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The analysis of model samples of the drug Aminazin has been performed, its active substance is chlorpromazine
hydrochloride. These model solutions were subjected to sterilization with previous exposure at room tempera-
ture. It has been found that depending on duration of the exposure during sterilization the degradation of the
drug occurs in two possible ways — with formation of opalescence or without it. The schemes of degradation with
formation of either one product — chlorpromazine sulfoxide, or some products — chlorpromazine sulfoxide, chlor-
promazine N-oxide, nor-chlorpromazine and others have been proposed. It has been found that opalescence
of solutions is caused by formation of degradation products — chlorpromazine N-oxide and nor-chlorpromazine
that are slightly soluble in water. The analysis of model samples was performed using the liquid chromatog-
raphy/mass spectrometry methods developed by the authors. In the course of analysis the molecular weights
corresponding to the abovementioned products were obtained. Therefore, the experimental confirmation of the
schemes of degradation proposed has been obtained. As the result of the research conducted the chromato-
graphic method for detection of impurities using liquid chromatography/mass spectrometry has been developed,
and the main ways of degradation of chlorpromazine hydrochloride in aqueous solutions have been determined.
According to the result of the research the recommendations to the manufacturing process have been devel-
oped, and measures for optimizing the composition of the drug have been proposed.

BUBYEHHS NMPOAYKTIB AErPALALII XITOPOIMPOMA3WHY I4POXJIOPUAY METOLOM PIQUHHOI MAC-
CIMEKTPOCKOIII' Y IH’E€KLJINHNX MPEMAPATAX
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Knroyoei cnoea: xnopornpoma3suHy 2i0poxmopud; xraoponpomasuHy cyrnbgokcud; xnopornpoma3suHy N-okcud;
HOP-XJI0PONPOMa3UH; XpoMamomac-criekmpomempisi; npodykmu dezpadauii

lMpoeedeHuli aHani3 ModenbHUX 3paskie npenapamy AMiHa3uH, Oit0HO PEYOBUHOK SIKO20 € X/10POrNpPOMa3uHy
2idpoxnopud. BkasaHi ModesnibHi po34uHU Npotwu cmepusisayito 3 nornepedHbO 8UMPUMKO NpU KiMHamHil
memnepamypi. BcmaHosneHo, wo 3anexHo 8i0 mpusanocmi ekcrio3uyii npu cmepunisayii 0eepadauis npena-
pamy npoxodumse 3a 080Ma MOXIIUBUMU LIsIXaMU — 3 YmMBOPEHHSIM ornanecuyeHuii abo 6e3 Hei. Bynu 3anpornoHo-
8aHi cxemu Oeepadauii 3 ymeopeHHsIM abo 00HO20 rPOdyKmMy X0ponpoMasuHy cyribghokcudy, abo OeKinbKoxX —
XJ10pornpomasuHy cyrbghokcudy, xnopornpomasuHy N-okcudy, Hop-xnonpoma3uHy ma iH. byno ecrmaHoeneHo,
W0 ornanecuyeHuyiss Po34UHI8 BUKTUKAEMbCSI YMBOPEHHSIM 8000HEePO34YUHHUX rpodykmie dezpadayii — xmopo-
rnpoma3duHy N-okcudy, Hop-xrornpomasuHy. AHari3 ModeribHUX 3pa3Kig rposoouscss MemodoM PiOUHHOT Xxpoma-
momac-criekmpomempii 3@ Memodukoro, po3pobrneHot asmopamu cmammi. [1id yac aHanizy 6ynu ompumaHi
MOneKynsipHi Macu, wo eidnogidarome eKkazaHUM suuie npodykmam. Takum 4YuHoM, 6ysi0 ompuMaHoO ekcriepu-
MeHmarsbHe ridmeepoxeHHs 3arnporoHosaHuUx cxem deepadauii. Y pesynbmami nposedeHoi pobomu Hamu byna
po3pobrieHa xpomamoepagiyHa MemooOuKka 8usierieHHs1 O0OMIiUIOK MemoOoM PiOUHHOI XpoMamomac-creKkmpo-
mMempii ma susHa4eHi 20/108Hi winsxu 0eepadauii xrnoporpomasuHy 2idpoxopudy y 600HUX po3quHax. Takox y
pesynbmami nposedeHux docnidxeHb bynu po3pobneHi pekomeHOauyii do supobHUYO20 npouecy ma 3anporio-
HoeaHi 3axo0u 3 onmumu3aujii cknady npenapamy.

