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At the stage of pharmaceutical development of the combined eye drops based on timolol maleate and
taurine the behaviour of drugs in the aqueous solution depending on their chemical nature and pH of
the solution have been analyzed. Based on the molar fractions of ions calculated the optimal area of
pH where drugs are present in the form of ions has been proven. The results of studying appearance
of both the freshly prepared aqueous solution of timolol maleate in the concentration of 0.34% and
the solution of taurine in the concentration of 4.0% have shown that the test solutions are transparent
at the pH range from 3.5 to 8.5, which is acceptable to eye drops. It has allowed to substantiate the
optimal pH range, at which the stability of drugs in the form of aqueous solutions is preserved. A
preliminary assessment of compatibility of timolol maleate in the concentration of 0.34% and taurine
in the concentration of 4.0% in their combined presence in the aqueous solution depending on pH
of the medium by such parameters as transparence, colour, pH and specific conductivity has been
carried out. In the pH range of 3.5 to 8.5 the aqueous solution of timolol maleate and taurine in their
combined presence is transparent and colourless; it indicates the presence of both drugs in the form of
water-soluble ions. The value of specific conductivity of the solution of timolol maleate and taurine in
their combined presence, which is equal to the sum of the values of electric conductivity of individual
solutions of each drug, indicates no interaction between the drugs studied. The research conducted
has allowed to prove scientifically the pH range, which provides stability and comfort during application

of combined eye drops with medicinal substances of different chemical nature.

Pharmaceutical development (PD) covers various
stages of drug creation, among them one of the first is
the study of physicochemical properties of a medicinal
substance (MS) concerning prospective dosage form
(DF) and its way of administration. In order to identify
critical quality indexes of MS, which may have an im-
pact on the quality of the finished product, at this stage
it is necessary to determine the class of substances,
which the MS belongs to, functional groups contained
in its structure, to analyze possible destructive transfor-
mations of the MS and factors affecting these transfor-
mations. When creating combined drug formulations it
is also necessary to determine compatibility of medici-
nal substances using similar approaches.

The key parameter of stability for ophthalmic medi-
cines when performing the manufacturing operations cy-
cle and storage of the finished DF in the primary pack-
aging is the value of ionization constant of MS and pH
of the medium, which are responsible for equilibrium
concentrations of ions that are present in aqueous solu-
tions of the MS. Therefore, to avoid possible destruc-
tive processes, it is necessary to determine dependence
of solubility and chemical stability on the ionization
constant of MS and pH of the medium. The aim of this
paper is to analyze the possible behaviour of MSs of
timolol maleate and taurine in aqueous solutions de-

pending on their chemical nature and pH of the medium
to study the stability of the combined eye drops at the
PD stage.

Materials and Methods

The objects chosen for investigation are:

1. Timolol maleate [7] produced by “Centaur Che-
micals Pvt. Ltd.”, India.

2. Taurine [5] produced by the State Plant for Che-
mical Reagents STC of “Institute for Single Crystals”,
Ukraine.

To assess the quality of model mixtures the follow-
ing methods were used: clarity and degree of opales-
cence of liquids (SPU, 2.2.1.), degree of coloration of
liquids (SPU, 2.2.2, Method II), potentiometric deter-
mination of pH (SPU, 2.2.3.) with the help of Seven
Easy pH pH-meter manufactured by “Mettler Toledo”,
China [3], conductivity (SPU, 2.2.38.) with the help of
Seven Easy S30 conductometer manufactured by “Met-
tler Toledo”, China [4].

Calculation of the molar fractions of ions in MS so-
lutions at different values of pH was carried out using
the following formulas according to [6]:

» for timolol-base, taurine in cationic and protonated
forms by the sulfonate group

=1/ (1+10m-rka)
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Fig. 1. Equilibrium processes in aqueous solutions of timolol maleate depending on pH of the medium.

