper chromatogram of 

this product dissolved in glacial acetic acid, gave several separate 

spots, which indicated impurities. 

By carrying out the following modification of the above process, 

we obtained a purple amorphous mass, which did not melt at 360°C and 

which by chromatographic analysis was almost pure. 

After fusion of equivalent amounts of sulfur and p., p-dihydroxdiphenylamine, with iodine as catalyzer, at 195-200°C for 60 minutes, 

the residue was removed and washed with sodium hydroxide 0. 5 per cent, 

followed by cold water. The dried product was dissolved in ethanol 

95 per cent, and this solution was filtered twice through a column of 

aluminium oxide powder (l x 10 in. high). Evaporation of ethanol 

eluate was commenced on a hot plate, continued in a water-bath, and 

completed in a vacuum dryer at 37°C in darkness. The residue was then 

dissolved in acetone and passed through an alumina column. The 

thionol was adsorbed by aluminium oxide, and the phenothiazone was 

passed through the column with acetone. The thionol which was ab-

sorbed by the alumina column was removed from it by the addition of 

ethanol (95 per cent), and the ethanol eluate was evaporated in the 

manner described above. 

The molar extinction coefficient of thionol obtained in this way 

was 61, 500* in 0. 01 N sodium hydroxide at its maximum absorption at 

590 mji, and 32, 400 in 8N sulfuric acid at its maximum absorption at 

500 mji (Figure No. 7). 

*63. 000 reported by Granick and Michaelis (23). 
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p., p-Dihydroxydiphenylamine was prepared according to 

Knoevenagel (36) and melted at l67-l68°C (Knoevenagel reported 

169°C). 

(iv) Thionol in crystalline state was obtained by the follow-

ing modification of the Granick and Michaelis (23) methods 

Digestion time was reduced to 6 hours at a temperature of 

160-165°C, using 80 per cent (by volume) sulfuric acid (325 ml of 

80 per cent sulfuric acid for 22 gms of phenothiazine N. F. (green). 

Yield was 7 . 5 per cent* of thionol (based on phenothiazine), 

in the form of an agglomeration of tetragonal brown-reddish needles 

with constant face area (l5}i x 15}i). The crystals did not melt at 

360°C. «* 

* 5 per cent reported by Granick and Michaelis ( 2 3 ) . 
** idem reported by Houston et al (34). 
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Chromatography and Spectrophotometry of Phenothiazine and its 
Derivatives. 

A. Paper Chromatography 

a) Apparatus. 

Ascending paper chromatography was used for the separation of 

phenothiazine and its oxidation derivatives from various body extracts 

and of phenothiazine from its derivatives. By the technique herein 

described good separation of the fractions was obtained without oxida-

tive changes of the metabolites during the separatory procedure. 

The apparatus consisted of a chromatographic chamber (Figure No. 

l) and its covering apparatus (Figure No. 2), a vacuum pump*, and a 

nitrogen bomb**. 

The chromatographic chamber was an 18 by 13 by £ inches Pyrex 

cylinder fitted above and below with 3/4 inch thick stainless steel 

plates, 15 inches in diameter. Taking 50, 000 p. s. i. as the ultimate 

compression stress and using a safety factor of 5, from the formula 

(51) T= (FxP) + 1386 D , the Pyrex cylinder used in these experi-
8667O 

ments with a wall thickness of 0. 25 of an inch will withstand maximum 

safe pressure of 91 p. s. i. The upper plate was drilled and tapped at 

its center to allow the insertion of a teflon stopcock. This stop-

cock was used for the evacuation of air from the vessel and the 

addition of nitrogen gas. To improve contact between the plates and 

the rims of the cylinder, polyethylene sheets were fixed on the inside 

* Duo-Seal Vacuum Pump: W. M. Welsh Manufacturing Co., Chicago, U. S. A. 
** Dry Nitrogen: The Lindae Air Products Co., Canada 



the plates and the seal was made airtight by the use of vacuum grease. 

The polyethylene sheets also served to protect the steel plates from 

possible corrosion by the solvent. A polyethylene solvent trough, 12 

inches in diameter and 1 inch high, was placed at the bottom of the 

chamber. (See: Figure No. l) 

A filter paper rack (Figure No. l) for the rigid support of 

three paper sheets, 10 by 16 inches was made from two Pyrex glass 

frames, with outside dimensions 10 by 16 inches, and inside dimensions 

8 by 14 inches. Four holes were drilled through the corners of the 

frames, and the frames were connected by four glass rods which passed 

through the holes and fastened with polyethylene washers, four glass 

tubes, l 1/2 inches long, were threaded on each rod to serve as spacers. 

The tubes prevented the paper sheets from sliding along the rods and 

also ensured that the sheets were maintained equidistant from one an-

other. The stopcock on the upper plate was connected by means of 

rubber tubes to a vacuum pump and nitrogen bomb. 