U3YYEHUWE 1IPOQYKTOB JErPALOALNN XITOPITIPOMA3UHA T'MOPOXJIOPULA METOLOM XWUOKOCT-
HOU MACC-CIEKTPOCKOINMNU B UHBEKLIMOHHbIX NMPEMAPATAX
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Knroueenie cnoea: xnoprpomasuHa audpoxnopud; xnoprnpomasuHa cyrnbgokcud; xmnoprpomasuHa N-okcud;
HOP-XJI0PNPOMa3UH; XpoMamomacc-criekmpomempus; npodykmal degpadayuu

lMposedeH aHanus modernbHbIx 06pa3yos npenapama AMuHa3uH, delicmeayrwWuM 8eU,eCmM8OM KOMopo2o s18-
nissemcsi xnoprpomasuHa audpoxnopud. [aHHbie ModesibHble pacmeopskl bbinu nodeepeHymbsl cmepuniudayuu
¢ npedsapumersnbHOU 8bI0EPXKOU Mpu KOMHamHoU memrepamype. YcmaHOo8/IeHo, Ymo 8 3agucumMocmu om
OnumernibHOCMU 3KCro3uyuu npu cmepunusayuu 0ezpadayus npenapama fnpoucxooum rno 08yM 803MOXKHbIM
nymsm — ¢ obpa3zosaHueM onanecuyeHyuu nubo 6e3 Hee. bbinu npednoxeHsbl cxembl degpadayuu ¢ obpaso-
8aHueMm flubo 00Ho20 rMpodyKma XroprnpoMasuHa Cyrbgokcuda, MUbo HECKOMbKUX — XII0prpoMasuHa cyrbehokcuoa,
xnopripomasuHa N-okcuda, Hop-xropripomMa3uHa u np. bbino ycmaHosneHo, 4mo onanecyeHyus pacmeopos 8bi-
3blgaemcsi obpa3ogaHueM Maro pacmeopumMbix 8 8o0e rnpodykmos Oeepadayuu —xraoprnpomasuHa N-okcuda,
HOp-xr10rnpoma3suHa. AHanu3 ModesibHbIXx 06pa3y0e rMpo8odursics MemodoM XXUOKOCMHOU XpoMamomacc-criekm-
pomempuu rno memooduke, paspabomaHHoOU asmopamu cmambu. B xode aHanu3a 6biriu nonyYyeHbl MOMeKy-
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JIsipHbIE Macchkl, coomeememeyrowjue ykasaHHbIM ebile npodykmam. Takum obpa3om, 6bIri0 MomyYeHo acre-
pumMeHmarsnbHoe nodmeepxoeHue npedrioXeHHbIX cxem 0egpadayuu. B pesynbmame rnposedeHHOU pabomabi
Hamu bbinna paspabomaHa xpomamozpaghuyeckas Memoduka obHapyxeHuUs npumecelti MemoOoM KUOKOCMHOU
Xpomamomacc-crekmpomMempuu U onpedeneHbl 0CHO8HbIe nymu despadayuu XoprnpomasuHa audpoxiopuda
8 B0OHbIX pacmeopax. Takxe 8 pedyribmame rnpoeedeHHbIx uccredosaHuli bbinu paspabomaHbi pekomeHOayuu
K npou3800cmeeHHOMY poueccy U rpedsioxeHb! Mepbl 10 ormumMu3ayuu cocmasa rpenapama.

Today phenothiazine derivatives are widely used
in the pharmaceutical industry. The application of
these substances is stipulated by their neuroleptic,
antihistaminic and anti-arrhythmic effect on the hu-
man body. Chlorpromazine is the first synthesized
neuroleptic (1950), a parent compound of phenothi-
azine drugs (including trifluoperazine, promazine,
fluphenazine, etc.) and the basis for many of antipsy-
chotics and antidepressants. In this regard, drugs with
antipsychotic activity, in which chlorpromazine hyd-
rochloride is the active pharmaceutical ingredient,
are the most widespread at the pharmaceutical mar-
ket. One of the representatives of such drugs is Ami-
nazin, solution for injection.

The substance of chlorpromazine hydrochloride
is described in the articles of such pharmacopoeias
as the European Pharmacopoeia PhEur 8.0 “Chlor-
promazine hydrochloride” (07/2012:0475) [1], Uni-
ted States Pharmacopeia USP37-NF32 ¢.2318 and
State Pharmacopoeia of Ukraine (SPhU) 1.0 [3]. The
USP37-NF32 has also the article [2] containing re-
quirements for the quality control of solutions for
injection. However, even the use of these regulations
to control the quality of the raw material and fini-
shed products is not a guarantee of quality. There are
some reasons for it, in particular because of the quality
of the substance and the technological process of pre-
paration of the solution since this substance is high-
ly reactive, and the slightest deviation from the vali-
dated technologies of the drug production may lead
to the loss of quality of the finished product.

