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Studies on creation of a new solution for infusion containing the complex compound obtained by
the reaction of alkaline earth salt of aldonic and alkali salts of polycarboxylic acids have been car-
ried out. Based on the study of physical and chemical properties of the initial reagents and factors
affecting the completeness of complexation, the optimal reaction conditions have been determined.
Conditional constants of the complex formation have been calculated. The possibility to obtain a stable
complexonate solution in the presence of other substances, and at different pH values have been
evaluated. Percentage of the complex in solution with these pH has been calculated. The value of the
medium acidity, which provides the complexation effect at least 99%, has been determined. The study
in selecting the acceptable pH range of the solution with the concentration calculated on the basis of
a given single therapeutic dose and the molar ratio of the initial ingredients has been carried out. The
optimal pH range — from 6.2 to 6.5 has been determined. The stability of the experimental batches of the
drug placed in bottles of two types of glass and sealed with stoppers of two types has been observed.
The quality of the drug solution in the process of preparation, during the entire technological cycle and
during storage in the primary packing has been examined. It has been found that the quality parameters
of a freshly prepared solution during and at the end of the regulated period of storage in all types
of the primary packing corresponds to the parameters of normative documents. These data confirm
the acceptability of the pH range proposed for providing the reaction efficiency and the drug stability.
The studies carried out have revealed the limits for one of the most important variable pharmaceutical

parameters (pH), and it will be used at the next stages of pharmaceutical development.

The drug being developed is a solution of a bimetal-
lic complex obtained presumably by the interaction of
alkaline and alkaline earth metals salts with aldonic and
polycarboxylic acids (hereinafter “The Complex”). The
necessity of its creation is conditioned by the data in-
dicating the presence of properties allowing to use this
compound in the treatment of neoplastic diseases with
greater efficiency than the known compounds with the
similar pharmacological activity. Thus, the Complex blocks
the cell proliferation in cases of non-small-cell lung carci-
noma 4.5 times more efficiently than a well-known drug
Oxaliplatin. Moreover, the antiproliferative activity of the
drug lasts longer, and it allows to decrease the therapeutic
dose and toxic load. The Complex toxicity has been found
to be 200 times less than the one of the prototype.

Creation of a drug involves carrying out the pharma-
ceutical development (PD), which includes the choice
of the composition, technology development, determina-
tion of the quality criteria and limits for variable phar-
maceutical parameters that provide stability during the
process of manufacture and while storing [3, 12].

The peculiarity of obtaining this drug is the fact
that the active ingredient (Al) is obtained by carrying
out the complexation reaction in the process of solution
preparation. Thus, one of the initial PD stages was the
study of the reaction conditions and determination of
the acceptable parameters of the process, including pH
[3, 5, 12]. The aim of our work was to determine the

optimal pH range, which provides the specified direc-
tion of the reaction and its maximum quantitative effect,
maintains the solution stability and is pharmacologically
acceptable.

Materials and Methods

The objects of the study were salts of aldonic acid
(AA) and polycarboxylic acid (PA), solution of the Com-
plex on their basis and the pH level.

The qualitative and quantitative control of the sam-
ples of the Complex and the drug on its basis in the pri-
mary packing was carried out during the research work.
The quality parameters and methods of determination
are described in the SPhU [2] and the drug normative
documents (ND).

Results and Discussion

Physical, chemical and technological properties of
the alkali PA salt and alkaline earth AA salt were studied
for choosing the composition and technology for ob-
taining the drug.

Aldonic acids have the general structure
HOCH,[CH(OH)],COOH, and are readily soluble in
water. The ionization constant of the AA salt studied is
-1.4:10, pKa 3.6 [1, 7]. It exhibits the properties that
are typical for polyoxyacids. The presence of pentacyc-
lic y-lactone and hexacyclic 6-lactone in water solutions
of the acid is caused by the ability for lactonization; their
quantitative ratio depends on the temperature and pH
value [6, 8, 11].
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Table 1
Relative stability constants and the Complex concentration at different pH values
Y K'(MY™)= K(MY™) - a(Y*) [MY™] = K'(MY™) - [M™] - [Y*]
P K(MY™4) a(Y+) K'(MY™) Ig K'(MY™) [MY™], %
4 5-10'° 3.6:10° 1.8:102 2.25 92.82
5 5-10'° 3.5:107 1.8:10* 4.26 99.26
6 5-10™ 2.2:10° 1.1-10° 6.04 99.90
7 5-10'° 4.8-10* 2410’ 7.38 99.98
8 5-10'° 54103 2.7-108 8.43 99.99
9 5-10'° 5.2:10% 2.6-10° 9.41 100.00