To prevent photochemical changes of phenothiazine and its metabo-

lites during chromatography, the entire chromatographic chamber was 

covered with a bottomless box, made from one-half inch thick plywood, 

21 inches long, 21 inches wide and 24 inches high (figure no. 2), A 

hole, one-half inch in diameter, was made in the center of the top 

for passage of the rubber tube from the vacuum pump to the teflon 

stopcock. A window 12 by 12 inches was made at the front of the box 

for convenient observation of the progress of the solvent front. 

9. 
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b) Method. 

On a sheet of filter paper* 10 by 16 inches, four pencil marks 

were made 2 inches apart and inches from the lower edge of the 

sheet, Samples of the drug and its metabolites were applied to the 

marks with micropipettes. 

To increase the definition of Separation of each fraction, the 

chamber was saturated with water vapour prior to chromatography. Two 

glass mortars with distilled water were placed inside the solvent 

trough, and the inner wall of the glass cylinder was covered with 

filter paper moistened in distilled water. 

A mixture of acetic acid, benzene and water in the proportions 

200: 400: 600 mls. was used as the developing solvent. 

when the chamber was saturated with water and solvent vapour 

(this equilibration process took at least 16 hours), the rack holding 

the filter papers with the samples was placed in a vertical position 

in the solvent trough and the cabinet was made airtight. A rubber 

tube joining the vacuum pump and the nitrogen bomb was then connected 

to the stopcock situated on the upper steel plate. Air from the 

chamber was drawn out by the vacuum pump and nitrogen was then intro-

duced until the pressure inside the cylinder was identical with that 

of the atmosphere. The same procedure was repeated three times in 

order to ensure the complete evacuation of air from the cylinder and 

the establishment of anaerobic conditions. Sixteen hours were required 

to obtain a good chromatographic separation. 

* Whatman No. 1: Fisher Scientific Co., Toronto 
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o 
The chromatograms were dried in an oven at 50 for 30 minutes 

and then sprayed with a one percent alcoholic solution of iodine to 

locate the limits of the fractions, though the positions of thionol 

and phenothiazone were usually visible without spraying. The spot of 

phenothiazine-5-oxide was more easily detected when sprayed with hydro-

chloric acid 8N. 

A typical chromatogram of phenothiazine and its oxidation deriva-

tives is given in Figure No. 3« 

B. Spectrophotometry. 

1) Qualitative determination of phenothiazine, phenothiazone and 

thionol was established by the method of Oliver and Funnell (49). 

2) The colorimetric determination of phenothiazine-5-oxide. 

According to Barnett and Smiles (2) when the sulfoxide is submitted 

to the action of aqueous hydrochloric acid it is at once converted into 

phenazothionium chloride which is a stable salt. Diphenylamine-ortho-

sulfoxide is colourless in acetic acid in the visible absorption range, 

but with the addition of hydrochloric acid the solution becomes red-brown 

and gives the highest absorption peak at 52Ctou (Figure No. 4). Although 

the change is favoured by increasing the concentration of the acid, the 

concentration of 8N is found to be most convenient to handle. 

After chromatographic separation the section of paper containing 

the phenothiazine-5-oxide was removed and put into a 50 ml. Erlenmeyer 

flask. The product was eluted from the paper by the addition of 5 ml. of 

glacial acetic acid, the flask being stoppered and agitated for 30 



minutes. The solution was filtered and a three ml. aliquot was transferred 

to another 50 ml. flask and three ml. of an 8N solution of hydrochloric 

acid containing one drop of a one percent solution of ferric chloride in 

8N hydrochloric acid were added. The flask was stoppered and agitated 

for two hours. 

The solution was read photometrically against a blank prepared by 

the same method as the unknown. 

Determination of the calibration curve of phenothlazine-5-oxide; 

Exactly 50 mgms. of phenothiazine-5-oxide were dissolved in 100 ml. 

of glacial acetic acid. Ten ml. of this solution were pipetted into a 

200 ml. volumetric flask and diluted to 200 ml. with glacial acetic acid. 

Two, five, 10, 15, 20 and 25 mis. of the diluted solution were 

pipetted into separate 50 ml. Erlenmeyer flasks. To each solution were 

added respectively, 23, 20, 15, 10, 5 and nil mls. of glacial acetic 

acid. The vessels were stoppered and agitated on a mechanical mixer for 

15 minutes. Fifteen mls. of each solution were transferred to a second 

50 ml. Erlenmeyer flask and 15 ml. of 8N hydrochloric acid and 5 drops of 

a one percent solution of FeCl^ in 8N hydrochloric acid were added to each 

sample. The solutions were stoppered and agitated mechanically for two 

hours. 

They were then read in the Klett-Summerson photometer, using a 

No. 52 filter, against a blank prepared by adding 15 ml, glacial acetic 

acid, 15 ml. HC1 (8N) and 5 drops FeCl, (1% in 8N HCl). The reaction 

followed Beer's Law for the concentrations tested (Figure No. 5). 

12. 
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Chromatography and Spectrophotometry of Phenothiazine and its 
Derivatives after extraction from the Body. 