» for timolol-hydroion, taurine in anionic and unpro-
tonated forms by amino group

a=1/(1+10rK"rit)

» for maleic acid (H,A), hydromaleate-ion (HA-) and
maleate-ion (A%)

o (H,A) = 1/ (1+10°1 P12 pH Pk 0k,
o (HA_) - 10pH7pK1/(1+10PH7PK1+102 pH - pK; ’PKZ)a
o (A%) = 107 P PR PR/ (1 10P PR 1 02 PHPK1- PE)

Results and Discussion

The MS selected for development of eye drops are
well-known, that is why their therapeutic concentra-
tions that are used in ophthalmology are listed in the
reference literature and are 0.34% or 0.68% for timolol
maleate and 4% for taurine. According to the norma-
tive documents both MSs are “soluble in water” by the
solubility scale, i.e. 10-30 ml of water is required for
dissolving of 1 g of the substance; it corresponds to the
concentration of 3-10% [7, 5]. Thus, the MS concentra-
tions chosen are within the limits of their solubility in
water and can be used to create eye drops.

Timolol maleate, (2S)-1-[(1,1-Dimethylethyl)amino]-
3-[[4-(morpholin-4-yl)-1,2,5-thiadiazol-3-ylJoxy|propan-
2-o0l (Z)-butenedioate refers to the group of salts formed
by weak organic bases and weak organic acids: timolol-
base and maleic acid by means of proton transfer from
maleic acid to the amino group of the timolol-base.

Aqueous solutions of timolol maleate demonstrates
weakly acidic properties (pH of 5% solution ranges from
3.5t0 4.5; 1-2% solution — from 3.8 to 4.3) [7, 11] and are
stable to pH 12 [9]. The acidic medium promotes pro-
tonation of a weak base — timolol by the amino group to
form more water-soluble form (pKa =9.2 [11]), and ma-
leic acid formation from maleate of maleic acid (pKa, =
1.92; pKa, = 6.22 [2]) that is easily soluble in water. In
the alkaline medium a reverse process takes place lead-
ing to formation of timolol-base.

Equilibrium processes in aqueous solutions of timo-
lol maleate depending on pH of the medium can be de-
scribed by equations given in Fig. 1.

In our previous work [1] behaviour of timolol maleate
in aqueous solutions was assessed at different pH values.

Calculation of molar fractions of ions conducted for
this purpose has shown that at the pH range from 3.5 to
8.5, which is acceptable to eye drops [4], in the solution
of timolol maleate there is timolol-hydroion and hydro-
maleate-ion and maleate-ion in different proportions de-
pending on the medium of pH in the ionized form.

Appearance of freshly prepared aqueous solutions
of timolol maleate has confirmed that at pH within the
indicated above limits, the solutions are transparent. This
is indicative of timolol-base and timolol-hydroion solu-
bility in the pH range investigated. The pH value of ti-
molol maleate solution in the concentration of 0.34% is
4.05, i.e. corresponds to the MS stability area; however,
it is different from pH of the lacrimal fluid (pH = 7.4)
[4]. To create the MS solution, which is comfortable for
eyes by the pH value, it is necessary to add a buffer to it
or substances for adjusting the pH value.

Taurine is aminoetan 2-sulfonic acid, a typical rep-
resentative of amino sulfonic acids. By its physical pro-
perties taurine is a white crystalline powder, soluble in
water, poorly soluble in most organic solvents. In its struc-
ture taurine has an acidic part in the form of the sulfo-
nate group and an alkaline part in the form of the amino
group. The presence in the chemical structure of this com-
pound of groups having a dual nature characterizes it
as a highly polar substance that is responsible for good
water solubility and indicates that this MS is present in the
solution in the form of zwitter ions depending on pH,
and it determines its acid-base properties. The value of
the ionization constant of taurine, which is responsible
for the balance between the loss and addition of a pro-
ton, is pKa = 1.5 by the sulpho group, and pKa = 8.74
by the amino group [8]. Forms of taurine, which are
present in the aqueous solution depending on pH, are
shown schematically in Fig. 2.
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Fig. 2. Forms of taurine that are present in the solution depending on pH of the medium.

At pH = 5.12 that corresponds to the isoelectric point the
MS solution contains electroneutral molecules (form II)
and some identical number of anions and cations, which
balance each other. From the isoelectric point toward
the area of acidic pH values, the number of cations with
the charge localized on the amino group nitrogen (form I)
increases; in the alkaline area there is an increasing num-
ber of anions with the charge localized on the sulpho
group (Form III). Changing pH values toward acidic or
alkaline areas should not affect the solubility of taurine
forms that are present in the solution since such sub-
stances as ethyl sulfuric acid and ethylamine, which can
be regarded as integral parts of taurine, also have good
solubility in water [2].