According to the IUPAC classification [5] chlor-
promazine hydrochloride (2-chloro-10-[3-(dimethyl-
aminopropyl)]phenothiazine hydrochloride) being a
derivative of phenothiazine (10H-dibenzo-[b,e]-1,4-
thiazine) belongs to heterocyclic compounds contain-
ing the atoms of sulphur and nitrogen in the cycle.

A high reactivity of phenothiazine and chlorpro-
mazine [5] is a consequence of the presence of easi-
ly oxidizable sulphur atom in the structure of these
substances (Fig. 1).

Under the effect of such strong oxidizers as potas-
sium permanganate, hydrogen peroxide these com-
pounds may form phenothiazine oxide-5 and phe-
notiazine dioxide-5,5 due to oxidation of the sulphur
atom. It is confirmed by the requirements of the USP
article on control of the content of chlorpromazine
sulfoxide in solutions for injection using the thin-
layer chromatography [2].

The tertiary nitrogen in the structure of chlorpro-
mazine hydrochloride can also be oxidized in neutral
or acidic media to N-oxide. In addition, for pheno-
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thiazine and its derivatives the electrophilic substi-
tution reactions, in which these compounds act as
electron donors, are typical [8].

Thus, there is a need of inhibition of the oxida-
tion process of chlorpromazine hydrochloride with
atmospheric oxygen when preparing the solution of
the drug. The solution to this problem was to intro-
duce the substances - sodium metabisulfite, sodium
sulfite absorbing oxygen dissolved in the product in
the composition of the drug by interacting with it
and to purge the solution with nitrogen to displace
oxygen.

However, despite the measures taken to remove
oxygen from the solution of the drug there are cases
of noncompliance of the drug quality to requirements
of the Pharmacopoeia by “Transparency” indicator -
opalescence is observed in solutions [4].

Therefore, manufacture of a drug corresponding
to the requirements of the Pharmacopoeia requires
formation of additional requirements to the techno-
logical process and the quality of the substance; it can
be done knowing the cause of impurities and their
structure. To study the possible degradation products
of chlorpromazine hydrochloride the LC-MS/MS me-
thod has been developed.

In the conditions given bellow the chromatograms
of the full ion current were obtained for the samples
of the solution of chlopromazine sterilized immedi-
ately after preparation and after exposure for 48 h.
The samples were prepared from the substance of
one and the same manufacturer.

The chromatograms and mass spectra of the sub-
stances detected are given in Figures below.

Experimental Part

To study the possible degradation products of
chlorpromazine hydrochloride the model solutions
corresponding to the composition of the drug were
prepared and placed in glass vials similar to those used
in the manufacture of the drug Aminazin. All model

Chlorpromazine Phenothiazine

Fig. 1. The structural formulas of phenothiazine and chlorpromazine.
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Fig. 2. The chromatogram of the full ion current obtained for the sample immediately after sterilization.
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Fig. 3. The chromatogram of the full ion current obtained for the sample sterilized after exposure.
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Fig. 4. The mass spectrum of chlorpromazine sulfoxide and N-oxide (the time of escape peak is 5.184 min).
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Fig. 5. The mass spectrum of nor-chlorpromazine (the time of escape peak is 4.488 min).
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Fig. 6. The mass spectrum of chlorpromazine (the time of escape peak is 9.787 min).

solutions were prepared from the same batch of chlor-

promazine hydrochloride substance of the Indian ma-

nufacturer. All indicators of the substance quality is
fully consistent with the requirements of the article

of the European Pharmacopoeia 8.0.

These solutions were sterilized in the conditions
corresponding to the conditions of the drug produc-
tion. It was observed that solutions sterilized immedi-
ately after preparation, did not meet the requirements
of Pharmacopoeia [2] by “Transparency” indicator -
opalescence appeared in these solutions. However,
those solutions, in which 48 hours passed from their
preparation and sterilization, were fully consistent
with the requirements of the article by “Transparency”
indicator.

Since for the study of the structure of possible
degradation products a highly selective detector is
required, an Agilent 6420 Triple Quad mass spectro-
meter was applied as a detection system. This detec-
tor was used together with an Agilent 1100 liquid
chromatograph equipped with a diode array, four-
channel pump for formation of a low pressure gradi-
ent, an autosampler and a column thermostat. To pro-
cess the measurement results obtained the MassHunter
software version B.05.00 was used.