DeKalb cockerells*, 8 to 10 weeks old were used in this study. 

These birds had been on commercial mash prior to experiment. Chickens 

to be used for drug metabolic studies were fasted overnight and dosed 

with one gram of purified phenothiazine by means of gelatin capsules 

administered orally and manipulated directly into the crop. 

Bach bird was killed at a designated time after drug administra-

tion. The time intervals selected were one-half, one, two, three, 

four, five, six, 16, 24, and 48 hours post-treatment. 

Immediately after the bird was killed, the digestive tract, liver, 

kidneys and gallbladder were removed from the abdominal cavity. The 

digestive tract was divided arbitrarily into: crop, proventriculus, 

gizzard, small intestine (from gizzard to the junction of the caeca 

with the large intestine), caeca, large intestine and cloaca. The 

contents from the various parts of alimentary canal as well as excreta, 

homogenized liver, kidneys and gallbladder were transferred to 

Erlenmeyer flasks. The drug and its derivatives were extracted by an 

acetone-methanol-formaldehyde mixture (1: 1:. 05) which was added to the 

flasks at the rate of 10 ml. of solution for each gram of material to 

be extracted. The flasks were stoppered and mechanically shaken for 

30 minutes and the extracts were filtered and kept in stoppered tubes 

in a dark place until analyzed. 

* Harvey's Poultry Farm 
K. E. 2, Guelph, Ontario 
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Fifty microliters of extract from the content of the crop, gizzard, 

proventriculus, small Intestine, caeca, large intestine, and cloaca and 

from excreta, and 0. 1 ml. of extract from liver and kidneys were applied 

to filter paper and chromatographic separation followed by quantitative 

determination of drug and its metabolites were performed as previously 

described. The determination of phenothiazine in serum was made by the 

methods of Harpur et al (27) and Collier et al (I2)j of leucophenothia-

zone in serum and plasma by the method of Harpur et al (27), and the 

total water soluble conjugates in plasma, kidneys and liver by a modified 

(20) method of Collier et al (12). 

Isolation of the Metabolites from Bile. 

During chromatography of bile extracts it was found that certain 

bile constitutents interfered with the chromatographic separation of 

phenothiazone and thionol, producing diffuse, poorly defined patterns. 

To reduce this interference 0. 5 ml. of bile extract was streaked 

inches from the lower edge of the chromatographic paper. After chromato-

graphic development the spots of drug metabolites were cut out and 

eluted with 25 ml. of absolute methanol. The eluate was evaporated to 

five ml. in an atmosphere of nitrogen. One ml. of the evaporated 

eluate was applied to a chromatographic sheet. Good separation of the 

metabolites was effected by the method described above. 
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Isolation and Identification of Phenothiazine and its Metabolites in 
Caecal Contents. 

Caecal contents from a bird dosed with one gram of phenothiazine 

and killed 24 hours after drug administration were extracted with ab-

solute methanol. The extract was filtered and transferred to a separa-

tory funnel, twice the volume of reagent grade chloroform was added and 

the contents shaken vigorously. An excess of water was added to effect 

the separation of the chloroform solution. The chloroform phase was 

drawn slowly through an alumina column, previously moistened with 

chloroform. 

An intense red band moved down the column and into the effluent 

and a blue-purple band was adsorbed on the top of the column. The 

column was washed with chloroform, followed by acetone to remove traces 

of unabsorbed substances. The chloroform eluate was evaporated to dry-

ness, yielding a dark reddish-brown residue. 

The residue was treated with a boiling water and, after cooling, 

was filtered. One-half of this water extract, hereafter referred to 

as Fraction No. 1, was treated with reagent grade chloroform and ben-

zene, to permit transfer of this coloured material to those particular 

solvents. The other half was divided into three portions; d-tartaric 

acid was added to one portion, acetic acid to the second and sodium 

hydroxide to the third, in order to obtain half saturated, 50 per cent, 

and 0. 01 N solutions respectively. 

The residue remaining after water treatment was washed several 

times with boiling water and recrystallized by the method previously 

described (See: Purification of phenothiazine). These crystals, here-
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after referred to as Fraction No. 2, were dissolved in absolute methanol 

and the solution was read with spectrophotometer in the ultraviolet 

range. 

The fraction adsorbed to the upper part of the alumina column was 

eluted from the column by the addition of 95 per cent ethanol and 

the eluate evaporated. The residue, which will be referred to as the 

Fraction No. 3, was divided into four portions. each of those four 

portions were then dissolved with sodium hydroxide 0. 01 N, sulfuric acid 

8N, 95 per cent ethanol, and water respectively. 

Each of above solutions was then scanned on the Beckman model DK 

spectrophotometer through the visual or ultraviolet spectrum ranges. 

Isolation and Identification of Phenothiazine and its Metabolites in 
Excreta. 

Three birds were fasted overnight and each was dosed with one 

gram of purified phenothiazine. The chickens were kept in metallic 

cages and the excreta was collected during the 24 hours period follow-

ing drug administration. 