To confirm the aforementioned we have calculated
molar fractions of ions in the solution of taurine at dif-
ferent pH values and studied the appearance of aqueous
solutions of taurine in therapeutic concentrations at dif-
ferent pH values. The results are presented in Table and
Fig. 3.

In Fig. 3 it is evident that at the pH range from 3.5
to 8.5, which is acceptable to eye drops taurine in the
aqueous solution is present in the ionized state in both

groups with almost constant values of molar fractions
of ions.

Thus, at physiological pH value of the lacrimal flu-
id (pH = 7.4) taurine is ionized by 95.6% by the amino
group and almost by 100% by the sulpho group (Table),
i.e. under such circumstances taurine is almost entirely
present in the form of Zwitter-ion.

To confirm the calculation data the appearance of fresh-
ly prepared aqueous solutions of taurine in the thera-
peutic concentration of 4.0% within the values of pH
from 3.5 to 8.5 being acceptable for eye drops has been
studied. The research results have shown that within
the area of pH selected aqueous solutions of taurine are
transparent. This confirms the solubility of taurine in
the abovementioned pH range (Table).

In addition, as well as timolol maleate the pH values
for taurine solution in the concentration of 4.0% are in
the acidic area and are equal to 4.96. This area corre-
sponds to stability of MS, but differs from the pH value
of the lacrimal fluid and, therefore, pH of eye drops
needs to be adjusted.

For preliminary estimation of compatibility timolol
maleate with taurine in the aqueous solution the appear-

Table
Molar fractions (a) of ions in the aqueous solution of taurine depending on pH of the medium
o (cationic form) x | ¢ (unprqtonated by o (@nionic form) x o (protonated by Appearance
pH > the amino group S the sulfonate group :
10 form) x 102 10 form) x 102 of the solution
1 99.999 1.82x107 24.025 75.975 -
1.5 99.999 5.75x10° 50.0 0.5 -
2 99.999 1.82x10° 75.975 24.025 -
3 99.999 1.82x10* 96.935 3.065 clear
4 99.998 1.82x1073 99.685 0.315 clear
5 99.982 0.018 99.968 0.032 clear
6 99.818 0.182 99.996 3.16x1073 clear
7 98.213 1.787 99.999 3.16x10* clear
7.4 95.628 4.371 99.999 1.24x10* clear
8 84.605 15.395 99.999 3.16x10° clear
8.74 50.000 50.0 99.999 5.75x10°% clear
9 35.463 64.535 99.999 3.16x10° -
10 5.209 94.791 99.999 3.16x107 -
11 0.546 99.453 100 3.16x10°% -
12 0.055 99.945 100 3.16x10° -
13 5.49%x1073 99.995 100 3.16x107° -
14 5.49x10* 99.999 100 3.16x10™ -
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Fig. 3. Dependence of molar fractions of ions in the aqueous solution of taurine on pH of the medium.
1 — the area where anionic forms are present; 2 — the area where cationic forms are present; 3 — the area where
protonated forms of sulpho groups are present; 4 — the area where unprotonated forms of amino groups are present.

ance of model MS mixtures has been studied depending
on pH of the medium. For this purpose, freshly prepared
aqueous solutions containing at the same time timolol
maleate in the therapeutic concentration of 0.34% and
taurine in the therapeutic concentration of 4.0%, were
adjusted with the help of 1 M sodium hydroxide to pH
values from 3.5 to 8.5. The preliminary assessment of
quality at the time of preparation of the solutions was
carried out visually by the indexes of transparence, co-
lour, pH and electrical conductivity. The results of the
study have shown that in the pH area selected the aqueous
solutions of timolol maleate and taurine are transparent
and colourless. This confirms that both MS with their
simultaneous presence in the aqueous solution are in
the form of water-soluble ions. The value of specific
conductivity (k) of the solution containing simultane-
ously timolol maleate and taurine, which is equal to the
sum of k values of individual solutions for each MS
(295 pS/em for timolol maleate and 2.3 puS/cm for tau-
rine) and is 297 puS/cm, indicates the absence of interac-
tion between the MS under study. This allows us to as-
sume that timolol maleate and taurine maintain stability

when combined in the aqueous solution in the therapeu-
tic concentrations selected; and it makes possible the
creation of combined eye drops on their basis in the
pH range from 6.5 to 7.5, which is traditionally used in
ophthalmic medicines of timolol [10].