The following feature is typical for the carboxylic
group. This is the ability of salt formation, including
with alkali, alkaline earth and transition metals. The
structure of the salts: [HOCH,[CH(OH)] COO"] Me*".
This AA and its derivatives are used as complexing
agents, especially when the metal cations are able not
only to substitute the active hydrogen atoms of its func-
tional groups, but also to form coordinate bonds. These
are the alkaline earth metal ions (s-elements) — Ba*’,
Mg?*, Ca?". It is exactly the AA calcium salt that takes
part in the Complex formation. Its solubility at 30°C is
about 40 g/1 [4, 6-8, 11].

Although Ca?* salts are able to coordinate hydroxy-
acids, these complexes are not stable enough. The sta-
bility constant of calcium aldonate is rather low (ap-
proximately 16, IgK = 1.2), and in the presence of other
organic polydentate complexing agents, even with high
Ca?' concentration, their binding into a complex with
aldonate may be disturbed and lead to formation of a
complex compound with other ligand [11, 14]. This ex-
actly feature was used by us for the Complex formation.

Polycarboxylic acids have the following general struc-
ture: (HOOC),R, where R — is a hydrocarbon radical.
PA, which salt takes part in the Complex formation, is
also an ethylene diamine derivative, and can be repre-
sented as: (HOOC), (CH,N,), (then also H,Y). It is able
to form intracomplex compounds with metal cations due
to the valence bonds with carboxylic groups and the co-
ordinate bonds with nitrogen lone electron pairs.

Constants of the first two stages of PA (H,Y) disso-
ciation far exceed the following two: K, ;= 1107 (pK,,=
2.0), K,=2.1-10° (pK ,= 2.7), K ;= 6.9-107 (pK ;= 6.2),
K,=5.510" (pK,=10.3) [1, 8, 7]. It follows that main-
ly H,Y* anions exist in the neutral medium. With the
solution pH increase ions HY?* and Y* start to form,
moreover, the latter — in the highly alkaline medium
with pH>11. A disodium PA salt is used for the Com-
plex formation since it is much better soluble in water
than the acid is. The reaction between a calcium ion and
the salt, as a result of which the anion forms a tetrahe-
dral complex with a double-charged metal ion, can be
written as equation 1:

Ca* + Na,H,Y <> Na,CaY + 2H"* (1)

Several features of the reaction should be mentioned:
complexes of a single composition with the ratio of 1:1

(metal:ligand) are formed; the reaction is reversible, and
the balance can be shifted by varying the pH — acidify-
ing will shift the balance to the initial reagents, while
adding an alkali — to the right with the complexonate
formation; the reaction should be carried out with main-
taining the pH optimum level determined by the com-
plexonate stability constant K (or B).

Based on the known stability constants of the com-
plex equation [1, 6, 8, 14] it is possible to calculate the
value when the complexing reaction proceeds with suf-
ficient completeness, i.e. 99.99%, in the following way:

MY™)

n-4
KMY™) M- [Y*]
0,9999 ) )
== 10",
1-1071-10

The true concentration constant of formation (stabi-
lity) does not depend on the concentration and pH. But
the medium acidity and additional complexing agents
affect the complexing completeness. This is taken into
account using relative stability constants, which help to
estimate if it is possible to obtain a stable complexonate
in the medium with a certain pH and the presence of
other compounds.

The pH influence is taken into account using the
competing reaction coefficient a(Y*), which reflects
the ligand protoning. Knowing the K and a(Y*) values
at the given pH it is possible to calculate the relative
stability constant of the complexonate K’, and compar-
ing it with 10® make a conclusion about the stability
of the complex studied. The K value for the complex
CaY?*is 5-10', IgK = 10.7, the value a (Y*) for differ-
ent pH can also be found in literature [1, 6, 8, 14].

