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ABSTRACT

Phenothiazines have been reported to be rather often the cause of acute
intoxications, either in overdoses or in associations with other medicines
and / or alcohol. These drugs are frequently encountered in the field of
forensic toxicology because of their relatively narrow safe ranges of
therapeutic doses. In this paper we have described the thin layer
chromatographic separation of four of the phenothiazine drugs
(prochlorperazine, promethazine, chlorpromazine, trifluroperazine) assuch
and also to assess their degradation products after an “in situ” acid
hydrolysis on the chromatoplate. Our aim was to develop a simple, rapid
and efficient method for separation of these phenothiazine drugs. Using
pre-coated silicagel G UV, asstationary phase and selecting ten different
mobile we succeeded in the separation of the studied phenothiazines. Each
phenothiazine can be separated from the others by using an appropriate
mobile phase. Any of the phenothiazines can be identified by combining
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the results obtained with different mobile phases.
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INTRODUCTION

The Phenothiazinegroup of drugsisavery effec-
tivemgor tranquilizer. It played amgjor rolein chang-
ing the pattern of treatment, and the“ life style” of the
psychiatric patient. Much lessrestraint or detentionis
now required; and this permitsconsiderably moretreat-
ment on an outpatient basi swith excelent results. Since
so many millionsof dosesare now prescribed, it should
be no surprisethat they are found in so many homes
and that frequently questionsof overdoseor sidereac-
tionsoccur.

Toxicologica dataon |etha poisoningsof humans

by phenothiazinedrugs arescarce. Sincethetoxicity of
e.g. chlorpromazineinrats, miceand guinapigsiscom-
parableto that of certain barbiturate, one could expect
ahighincidence of suicidesby the phenothiazinetype
of drugs. These compounds are quite commonly used
by patientssuffering from depressonsand s milar men-
tdl disordersinwhich suicidesarerelatively frequent.
Thewidespread use of these drugsal so contributesto
cases of accidental poisoning, especidlyin children.
Phenothiazine drugsarewidely used® astranquil -
izers, antihistaminics, antiemeticsand anticholinergic.
Phenothi azi nes have been reported? to berather often
the cause of acuteintoxications, either in overdosesor
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in associ ationswith other medicinesand/ or alcohal.
Thedrugsarefrequently encountered® inthefield of
forens ctoxicol ogy because of their relatively narrow
safe ranges of therapeutic doses. Overdosage with
promethazine preparationsisnot very common, with
fatd poisoningsgeneraly resulting fromtheadditive ef-
fectsof thedrug in the presence of other central ner-
voussystem (CNS) depressants.