The drug and its derivatives were extracted from the excreta with 

methanol, and the extract was evaporated on waterbath to one-fifth of 

its original volume. The concentrated methanol extract was transferred 

into a separatory funnel, twice its volume of chloroform was added and 

the two solutions were mixed by vigorous shaking. The addition of the 

chloroform precipitated the greater part of the methanol soluble ex-

cretory fractions other than phenothiazine and its metabolites which 

then were removed by filtration. The filtered mixture was transferred 
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Into a large beaker and one-half its volume of distilled water was 

added. The two organic solvents were removed from the mixture by 

evaporation on a boiling waterbath. The removal, of the organic 

solvents precipitated crude phenothiazine which was recovered by 

filtration. The coloured components in the aqueous phase then were 

extracted three times with chloroform. 

The combined chloroform extract was drawn slowly through an 

alumina column, previously washed with chloroform. A blue-purple 

band appeared on the top of the column from which a reddish band 

separated and passed through the column with the eluate. The column 

was washed with chloroform and allowed to stand for a few hours at 

room temperature. 

The chloroform eluate when evaporated on waterbath to dryness 

yielded a reddish-brown solid. The residue was recrystallized from 

30 ml. of water and reddish crystals were recovered. The crude 

phenothiazine was purified by the method previously described (Sees 

Purification of phenothiazine). 

The blue-purple band which had adsorbed on the top of the column, 

was removed by the addition of 95 per cent ethanol, leaving green and 

grey bands at the top of the column. By rechromatography of this 

ethanol eluate on a fresh column washed with ethyl alcohol, only a 

trace of green and grey bands appear on the top of the column. After 

filtration the ethanol eluate was evaporated to dryness. 
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The melting points, ultraviolet, infra-red and visible transmittances 

of ethanol-eluate residue (Fraction B), crystals from water solution 

(Fraction A), and those obtained by three times recrystallization in 

95 per cent ethanol (Fraction C) were measured. The determination of 

glucuronic acid in Fractions A and B was made by a modified (3) method 

of Kozolowski (46). 



RESULTS 

The distribution of phenothiazine and its oxidative metabolites, 

phenothiazone and thionol, in the contents of the digestive tract and 

excreta, and in the liver, bile, kidneys and plasma, was established 

, as previously specified, and the data are presented in Tables 1, 2, 3 

and 4. 

Crop. Phenothiazine reached its maximum concentration in the crop, 

835 mgms, 30 minutes after administration. The concentration of the 

drug then decreased constantly with time, so that 24 hours after 

treatment only 1. 3 mgms were detectable. At 48 hours after the dosing 

no detectable amount was present in this part of the digestive tract. 

Proventriculus« There was no evidence of extensive accumulation of 

the drug ih the proventriculus. The phenothiazine level in this por-

tion of digestive tract was low throughout the experiment. It reached 

a concentration of 5. 7 mgms at 30 minutes, increased to 23 mgms at two 

hours post-treatment, decreased to 1. 6 mgms at three hours, and remained 

relatively unchanged from the third to the 24th hour after treatment. 

No drug could be detected in the proventriculus 48 hours after dosing, 

thus its disappearance from this organ corresponded with its removal 

from the crop. 

Gizzard. Phenothiazine appeared in the gizzard shortly after its ad-

ministration to the birds. Its concentration in this organ was 15. 2 

mgms within the first 30 minutes and the drug reached its peak, 470 

mgms, in the gizzard at four hours post-treatment. After four hours 
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there was a consistent decrease in the drug. 'concentration with time. 

Only 6 mgms were present at 48 hours. 

Neither the crop, proventricuius nor the gizzard contained de-

tectable quantities of the oxidative derivatives, even though largo 

quantities of the parent compound were present, 

Small intestine. Three mgms of phenothiazine were detected in the 

small intestine one hour after administration. The drug concentration 

in this portion of the intestines increased slowly, reaching its -maxi-

mum concentration of 330 mgms at six hours. The concentration remained 

high until 16 hours after dosing, and decreased slowly during the 

following 32 hours. 

Phenothiazone was first recovered from the small intestine at 

six hours, and thionol at 16 hours post-treatment. The amount of 

phenothiazone was greater than thionol at 16 hours, lower at 24 hours, 

but their concentrations were essentially equal at 48 hours. Minimum 

levels of each of the metabolites in the small intestine, 0. 36 mgm of 

phenothiazone and 0. 34 mgm of thionol, occurred at 48 hours. 

Caeca. Phenothiazine and its metabolites which were isolated by means 

of an alumina, column (See» Experimental Procedure) from the caecal 

contents were analyzed on the Beckman Model-DK spectrophotometer. 

Three fractions were recovered. In the visual spectrum, Fraction No. 1 

gave the same maxima and infections as synthetic phenothiazone in 

five solvents. The results are presented in Table no. 5 and in Figures 

Nos. 8, 9, 10, 11, 12 and 13. 