The K’ values were calculated for different pH values,
and then the percentage of the Complex in the solution
with such pH values was calculated. The formulas and
results of calculations are given in Tab. 1. With its data
it is shown that the Complex stability reaches K’ > 10°
values in the alkaline media with pH 8 and higher. With
the pH decrease the complexing process may pass not
completely. However, the concentrations of the Com-
plex calculated at different pH values allow to make a
conclusion that the concentration over 99% indicating
the sufficient completeness of the reaction is already
achieved after pH 5, and is 99.9% at pH 6.
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[HOCH,[CH(OH)],COO],Ca* + [(HOOC), (CH;N2)o(COO),] Na'y, —

—> Cd&" [(CH.N,),(COO),INa"; + 2[HOCH,[CH(OH)],COO] + 2H*

Then often the solution contains molecules or ions that
are able to form complexes with ions of the metal, which
takes part in the Complex formation. The influence of ad-
ditional complexes is taken into account with the compet-
ing reaction coefficient o(M™). Knowing its value, K" is
determined — the relative stability constant in case of an
additional metal ion complexing using formula 3:

K"(MY™)= K(MY™) - a(Y*) - a(M™).  (3)

Taking into account a great difference in the stabi-
lity constants’ values of the complex of calcium with
PA (5-10', 1gK=10.7) and with AA (16, IgK=1.2), we
made a conclusion that the presence of AA anions in the
solution would not affect the Complex’s stability. Thus,
K"(MY™*) =K'(MY"™), and the data from the column 6
of Table 1 do not need any correction.

Based on the physical and chemical properties of
the reagents and the calculations conducted we com-
posed a predictable scheme of the reaction (Fig.).

As a result of the interaction H" ions are transferred
into the solution, pH of the solution decreases, and it can
lead to the reaction shift to the left causing destruction
of the Complex. To prevent this process the pH should
be maintained at the level not lower than 8-9 (Tab. 1).
For the parenteral route of the drug administration the
more optimal pH level is the one close to the blood pH
(~7.4), but there are solutions for infusion with a slightly
acidic medium, which is due to the Al properties and
pharmacological purpose [5, 10, 13, 15]. It is worth tak-
ing into account that the concentration of H* ions plays
an important role in potentiating/inhibiting the process-
es of interaction of the solution and primary packing mate-
rials (glass or polymer containers, stoppers, etc.) [5, 9].

Therefore, the research work on selection of a suit-
able pH level was carried out. Solutions with the con-
centration corresponding to the given single therapeutic
dose and the molar ratio of the initial reagents — 2:1 (al-
donate:polycarbonate) were prepared for that purpose.

The initial pH range set in the solution was 4.0-5.0.
This is explained by the free H' ions appearance as the

Fig. The scheme of the complexing reaction.

reaction products. Moreover, the AA anions and the ex-
cess of calcium aldonate are present conditioned by the
ratio of 2:1. This pH level is insufficient for the Com-
plex stability maintenance. Thus, the correction to the
minimal level 5.0 (Tab. 1) or better around 7.4 is neces-
sary. But it should also be taken into consideration that
the presence of an excess of the initial reagents, accord-
ing to the principle of Le Chatelier-Brown [5, 6, 8], will
prevent the reaction reversibility.

For selection of the pH level that would provide the
stability maintenance and suitable for introduction of the
solution into the bloodstream, the batches with different
pH achieved by adding alkaline agents, out of which sodium
hydroxide solution containing ions of the same name
with reagents was chosen, were tested. Different tem-
perature and time regimes were studied, the additional
pH correction at different preparation stages was car-
ried out, etc. The results of the study are given in Tab. 2.

It was found that in the samples with pH 7.2-7.4 and
higher within the time from several hours to a day the
pH value was significantly reduced. With the pH value
8.0 and higher the solution gained a yellow tint under
the effect of temperature. The low pH level (5.0 and
lower) is undesirable since it leads to the complex sta-
bility decrease and significantly differs from the blood
pH level. By changing the medium acidity the optimal
pH range was determined, which was from 6.2 to 6.5.

To confirm this result the Complex solution stabi-
lity was studied not only in the process of preparation
and in carrying out the entire technological cycle, but
also during the drug storage in the primary packing.
The solution stability in glass bottles is caused by its
prolonged contact with the glass and the stopper mate-
rial. Mechanical inclusions may appear in the solution,
their absence is strictly regulated for solutions for infu-
sion [2, 3, 5]. The interaction of the solution with glass
and a stopper may cause the changes of other physical
and chemical quality parameters and lead to the incon-
sistency of the final product to the ND requirements.