CONCLUSIONS

1. At the stage of pharmaceutical development of
combined eye drops containing timolol maleate and tau-
rine the behaviour of medicinal substances in the aque-
ous solution at different pH values has been analyzed.

2. The optimal pH limits, under which the medici-
nal substances are in the form of water-soluble ions in
the solution, have been substantiated based on the mo-
lar fractions of ions of the medicinal substances of tim-
olol maleate and taurine calculated depending on pH of
the medium, as well as the study of appearance of their
aqueous solutions.

3. The complex of studies has grounded the possi-
bility of creating combined eye drops with such medi-
cinal substances as timolol maleate and taurine in the
pH range from 6.5 to 7.5 being physiologically suitable
for eyes.
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OBI'PYHTYBAHHSA OBJACTI pH ANA CTABINbHOCTI NIKAPCbKUX PEYOBWUH TUMONONY
MAJEATY | TAYPUHY Y BOOHOMY PO34UHI

O.M.Aky6uyk, O.I.®emicoea, J1.M.AHOprokoea, C.M.KoeaneHko

Knrovoei croea: kombiHOBaHI 04HI Kpariii; mumMosiony mManeam; maypuH; 800HUU PO34YUH; MOMSPHI
yacmeku ioHig; obriacmb pH; cmabinbHicmb

Ha emani gpapmauesmuyHOi po3pobKU KOMBIHOBaHUX OYHUX Kparesb Ha OCHO8i mUMOSIosy Maneamy
i maypuHy rpoeedeHo aHasi3 noeediHKU JiKapChbKUX PEYOBUH ¥ B0OOHOMY PO34UHI 8 3anexHocmi 8id
ix ximiyHoI npupodu ma pH cepedosuuja. Ha ocHo8i po3paxo8aHUX MOISPHUX YacmOK iOHI6 0brpyH-
moeaHi onmumarnbHi Mexi pH, npu sKux fikapchbKi pedo8uUHU rpucymHi y ¢bopmi ioHie. Pe3ynbmamu
00CiOKeHHST 308HILHB020 8U2/IAA0Y CBIXKOMPU20Mo8aHUX 800HUX PO34UHI8 SK MUMOIONy Maseamy
8 KoHUeHmpauji 0,34%, mak i maypuHy e KoHueHmpauii 4,0% noka3sanu, wo 8 dornycmumiti 0719 O4YHUX
Kpanenb obnacmi pH 8id 3,5 do 8,5 docnidxyeaHi po3duHu rpo3opi. Lle dano Moxrugicmb 0brpyHmy-
gamu onmumarnbHi Mexi pH, npu sikux 36epieacmbcsi cmabinbHICmb NiKapCbKUX PeHO8UH y 8uensdi
B800HUX po34uHig. [lposedeHo nonepedHro OUiHKY CyMICHOCMI MUMOSIONY Maseamy 8 KOHUeHmpauii
0,34% i maypuHy e koHueHmpauii 4,0% nipu ix cymicHil rpucymHocmi y 600HOMY PO3HUHI 8 3arex-
Hocmi 8id pH cepedosuwia 3a nokasHUKamu: rnpo3opicmse, Kornboposicms, pH i numoma enekmpo-
nposidHicmb. B obnacmi pH 8id 3,5 do 8,5 800Hi po34yuHu mumoriony maneamy i maypuHy npu ix
cymicHil npucymHocmi rpo3opi ma 6e3bapsHi, wo nidmeepdxxye npucymHicms 060X JliKkapCbKUX pe-
YOBUH y (hopMi B0OOPO3HUHHUX iOHIB. 3HAYEHHS MUMOMOI el1eKmMpPOornpPo8idHOCMi PO34YUHY MUMOIONy
Marneamy i maypuHy rpu ix cymicHil npucymHocmi, sike OOPIBHIOE CyMi 3Ha4YeHb MUMOMOI efieKmpo-
nposidHocmi iHAUgIdyarnbHUX PO3HUHIB IiKapCbKUX pe408UH, c8id4yums rpo eidcymHicmb e3aemModil
Mix OocnidxysaHUMU JliKapCbKUMU pedyosuHamu. [TposedeHi docidxeHHS 003807uUMU HayKoeo 06-
rpyHmysamu obnacme pH, wo 3abesnedye cmabinbHicme i KOMghopmHicmb y 3acmocyeaHHi Kombi-
HOBaHUX OYHUX Kparnesib i3 iKapCbKUMU peqdosuHamMu Pi3HOI XiMiYHOT npupoou.