In the ultraviolet spectrum with absolute methanol as solvent 

Fraction No. 2 (Figure No. 14) gave minima at 253 and 316 mu and. 

the maxima at 281-282. mu. A similar curve was obtained using puri-

fied phenothiazine. 

In the visible spectrum, using four different solvents, Fraction 

No. 3 gave minima which were identical with synthetic thionol when 

calculated by the Lewis rule (40). However, in each case the maximum 

was shifted to the left. The results are presented in Tables No. 6 

and Figures nos. 15, 16, 17 and 18. 

Phenothiazine was first detected in the caeca at the fourth hour, 

and its concentration in this part of the tract coincided with the 

progression of the drug through the small intestine. It increased 

constantly during the succeeding hours reaching its peak, 15 rngms, at 

24 hours. Its removal from this site was slow, 40 per cent (6. 7 mgm) 

of the maximum concentration attained still remained at 48 hours. 

Phenothiazone was first detected in the caeca at four hours and 

thionol at five hours post-treatment. Maximum concentrations of 

phenothiazone and thionol, 3. 0 and 0. 9 mgms, respectively, occurred 

at 16 hours. After the 16th hour the levels decreased, but were re-

latively high 48 hours after the administration of the parent compound. 

Large intestine. In the large intestine phenothiazine was detected at 

four hours. It reached its maximum concentration, 0. 8 mgm, by the 16th 

hour and its level then decreased slowly during the fallowing 32. hours. 

0. 1 mgm were present 48 hours after administration. 

21. 
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Phenothiazone and thionol appeared in large intestine at five 

hours post-treatment. The amount of phenothiazone was consistently 

greater than that of thionol throughout the duration of the experi-

ment. Maximum level of phenothiazone was at 48th hour, and those of 

thionol at 16th hour. Both metabolites were present in large intestine 

in detectable amounts 48 hours after treatment. 

Cloaca and Excreta. Phenothiazine and its oxidative metabolites 

isolated from excreta in crystalline forms (Sees Experimental Procedure) 

were analyzed on the Beckman Model-DK spectrophotometer in the ultra-

violet and visible transmittances ranges and on the Beckman Model-IE 4 

spectrophotometer in the infra-red range. Fraction A gave the same 

maxima and minima as synthetic phenothiazone. The results are presented 

in Table no. 7 and Figures Nos. 19 and. 20. In the ultraviolet and 

visible ranges using three solvents Fraction B gave the same minima as 

synthetic thionol. The results are presented in Table No. 8 and 

Figures Nos. 21, 22, 23 and 24. By the Mozolowski test (46) Fraction 

A was negative but Fraction B contained 1. 02 per cent of glucuronic 

acid. In the ultraviolet range in absolute methanol Fraction C gave a 

pattern identical with pure phenothiazine. The results are presented 

in Table No. 9 and Figure No. 25. The infra-red spectra of the 

Fraction A (Figure No. 26) and Fraction B (Figure No. 28) in contrast 

to that of synthetic phenothiazone (Figure No. 27) and thionol (Figure 

No. 29) were apparently identical. 

Phenothiazine was detected first in cloaca and excreta at four 

hours post-treatment, and at five hours over 10 per cent of the 
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original dose of the drug administered to the birds was present. 

The excretory rates increased constantly and at 48 hours the greater 

portion of the drug had been eliminated. The phenothiazine isolated 

from excreta in crystalline form (See: Experimental Procedure) gave 

following melting point: 182. 5°C. When this purified excretory pro-

duct was mixed with a purified synthetic phenothiazine, no depression 

in melting point was observed. 

The first appearance of thionol in cloaca and excreta was within 

the first hour post-treatment. At three hours the second metabolite, 

phenothiazone, appeared in cloaca and at four hours in the excreta. 

After four hours the amounts of phenothiazone and thionol in cloaca 

and excreta increased constantly with time and reached its maxima at 

48 hours after administration. 

Bile. After rechromatography of the metabolites (See: Experimental 

Procedure) the upper and lower spots whose Rf values corresponded to 

phenothiazone and thionol respectively, were eluted from paper with 

absolute methanol. The solutions were read on Beckman Model-DK 

spectrophotometer in the visual range. 

The absorption maxima of the upper spot eluate occurred at 370 

and 505 ffifi with an inflection at 420 mu. The same pattern was ob-

served with synthetic phenothiazone. The eluate from the lower spot 

gave absorption maxima at 425 and 590 mp, with an inflection at 450 rap. 

Similar results were recorded with synthetic thionol. 

Phenothiazine was first recovered in the bile four hours after 

dosing. The concentration of the drug increased from 0. 15 nigra to a 



maximum of 0. 4 mgm six hours after administration. Only a small amount 

(0. 06 mgm) remained in the gallbladder at the 48th hour. 

The oxidation derivatives, phenothiazone and thionol, appeared 

simultaneously at the fifth hour. The concentrations of phenothiazone 

were twice as much as those of thionol at the fifth, 16th and 24th 

hours, practically equal at the sixth hour and lower at the 48th hour. 