Experimental batches of the drug in 100 ml glass
bottles made of NC-2 and MTO glass grades with rub-

Table 2
Dynamics of the pH changes in the Complex solutions
No. of the Solution pH
batch freshly prepared (A) | in a couple of hours in a day sterilized (B) difference (A-B)
1 5.53 5.32(1.5h) 5.20 5.17 0.36
2 6.00 5.63(2h.) 5.63 5.60 0.40
3 6.40 598 (2h.) 5.98 6.00 0.40
4 7.15 7.03(2h.) 6.00 6.0 1.15
5 7.55 7.39(1h.) 6.95 6.95 0.60
6 8.01 7.30(1h.) 6.80 6.75 1.26
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Table 3
Control of pH changes of the Complex solution when storing
No. The glass The solution F)H (standard)
of the grade Type of the stopper Freshly prepared Final product (5.5-6.5)

batch solution (6.2-6.5) Initial data 6 months 12 months
NG-2 52-369/1 6.21 5.86 5.84 5.86
7 V9263,FM140/0 6.21 5.83 5.83 5.85
MTD 52-369/1 6.21 5.85 5.84 5.84
V9263,FM140/0 6.21 5.85 5.86 5.85
NG-2 52-369/1 6.33 5.98 6.00 5.97
8 V9263,FM140/0 6.33 5.98 5.96 5.95
MTD 52-369/1 6.33 5.98 5.98 5.98
V9263,FM140/0 6.33 5.97 5.98 5.96
NG-2 52-369/1 6.47 6.12 6.12 6.11
9 V9263,FM140/0 6.47 6.12 6.10 6.12
MTD 52-369/1 6.47 6.11 6.11 6.09
V9263,FM140/0 6.47 6.12 6.14 6.12

ber stoppers of 52-369/1 grade (“Kyivhuma”, Ltd.) and
V9263, FM 140/0 grade (Helvoet Pharma, Belgium)
were tested. The results of the pH monitoring are shown
in Tab. 3. Control of the quality parameters of the fresh-
ly prepared solution and while storing has shown that
the samples of batches 7-9 in the packing types indi-
cated meet the ND requirements such as transparency,
colour, mechanical inclusions, quantitative content by
their physical and chemical characteristics. The rest in-
dicators also meet the ND requirements. In the bottles
with 52-369/1 grade stoppers on the butylcaoutchouc
basis a specific smell appears (thiuram decomposition),
and it can be prevented by special preliminary stoppers
processing and siliconizing. In the bottles closed with
V9263, FM 140/0 stoppers the smell is not developed.
The indicator “Smell” is not regulated by the ND.

Thus, the optimal pH level that can provide stabi-
lity of the Complex solution on the basis of AA and PA
salts and suitability of the primary packing for the drug
storage has been experimentally confirmed.

CONCLUSIONS

1. Physical, chemical and technological properties of
the initial reagents have been studied. The conditions of
the reaction course between them and the factors affect-
ing the complexing completeness have been determined.

2. The optimal pH level for the complex formation
and maintenance of physical and chemical stability of
the parenteral drug on the basis of aldonic and polycar-
boxylic salts has been theoretically and experimentally
substantiated.

3. The effect of the primary packing on the drug sta-
bility during storage has been studied.
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BUBIP ONTUMAJIbHUX MEX pH ONA NAPEHTEPAJIBHOIO NPEMAPATY HA OCHOBI
COINEN ANbAOHOBOI | NONIKAPBOHOBOI KUCITOTU

H.B.Bea2yHoea

Knrouoei cnnoea: kommnnekcoymeopeHHsi; pH; cmabinbHicmb,; KoHCmaHma cmitikocmi; nepeuHHe
rnakyeaHHsi