OBOCHOBAHUE OBJIACTU pH AN CTABUNTIbHOCTU NEKAPCTBEHHbIX BELLECTB
TUMOINONA MANEATA U TAYPUHA B BOOHOM PACTBOPE

A.M.SAky64yk, E.I®emucoea, J1.H.AHdprokoea, C.H.KosaneHko

Knroveeble crioea: KOMOUHUPOBaHHbIE ala3Hble Karsu, mumorsiona maneam, maypuH; 800HbIU
pacmeop; MorisipHble 0oriu UoHos; obnacms pH; cmabunsHocme

Ha amane ¢gpbapmauyesmuyeckol pa3pabomku KOMOUHUPOBaHHbIX 2/1a3HbIX Karesb Ha 0OCHO8e mu-
Morsiona maneama U maypuHa rnpoeedeH aHarnu3 noeedeHus JiIeKapCmeeHHbIX 8euiecms 8 B00HOM
pacmeope 8 3agucumocmu om ux xumudeckou rpupodsi u pH cpedbi. Ha ocHose paccyumaHHbIX
MornisipHbIx doneli UOHO8 0bocHOBaHa onmumarbHas obnacme pH, npu Komopol fekapcmeeHHbIe
gewjecmeaa rnpucymcmeyrom 8 ¢hopMme UOHO8. Pe3yrnibmamsl uccriedo8aHusi BHeWHe20 8Uda Ceexe-
rpuU2omoes/ieHHbIX Pacmeopos Kak mumoriona maneama 8 KoHueHmpauuu 0,34%, mak u maypuHa
8 KoHueHmpauuu 4,0% roka3anu, 4mo e dornycmumol Ornis ana3Hbix Kanenb obnacmu pH om 3,5 do
8,5 uccnedyembie pacmeopbl rpospadyHbie. 3mo 1038071510 060CHO8aMb ONMUMAasIbHbIE 2paHuUUbl
PH, npu KomopbIx coxpaHsemcsi cmaburibHOCMb fIeKapCmMeEeHHbIX 8elecms 8 8ude 800HbIX pacmeo-
poe. [NposedeHa npedsapumerbHasi OUueHKa cCoeMecmuMoCcmu MmuMorsiosia Maseama 8 KoHUeHmpauuu
0,34% u maypuHa e KoHUeHmpauuu 4,0% npu ux coeMecmHOM fpucymecmeuu 8 800HOM pacmeo-
pe 8 3agucumocmu om pH cpedbi no nokasamensam: Mpo3paqyHocmp, yeemHocms, pH u ydernsHas
anekmpornposodHocmb. B obnacmu pH om 3,5 0o 8,5 800HbIie pacmeopbkl mumosiona mManeama u
maypuHa fpu ux cO8MECMHOM MpUCymcmaeuu npo3spaqHbie u becuysemHbie, 4mo ceudemernbcmay-
em o Hanu4uu o0boux nekapcmeeHHbIX gewecms 8 hopme 8000pacmeopUMbIX UOHO8. SHayeHue
yOernbHOU 31eKmponposodHOCMU pacmeopa mumorsiona mManeama u maypuHa rnpu Ux coeMecmHoMm
npucymemeuu, pagHoe cyMme 3HaqdeHul yodernbHoU 31ekmpornpogoOHocmu uHdueudyarsnbHbIX pac-
meopoes siekapcmeeHHbIX seujecms, caudemesibcmayem 06 omcymcmauu g3aumodelicmeaust Mexoy
uccredyeMbiMU JieKapcmeeHHbIMU seujecmeamu. [TposedeHHbie uccriedosaHust no380uUsIU Hay4yHo
obocHosamb obriacme pH, obecrnedusarouyro cmabusribHOCMb U KOMGOPMHOCMb 8 MPUMEHEHUU KOM-
OUHUPOBaHHbIX 2rla3HbIX Karnesib C JIEKapCMBEeHHbIMU 8euiecmaamu pPasiuyHoU XumMu4eckoul rnpupoosbI.