Liver. Although the drug was detectable in this organ soon after treat-

ment, (Figure No. 30), its concentration remained low throughout the 

experiment. The level from the first hour increased slightly, reaching 

its peak level at the fifth hour (l mgm), after which it decreased 

slowly until the end of the experiment. At the 48th hour, the level of 

the drug was half of its maximum concentration (0. 6 mgm) in this organ. 

water-soluble metabolites were observed within one hour of admini-

stration of the parent compound. The concentration increased from 0. 05 

mgm to a peak of 0. 3 mgm at four hours. Only 0. 08 mgm were present 

after 16 hours. The level of the fractions in the liver after the 

fourth hour decreased in a parallel fashion with the appearance in the 

bile of phenothiazone and thionol. At the 24th hour the amount of 

metabolites increased to 0. 12 mgm, increasing to 0. 15 mgm by the 48th 

hour. 

Kidneys. No phenothiazine could be detected in the kidneys during any 

stages of the experiment. The water-soluble oxygenated derivatives 

appeared in the kidneys within the first hour after drug administration 

coinciding with the appearance of thionol in the cloaca and excreta. 

The level at the end of one hour, which was 0. 1 mgm, fluctuated throughout 
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the remainder of the experiment. Thus the second and fifth hour levels 

were higher than the first, third, fourth and sixth hour levels 

respectively. The 16th hour concentration was lower than the sixth 

hour but higher than the 24th hour, which was lower than the 48th hour 

concentration. 

Plasma. No Dlphenylamine ortho-sulfoxlde was detected by the method 

of Harpur et al (27) in the serum or plasma of the dosed bird at any 

time during the experiment. 

The presence of phenothiazine and leucophenothiazone in the serum 

and in the plasma was established by the first hour. The amounts of 

phenothiazine and its total oxygenated derivatives at that time were 

0. 3 and 0. 6 mgm per 100' ml. of plasma respectively. The concentration 

of phenothiazine increased during the following hours, reaching its 

level, 3*5 mgms, at the 16th hour. By the 48th hour, the amount of 

drug present in the circulation was slightly lower than at the end of 

the first hour. The oxidation derivatives in plasma were higher in 

concentration but parallel to that of the parent compound throughout 

the experiment. 
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DISCUSSION AND CONCLUSIONS 

The study of the metabolism of purified phenothiazine in the 

chicken was investigated by means of paper chromatography, spectro-

photometry and by direct colorimetric methods. 

It was evident one hour after administration that in the bird, 

as in the rat (15 and 16), rabbit (12 arid 15), swine (12) and man 

(15, 16 and 17), the absorption of phenothiazine could proceed inde-

pendently of any detectable oxidative change in the molecule. At-

tempts to devise a surgical technique for the collection of blood 

from the portal-hepatic venous system were unsuccessful, thus it was 

not possible to establish directly whether the compound was absorb-

able only as phenothiazine. However, since 

(1) only phenothiazine was present in the small intestine, 

when only phenothiazine and leuco-phenothiazone could 

be detected in serum and plasma, and 

(2) only phenothiazine was present in the small intestine 

when phenothiazine and its derivatives were also detect-

ed in the liver, It was concluded that all of the com-

pound absorbed during the first four hours following 

administration was absorbed as phenothiazine. 

From the fifth to the 48th hour the concentration of the oxida-

tive derivatives in blood and bile varied directly with their con-

centration in the lower intestinal tract. Throughout this time, 

since phenothiazine derivatives were detected only adjacent and 
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posterior to the bile duct, it appeared that any derivatives present 

in the intestinal tract were derived by way of the bile and blood 

from that portion of the phenothiazine which had been absorbed and 

had undergone metabolic oxidation. 

During this same period the plasma concentration of phenothiazine 

varied directly with the concentration of the drug in the small 

intestine. Conversely, the concentration of oxidative derivatives 

in the plasma varied inversely with their concentration in the small 

intestine. Since no absorptive mechanism has been described in which 

the rate of intestinal absorption of a drug increases with a decreas-

ing concentration gradient, the previously described observations 

were supported and it was concluded that in the bird, unlike calves 

and pigs, only phenothiazine was absorbed. 

As stated previously, because of the technical difficulties of 

collecting blood draining the alimentary tract, particularly the small 

intestine, of poultry, direct analyses were impossible. However, the 

presence of phenothiazine in the serum and plasma was detected only 

after the drug had reached the small intestine. Also, the concentra-

tion of phenothiazine in the plasma varied in the same direction as 

its concentration in the small intestine. This simultaneous detection 

of the drug in the small intestine and in the circulation and the 

comparable nature of the drug's concentration in the blood and intesti-

nal tract gave good indirect evidence that the site of absorption is, 

at least chiefly, in the small intestine. 
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The metabolic fate of phenothiazine has been reported for various 

animal species (3, 10, 11, 12, 15, 16, 17, 19, 27, 39 and 59) and man (15, 16 and 

17). The results indicated that, depending upon the species, the parent 

compound was converted, in part, to phenothiazone, thionol, their leuco-

forms and/or diphenyl amine ortho-sulfoxide. In the chicken it was 

found that phenothiazine was oxidized to leucophenothiazone and leuco-

thionol. There was no evidence, however, that this species can convert 

phenothiazine to diphenyl amine o-sulfoxide as reported for calves (11) 

and sheep (12). 