The procedure of conducting chromatographic
measurements is given below:
¢ the column with the size of 250x4.6 mm filled

with a sorbent with the bonded phase of octyl

silica gel (L1), the particle size is 5 um, XTerra MS

C18 (Waters) or similar, for which the require-

ments of the section “Chromatographic system

suitability” are met;

e the flow rate - 1 ml/min;

e the temperature of the column thermostat -
30°C;

e the mobile phase A: 0.005 M solution of ammo-
nium formate in water R degassed in any con-
venient way;

¢ the mobile phase B: 0.005 M solution of am-
monium formate in the mixture of acetonitrile
R - water R (90:10) degassed in any convenient
way;

¢ the elution mode - gradient.
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No. T;nr?s' mg?éli Im(;?g% The elution mode
1 0-5 100 0 Isocratic
2| 515 [ 100—-10| 0—90 Linear gradient
311516 | 10—100| 90—0 Linear gradient
4 | 16-20 100 0 Isocratic

¢ the injection volume - 20 pl;

¢ detector - mass spectrometer (Agilent 6420 Tri-
ple Quad);

¢ the detector settings:

¢ the ionization type: positive, electrospray (+ESI);

¢ the measurement mode: scanning in the mass
range - 10-1000 amu;

¢ the voltage on the fragmentor - 100 V;

e the nitrogen temperature - 350°C;

¢ the nitrogen consumption - 10 ml/min;

e the nebulizer pressure - 35 PSI;

e the voltage on the capillary - 4 kV.

Results and Discussion

After analyzing the solutions on a liquid chroma-
tography-mass spectrometer (Agilent 6420 Triple Quad)
it was found in addition to the main mass of 319 amu
the substances with the masses of 335, 305, 285 and
317 [M+H]* amu were present in solutions. It con-
firms the presence of chlorpromazine sulfoxide, chlor-
promazine N-oxide, nor-chlorpromazine in the solu-
tion [6, 7].

Based on the data obtained it was determined
that degradation of aqueous solutions of chlorproma-
zine during sterilization occurred according to the
scheme given in Fig. 7. Thus, two possible ways of
degradation were considered: with the excess and
the lack of oxygen in the drug solution.

The above diagram explains well how in the case
of the lack of oxygen (between preparation and ster-
ilization enough time has passed and stabilizers are
oxidized removing oxygen from the solution) chlor-
promazine is oxidized to chlorpromazine sulfoxide.
It is a crystalline substance that is readily soluble in
water and does not cause opalescence of the solu-
tion. In the case of the oxygen excess (sterilization
immediately after preparation, the reducing agents
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Fig. 7. The ways of degradation of chlorpromazine hydrochloride in an aqueous solution.

in the solution have no time to interact with oxygen)
chlorpromazine being oxidized forms simultaneously
chlorpromazine sulfoxide and chlorpromazine N-oxide,
which can then be oxidized to chlorpromazine N-S-di-
oxide, and the presence of unused reducing agents
in the solution provides a parallel process of forma-
tion of nor-chlorpromazine and the corresponding
sulfoxide. Since chlorpromazine N-oxide, chlorproma-
zine N-S-dioxide, nor-chlorpromazine and nor-chlor-
promazine sulfoxide are amorphous substances that
are poorly soluble in water, the two-phase heteroge-
neous system is formed in the solution, and it is the
cause of opalescence. Impurities of the chlorproma-
zine substance (for example, chlorphenothiazine) can
also be oxidized to sulfoxides; however, since the Phar-
macopoeia normalizes the content of impurities in
the range of 0.15-0.3%, the contribution of their de-
rivatives to the overall picture of the profile of impu-
rities of the drug is insignificant.

The results obtained are in good agreement with
the work of the British scientists [8], in which the
principal possibility of formation of the impurities
analyzed is shown.

Based on the research results mentioned above
one can judge about the nature of possible degrada-
tion products; it, in turn, has allowed to develop a
number of measures that make possible to obtain the
drug, which fully complies with the requirements of

Pharmacopoeia. Thus, it has been proposed to per-
form the exposure of the solution prepared before its
sterilization during the manufacturing process, it will
allow to remove dissolved oxygen most fully from
the solution. It has been also suggested to optimize
the process of removing oxygen from the solution of
the drug by increasing the purging time and tough-
ening of requirements to the purity of the nitrogen
used. However, changes in the technological process
is not the only way to provide the quality of the drug
prepared. Quite effective way is to optimize the com-
position of the drug. Therefore, it has been proposed
to increase the concentration of substances absorb-
ing oxygen in the composition of the drug, it will re-
duce the risk of its opalescence in formation of oxi-
dation products of chlorpromazine hydrochloride.

Conclusions

As the result of the research conducted the chro-
matographic method for detection of impurities us-
ing liquid chromatography/mass spectrometry has
been developed; the main ways of degradation of chlor-
promazine hydrochloride in aqueous solutions have
been determined; the recommendations for improv-
ing the process of drug manufacture based on the
specified substance have been developed, and meas-
ures for optimizing the composition of drugs based
on chlorpromazine have been proposed.
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