Bonnichsen et al ¥ havereported the concentra-
tion and distribution of phenothiazinedrugsinthebody
fluidsand tissuesof sixty Sx autopsy casesarereported.
The cases are presented in three groups: (i) thosein
which poi soning by aphenothiazine drug wasthe sole
cause of death, (ii) caseswith “mixed poisoning” by
phenothiazine derivatives and other drugsor ethanal,
and (iii) instances of death by physical meanswhere
phenothiazine drugswerefound but had not directly
caused death. From the data presented it seems that
thelevel of thiskind of drugsintheliver canbeof vaue
for evaluating the severity of intoxication. Rasulev et
al.™ haveinvestigated the post-mortems (stomach,
intestine, kidney and urine) for the chlorpromazine poi-
soning, using methodsof surfaceioni zati on-mass spec-
trometry (SI/MS) aswell as chemical, optical, TLC
and GC/MS. Cimburd® had briefly discussed the
methodsof andysisof phenothiazinedrugsinbiologica
materia and themain advantagesand limitationsof the
methodshave a so been reviewed. Steinbrecher” have
studied collaboratively with eight |aboratoriesfor the
identification of phenothiazinederivativedrugsbyaTLC
method. Each collaborator was examined twenty phe-
nothiazinedrugs. Steinbrecher® had studied onthethin-
layer chromatographicidentification of twenty phenothi-
azine basesofficial inthe U.S.P. XX. Onthebasisof
four chemically different solvent systemsand the color
developed with aspray reagent, al phenothiazinescould
be distinguished from each other. For greater preci-
sion, relative R, values have been used. He hasalso
evd uated these solvent systems, therelative efficien-
ciesof various brands of commercially prepared thin-
layer plates. Wieter et al [ have studied the TL C sepa-
ration of twel vedrugsfrom threepharmaceutical groups:
phenothiazinesand tri and tetracyclic antidepressants.
Jain et al .9 were d s0 presented two newly devel oped,
TLC solvent systemsto separateand i dentify commonly
used phenothiazinesin the presence of other drugsin
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urine specimens. Temerdashev et al.*¥ have pro-
posed the chromatographic behavior of phenothiaz-
inederivatives. Theeffect of interactionsof different
types on the value of their chromatographic reten-
tion isestimated; therel ation of the obtained coeffi-
cients of equationsfor the substancesunder study is
analyzed. The obtained empirical dependencesare
used to cal culatethe R, values. Sincethe beginning,
planar chromatography had awide applicationinthe
pharmaceutica field. Nowadays, in additionto quali-
tativeanaysis, TLC isalso used for quantitative pur-
poses. However, it isnot used in quantitative analy-
sig'?, in spiteof its precision, accuracy, and reliabil-
ity reached asan instrumental technique. It provides
aquick, economical, and reliable method for rapid
screening of pharmaceuticals. Inthisstudy our am
was to develop a useful rapid and sensitive TLC
method for identification and separation of four of
the phenothiazine drugs (prochlorperazine, promet-
hazine, chlorpromazine, trifluroperazine), and alsoto
assesstheir degradation after an “in situ” acid hy-
drolysisonthe chromatoplate. Thedetectionby TLC
without prior hydrolysiswasthereforealsotried. The
present work was undertaken in order to use
unimpergnated, thin layers of Silicagel GUV , as
an adsorbent and to devel op economical and con-
venient methodsfor the separation and detection of
phenothiazinedrugs.

EXPERIMENTAL

Materials

Silicagel G UV, precoated commercial plates
(20x20 cm, 0.25 mm thickness) were supplied by
Merck (Darmstadt, Germany). A 10 ulL. Hamilton sy-
ringecaibrated at 0.1 uL intervals was used.

Substanceswere applied to the plateswith theaid
of 10 uLL Hamilton syringe; spots were visualized using
aspray gun.

Reagentsand chemicals

Phenothi azine drugsprochl orperazine, promethaz-
ine, chlorpromazineand trifluroperazine, drugswere of
pharmaceutical grade. All of the solventsand reagents
used wereof andytical reagent grade. Delonized water
wasused to preparedl solutions. Freshly prepared so-
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PREPARATION OFREAGENTS

Dragendor ff’sreagent

Stock solution: Dissolve 1.7 g of basic bismuth
nitrateand 20 g of tartaric acid in 80 mL of deionized
water; dissolve 16 g of potassium iodidein 40 mL of
deionized water; mix equa volumes of thesetwo solu-
tions. Thissolutionisstablefor several monthswhen
storedinarefrigerator.

Spray solution: Mix 1 part of stock solutionwith
10 partsby volume of 1.33 mal/l aqueoustartaric acid
solution.

| odine methanol solution: Onegram of iodineis
dissolvedin 125 mL of methanol.