The site of oxidation of phenothiazine has not been reported but 

since the oxidation products, phenothiazone and thionol were detected 

in the bile before either was present in the small intestine it gave 

good presumptive evidence that the liver was the initial site of oxida-

tion. But the liver was not the sole site of oxidation. Phenothiazone 

was recovered from the caeca one hour before it wan present in any other 

part of the alimentary tract indicating that phenothiazine was also be-

ing oxidized in these organs, an important area of anthelmintic activity 

of this drug in the bird. The result was interesting because it has 

been reported that phenothiazine also is oxidized in the caecum of 

horses (12) and rumen of cattle (10) and sheep (28), organs which are 

physiologically analogous to the caeca of the chickens (58). The obser-

vation also re-emphasized the possible relationship between bacterial 

action, oxidation and anthelmintic activity observed previously by 

De Eds and Thomas (17) and Oliver (48). 
% 



The major part of the phenothiazine which was administered orally 

to chickens in these experiments, was eliminated by way of the intesti-

nal tract. Depending upon its metabolic fate, two excretory routes 

were available for the removal of the phenothiazine which was absorbed 

by the bird; the kidneys and the bile. The demonstration of pheno-

thiazine in the bile indicated that the fraction of the absorbed pheno-

thiazine which escaped oxidation was returned to the intestinal tract 

by way of the gallbladder. Since both thionol and phenothiazone were 

present in the bile before they were found in the small intestine, it 

was apparent that part of the oxidized fraction was also removed from 

the body by way of the bile. The remaining oxidized fraction was ex-

creted through the kidneys. The failure to detect phenothiazine in 

either the kidneys or urethrae indicated that either the compound per 

se was not excreted by way of the urine or it was only excreted in 

insignificant amounts. 

Phenothiazine was removed from the body in an expotential manner, 

that is, the rate of its removal at any instant was dependent upon the 

concentration of the drug in the body at that time. At one hour after 

administration, 95 per cent of the original dose remained in the body. 

There was little change in this concentration of phenothiazine during 

the ensuing first three to four hours, the time required for it to pass 

through the alimentary tract. Its removal thereafter was rapid. About 

78 per cent was present at six hours; 30 per cent at 24 hours and 

approximately 12 per cent at 48 hours. 
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The derivatives, after reaching a maximum concentration between 

the sixth to 12th hour, also were excreted at a rate which depended 

upon the amount present. Approximately 40 per cent of the maximum 

level was excreted by 24 hours and only 1. 04 mgm remained in the body 

at 48 hours. 

Both phenothiazine and its derivatives were excreted most 

slowly from the caeca than any other site in the bird. Forty per cent 

of the maximum level of phenothiazine attained and 56 per cent of its 

derivatives remained at 48 hours after treatment. Thus in the caeca 

susceptible organisms are exposed to the action of phenothiazine or 

its metabolites for longer periods than parasitic forms in other 

sites, a factor which may explain in part, its pharmacological effi-

ciency in this site. 

Phenothiazine, when administered orally, to chickens was excreted 

from the body in four forms, unconjugated phenothiazine, unconjugated 

leucophenothiazone, unconjugated leucothionol and leucothionol conjugated 

with glucuronide. Both of the reduced forms were rapidly oxidized to 

phenothizone and thionol after passing from the cloaca. 

The nature of the excretory products of this drug in other species 

are presented in Table No. 10. It is seen that the excretory forms in 

the chicken resemble those of the rabbit (3, 12, 15, 16 and 17). Although 

the forms of the excretory products of phenothiazine were similar in 

the chicken and rabbit, the ratio of conjugated to non-conjugated thionol 

in the chicken was in the order of 1: 99 whereas in the rabbit it was 

found to be 99: 1. 



In the chicken the excreted fraction differed from most other 

species investigated chiefly in the nature of the conjugated fraction. 

In our case spectral analyses of extracts at various times and from 

various tissues and excreta failed to reveal the presence of the sul-

fate radical which was common to the conjugated excretory forms in 

the sheep, horse and cow. 

From these results it appears that if the bio-activity of pheno-

thiazine depends upon some metabolic change by the body, the pharma-

cologically significant fraction is either leucophenothiazone or leuco-

thionol, results which supported previously reported in vitro investi-

gations of the pharmacological mechanism of phenothiazine (48). 

31. 
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SUMMARY 

Methods are given for the purification of phenothiazine N. F. 

and the preparation of its oxidation derivatives, phenothiazone, 

thionol and phenothiazine-5-oxide. 

An apparatus and methods are described for the separation of 

the drug and its metabolites from biological materials and their 

estimation by colorimetric methods. 

The site and form of absorption and oxidation of phenothiazine 

and the nature and site of the excretory products are discussed. 

The chronological distribution of phenothiazine and its metabo-

lites in the chicken and their possible pharmacological significance 

are considered. 
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Figure No. 1. Chromatographic Chamber 

C - Pyrex Cylinder? Pt - Upper Stainless Steel Plate with a Stopcock 
in its Center; Fb - Lower Stainless Steel Plate; T - Polyethylene 
Solvent Trough; P - Pyrex Glass Frame; R - Glass rod. 



Figure No. 2. Wooden box for covering chromatographic apparatus. 



Figure No. 3. Chromatogram showing the positions, from bottom of 
phenothiazine, thionol, phenothiazone and phenothiazine-5-oxide respectively. 



Figure No, 4 Transmittance curve of the reaction product of phenothiazine-
5-oxide; minima at 440 and 520 mu., maxima at 390 and 4?0 mu. 



Figure No. Calibration curve of phenothiazine-5-oxide. 



Figure No. 6. Ultraviolet absorption of phenothiazine, phenothiazine-5-
oxide and phenothiazone-3. 

v 





Figure Ho. 8. Spectral curves of Fraction No. 1 extracted from 

caeca and of synthetic phenothiazone in visual 

range with chloroform as solvent. 

Figure No. 9« Spectral curves of Fraction No. 1 extracted from 

caeca and of synthetic phenothiazone in visual 

range with benzene as solvent. 





Figure No. 10. Spectral curves of Fraction No. 1 extracted 

from caeca and of synthetic phenothiazone in 

visual range with water as solvent. 

Figure No. 11. Spectral curves of Fraction No. 1 extracted 

from caeca and of synthetic phenothiazone in 

visual range with sodium hydroxide 0. 01 N as 

solvent. 





Figure No, 12, Spectral curves in visual range of Fraction No. 1 

extracted from caeca and of synthetic phenothiazone 

with d-tartaric acid, half saturated solution, as 

solvent. 

Figure No. 13. Spectral curves in visual range of Fraction No. 1 

extracted from caeca and of synthetic phenothiazone 

with acetic acid, 50 per cent solution, as solvent. 





Figure No. 25. Spectral curves in ultraviolet range of Fraction 

C extracted from excreta arid of the purified 

phenothiazine with absolute methanol as solvent. 

Figure No. 14. Spectral curves in ultraviolet range of Fraction 

No. 2 extracted from caeca and of purified pheno-

thiazine with absolute methanol as solvent. 





Figure No. 15. Spectral curves in visual range of Fraction No. 3 

extracted from caeca and of synthetic thionol 

with sulfuric acid 8 N as solvent. 

Figure No. 16. Spectral curves in visual range of Fraction No. 3 

extracted from caeca and of synthetic thionol 

with sodium hydroxide 0. 01 N as solvent. 





Figure No. 18. Spectral curves in visual range of Fraction No. 3 

extracted from caeca and of synthetic thionol with 

95 per cent ethanol as solvent. 

Figure No. 17. Spectral curves in visual range of Fraction No. 3 

extracted from caeca and of synthetic thionol with 

water as solvent. 





Figure No. 19. Spectral curves in visual range of Fraction A 

extracted from excreta and of synthetic pheno-

thiazone with sodium hydroxide 0. 01 N as solvent. 

Figure No0 20. Spectral curves in visual range of Fraction A 

extracted from excreta and of synthetic pheno-

thiazone with absolute methanol as solvent. 





Figure No. 21. Spectral curves in visual range of Fraction B 

extracted from excreta and of synthetic thionol 

with absolute methanol as solvent. 

Figure No. 22. Spectral curves in ultraviolet range of Fraction B 

extracted from excreta and of synthetic thionol 

with absolute methanol as solvent. 





Figure No. 23. Spectral curvets in visual range of Fraction B 

extracted from excreta and of the synthetic 

thionol with sodium hydroxide 0, 01 N as solvent. 

Figure No. 24. Spectral curves in visual range of Fraction B 

extracted from excreta and of the synthetic 

thionol with sulfuric acid 8 N as solvent. 





Figure Mo. 26. (Top) Infra-red transmittance curve of Fraction A, 

isolated from excreta. Preparation: mineral 

oil paste. 

Figure No. 27. (Bottom) Infra-red transmittance curve of synthetic 

phenothiazone. Preparation: mineral oil 

paste. 





Figure No. 28. (Top) Infra-red transmittance curve of Fraction B 

isolated from the excreta. Preparation: 

mineral oil paste. 

Figure No. 29. (Bottom) Infra-red transmittance curve of synthetic 

thionol. Preparation: mineral oil paste. 





Figure No. 30 Comparison of the spectral curves of purified 
phenothiazine and of the fraction extracted 
from the liver. 
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