Sulphuric acid (10%) : 10 mL of sulphuric acid
dissolvedin 90 mL of distilled water

Samplepreparation

A total of 20 tabletswere accurately weighed and
powdered inamortar. An amount equivalentto 10 mg
of phenothiazinedrugsweretaken and dissolvedin 10
ml of methanol and sonicated for five minutes. About
20 mL of methanol was added and sonicated for fur-
ther 5minutes. The mixturewas mixed well for 2min-
utesand transferred to a100 mL volumetricflask through
aWhatmann No. 40 Filter paper. The residue was
washed thricewith methanol and the combinedfiltrate
was made up to the mark with methanol. Thesample
sol ution thus prepared was dil uted with methanol to get
the sol utions containing different concentrations of phe-
nothiazinedrugs. These solutionswerestored in well
closad vessd sand direct contact withlight wasavoi ded.

Procedure

The plateswere divided into strips 1.5 cm wide
and solute spots were applied using a calibrated
Hamilton syringe. Then, 2-10 uL each of the drug solu-
tionswere spotted onthe TLC platesas separate spots.
The plateswere developed in aclosed glasssintered
chamber containing developing solvents (listed in
TABLE 1), having 30 minutes prior saturation at 25-
30° C temperature. The solvent in the chamber was
alowedtoreachthel ower edgeof theadsorbent, though
the spot pointswerenot allowed to beimmersed. The

cover wasput in place, and thesystemwas maintained
until the solvent ascended to apoint 10to 15 cmabove
theinitial spots; thisusually required about 30 to 90
minutes. After aplate had been run, the platewasre-
moved from the devel oping chamber anddried inair.
Non-destructive procedure, such asthe use of ultra-
violet light (both 254 nm and 356 nm) was then used
for thelocalization of separated spots. After that plates
wereprayed by two different methodsusing chromoge-
nicreagents, (i) dragendorff ’s reagent (ii) iodine/metha-
nol reagent and (iii) sulphuric acid (10%) for theidenti-
fication of phenothiazinedrugs. The R valuesfor the
separated drugswererecorded. All experimentswere
carried out at room temperature.

TABLE 1: Developing solvent system for Phenothiazine
drugs.

it ARa
S.No System Developing solvent Com(p\;/c/a\?)tmn
Chloroform:
1. | methanol 50: 50
Methanol:
2. 1 ammonium 100: 2.5
hydroxide
3. 11 Chloroform: acetone 90:10
4. v Ethyl acetate 100
Ethyl acetate:
5 \Y methanol: 70: 20: 10
ag.ammonia
6. VI Chloroform: toluene: 40'50:10
methanol
7 VI ChIoroform: ethanal: 75:15:5
ag.ammonia
Cyclohexane:
8. VI toluene: 75:15:10
dimethylamine
Hexane: ethyl
9. IX acetate: methanol: 50:50:10:0.3
ag.ammonia
Hexane (for
10. X hydrolyzed drug) 100

aThe developing solvents are expressed as parts, not
percentages; "Developer containing volatile materials such as
NH,OH should be prepared just prior to useand not; stored for
futureNH,OH has been prepared as 1.5 mL aq.NH, in 3 mL of
distilled water.

Procedurefor in situ hydrolysis

Theamount of 0.5 uL of each phenothiazine drugs
were spotted on thechromatoplate. Then 0.5 uL dilute
sulphuric acid (10%) was placed over each spot; there-
after the plate was covered with aglassplate and kept
for 15 minutesin an oven at 120° C. The plate was
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cooled at room temperature and on each spot 0.5 uLL
concentrated ammoniasolution (25%) wasplaced. The
spotswere dried by heating at 120°C for 5 minutes.
The aforementioned procedure has been followed for
thisexperiment.

RESULTSAND DISCUSSION

Silicagel GUV,,, wasused as an adsorbent. The
use of adsorbents containing fluorescent inorganic pig-
mentsisadvisablefor the detection of substanceswhich
absorbinthe UV-region. The great advantage of this
method isthat the separated materia s can be detected
without being chemically modified™in any reaction.
Thereisvirtualy no differencein the performance be-
tween fluorescent and non-fluorescent plates, though
theformer hasthe advantage of visibility of aspot un-
der ultraviolet light.

Thedevdoping solvent sysemsaregiveninTABLE
1. The R, valuesin various solvents and the colours
developed at each stagefor phenothiazinedrugsare

—— Fyll Peper

givenin TABLE 2. Solvent systems| to X were pro-
posed for phenothiazinesdrugsand visudizationsof the
separate drugswere performed by both short and long
wavelength UV (254 nm & 356 nm) and also sprayed
with Dragendorff’s reagent, iodine in methanol and fol-
lowed by 10% sul phuric acid. For al of thedrugsthe
Dragendorff’s spray gave orange spot in solvent sys-
temsll, IV and VI. Inthelodine/methanol spray al of
the drugs gave brown spot in solvent systems|V, V,
V1. Inthe 10% sulphuric acid spray red and reddish
orange color spotswere appeared in solvent systems|
toVI.

It has been observed that out of the ten solvent
systemsfor phenothiazinedrugs, aminimum of three
solvent systemsissufficient for separation and i dentifi-
cation. Whereasinthecaseof insitu hydrolysisfor the
phenothiazinesin the solvent system hexane (X) good
reliabl e separation has been achieved the spotswere
asoidentified using the aforementioned spray reagents.

Theresults obtained are compared with the stud-
ied solvent system aregivenin TABLE 3. Severd sol-

TABLE 2: TheR, valuesof certain Phenothiazinedrugson silicagel GUV,,,

System | System 11 System 111
Drug Colour in Colour in Colour in
Ri UV  DDR [,/CH30H H,SO4 Ri UV  DDR [,/CH30H H,SO. UV  DDR 1,/CH30H H,SO,4
Prochlorperazine 049 NCD NCD NCD Red 9.2 Red Red NCD Red 0.7 NCD NCD NCD Purple
Promethazine 0.5 NCD NCD NCD Orange 9.4 Orange Orange NCD Orange 5.20.6) NCD NCD NCD Purple
Chlorpromazine 049 NCD NCD NCD Red 0 NCD NCD NCD NCD 0 NCD NCD NCD NCD
Trifluroperazine 055 NCD NCD NCD Orange 9.3 Orange Orange NCD Orange 0 NCD NCD NCD NCD
System 1V System V System VI
Drug R Colour in R Colour in Colour in
UV  DDR [,/CH30H H,SO4 UV  DDR [,/CH30H H.SO. UV  DDR 1,/CH3;0H H,SO,4
Prochlorperazine 0.2 NCD Orange Brown Red 0 NCD NCD NCD NCD 3.1(3.5) Brown Orange Brown Orange
Promethazine 4.7(9.2) Purple Orange NCD Orange 0 NCD NCD NCD NCD 2.2 Brown Orange Brown Orange
Chlorpromazine 0 NCD NCD NCD NCD 0 NCD NCD NCD NCD 0 NCD NCD NCD NCD
Trifluroperazine 0.6 Purple Orange Brown Orange 9.8 Orange NCD  Brown Brown 3.3(3.2) Brown Orange Brown Orange

UV : Ultraviolet light in 254nm & 356nm ; DDR: Dragendorff’s reagent;

NCD: No Colour Development ;

TABLE 3: Comparison of R, valuesof Phenothiazinedrugs

R; values
Phenothiazines .
I [ [l v V VI VIl VI IX X (After acid hydrolysis)
Prochlorperazine 049 9.2 0.7 0.2 0 35 O 0 0 0.9(0.8)
Promethazine 05 93 06(52 47092 0 22 8 0 0 4.9
Chlorpromazine 049 O 0 0 0 0 0 0 0 0
Trifluroperazine 055 9.3 0 0.6 98 31 O 0 0 0.7 (0.8)
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vent systems can be successfully used for separation of
the compoundsinvestigated, but it has been observed
that themost successful systemisethylacetate, andin
thiscase R vauesarevery reiable. Inthesame manner
when weobserveafter acid hydrolysisof the phenothi-
azinesinthe solvent system hexane, the R, valuesare
very much reliablethan earlier systems. The solvent
systems studied in thiswork were not reported earlier.

CONCLUSIONS

We consder that it isconvenient to check theiden-
tity of phenothiazinesby the use of three or four chro-
matographic systems. Thismethod isfast and reliable
asfour or even more system can run smultaneoudy at
the same time and many samples can be put on the
same plate. Separation of phenothiazinesusing TLC
can besolved using theintact moleculesor itsdegrada-
tion productsobta ned after in Situ acid hydrolys's, and
areproviding to beavery ussful methodinthe prelimi-
nary of thesedrugs. The chromatographic systemspre-
sented inthis paper permit an easy and rapid identifica-
tion of awiderange of phenothiazinescurrently in use.

Concerning theresults, itisapparentthat TLC is
the method of choiceto confirm the presence of phe-
nothiazinedrugs. Thus, thismethod iswell suited to
anayzethese phenothiazinedrugs. Theseparation and
s multaneousidentification of four phenothiazinedrugs
by TLC wasachievedinthiswork, which hasnot been
previoudy reported. The purpose of thisinvestigation
wasto report on the separation and identification of
four typesof phenothiazinedrugs using various solvent
systemsthat would rapidly separatethesedrugs. Hence,
thisapproach could also be gpplied toidentify the phe-
nothiazinedrugsin drug abuse casesinforensc science
laboratoriesaswell asin pharmaceutical formulations.

ACKNOWLEDGEMENTS

The authors are very grateful to Dr.
M .Panneerselvam, Principa, RgaDoraisingam Gov-
ernment Arts College, Government of Tamil Nadu,
Sivagangai and Dr.A.Cyril, Head of the Department,
Post Graduate Studies & Research Department of
Chemistry, Rgja Doraisingam Govt.Arts College,
Sivagangal - 630 561 for providing constant encour-

Hnalytical CHEMISTRY o

agement and necessary facilities.
REFERENCES

[1] JJ.Lewis; Anintroductionto pharmacology, 3
Edition, Churchill Livingstone, Edinnburgh, (1965).

[2] L.Blendea, D.Balalau, D.L.Baconi, M.llie,
M.lonica, D.Blendea; TimisoaraMedica Journd,
55(5), 156 (2005).

[3] A.Ruri, A.Tetsuya, K.Takeshi, H.Hideki,
N.Hiroshi; Forensic Toxicdl., 25, 8 (2007).

[4] R.Bonnichsen, PGeertinger, A.C.Maehly; Journa
of Legal medicine, 67(3), 158 (1970).

[5] U.K.Rasulev, U.Khasanov, T.K.Islamov,
M.M.Shakhitov, B.Eshmuratov; Problemsof Fo-
rensic Sciences, 43, 231 (2000).

[6] G.Cimbura; J.Chromatographic Science 10(5),

287 (1972).

[7] K.Senbrecher; J.Assoc. Off Ana Chem., 69(6),
1030 (1986).

[8] K.Steinbrecher; J.Chromatogr., 260(2), 463
(1983).

[9] I.Wiater, K.Madej, A.Parczewski, M.K&a;
MicrochimicaActa, 129(1, 2), 121 (1998).

[10] N.C.Jain, W.J.Leung, R.D Budd, T.C.Snegth; The
Americanjournal of medical technology, 41(9),
322 (1975).

[11] Z.Temerdashev, N.Kiseleva, R.Klishchenko,
A.Uddov; Journal of Anayticd Chemistry, 61(1),
2 (2006).

[12] B.Fried, J.Sherma; Thinlayer chromatography, 4"
Edition, Marcel Dekker Inc, New York, (1999).

[13] E.Sahl, Thin Layer Chromatography, GeorgeAllen
& UnwinLtd., London, (1969).

Au Tudian Yournal