[NposedeHO AOCiOXEeHHST 3i CMBOPEHHST HOBO20 MapeHmeparnbHO20 rperapamy, Wo Micmume KOMII-
JIEKCHY CIOMyKy, ompumMaHy 8 pe3yribmami 83acMo0ii 11yKHO3eMerbHOI corli arbOOHOB80I ma J1y»HOi coni
ronikapboHoeoi kucriomu. Ha nidcmasi sus4eHHs1 ¢hi3UKO-XiMIYHUX griacmueocmel 8UXiOHUX peazeH-
mie i gpakmopis, WO ernugarmb Ha MO8HOMY KOMITIIEKCOYMEBOPEHHS, Byru 8U3HadYeHi onmumarbHi
ymosu riepebiey peakuii. Po3paxosaHi yMO8Hi KOHCmaHmu ymeopeHHs1 Komriekcy. OUiHeHO MOXru-
gicmb OMpPUMaHHs1 CMIUKO20 KOMIM/IeKCOHamy 8 PO34UHI MpuU Hass8HOCMI IHUWUX PEYOBUH i fpu Pi3HUX
3HadeHHsx pH. ObyucrieHo npoueHMHULl 8Micm KOMIINEKCY 8 pO34UHi 3 makumu pH. BusHa4eHO 3Ha-
YeHHs1 KucriomHocmi cepedosuwya, ke sapaHmye eghekm KOMIIIEKCOYMBOPEHHS He MeHwe 99%.
lNpoeedeHo OocrnidxeHHs 3 Midbopy nidxoxoeo iHMepsasy pH po34uHy, KOHUeHmMpauisi SK02o po3paxo-
eaHa Ha nidcmasi 3adaHoi pa308oi meparieamu4YHoi 003U | MOfIbHO20 Cri88IOHOWEHHS 8UXIOHUX iHepe-
dieHmis. [Npu 8apito8aHHI KUCIOMHOCMI peakyitiHo20 cepedosulla 8U3Ha4YeHO onmumasibHuUl diana3oH
pH — 8id 6,2 do 6,5. [posedeHo criocmepexeHHsT 3a cmabinbHicmo O0CniOHUX cepili npenapamy,
roMiueHo20 8 rsuwKu 3 080x sudie ckna, 3aKyrnopeHi npobkamu 0eox sudie. Bug4eHo siKicmb pO3HUHY
JlikapcbKO20 rpenapamy 8 Mpoyeci npuaomyeaHHs, rpu rnposedeHHi 8Cb020 MEXHOT02i4HO20 UUKITY
i npu 36epieaHHi 8 Nep8UHHOMY MaKysaHHi. BcrmaHo8rneHo, wo nokKasHUKU SIKOCMIi PO34YUHY C8IKOMpuU-
20moeaH020, Mid Yac i ricsisi 3aKiHYeHHs1 pearaMeHmogaHo20 mepmiHy 36epieaHHsI ma y ecix sudax
rep8UHHO20 NaKysaHHs1 8idnosidarome rokasHuUKam HopmamueHoi dokymeHmauii. OmpumaHri 0aHi rid-
meepOxyromb MpUlHAMHICMb 3arpornoHoeaHo20 Oiarna3oHy pH Ons 3abe3nedyeHHs1 echekmugHocmi
peakuii i cmabinbsHocmi fnikapcbKo20 rpenapamy. B pe3ynbmami docrnidxeHb ecmaHoeeHi ma o6-
e2pyHmMo8aHi rnpuliHAMHI Mexi 07151 00HO20 3 HaliBaXKIIUBILIUX 3MIHHUX ¢hapMauesmuy4HUX rnapamempie
(pH), wo 6yde sukopucmaHo Ha HacmyrnHuUX emariax ¢hapmayesmu4HOi PO3POOKU.

BbIBOP ONTUMAIJbHbIX MPEOEJIOB pH ONA NAPEHTEPAJIbHOIO MNMPEMNAPATA

HA OCHOBE COJIEN AllbAOHOBOU U NONMMKAPBOHOBOU KUCNOTbI

H.B.BeeyHoga

Knroueenie cnoea: komrnekcoobpasosaHue,; pH; cmabunbHocmb; KOHCmMaHma ycmoudugocmu;
repeuyHas yrnakoeka

lposedeHbI uccriedosaHuUsi Mo co30aHUK HOBO20 NMapeHmeparbHO20 rnpenapama, codepxauie2o Kom-
MIEKCHOEe COeOUHEHUe, I0/TyHEeHHOEe 8 pe3yribmame 83aumMo0elicmeust WeroYH03eMerbHOU Conu arb-
00HOB0U U Wesno4HoU cosu nonukapboHosouU Kuciomel. Ha 0CHo8aHUU U3y4YeHUSsT (hUUKO-XUMUYECKUX
ceolicme UCXOOHbIX peac2eHmos U (hakmopos, 8/UsIFOULUX Ha roSTHOMY KoMriieKkcoobpa3osaHusi, bbinu
onpedernieHbl onmumMalsibHble yCriogusi MpomekaHusi peakyuu. Paccyumanbi yCri08HbIe KOHCMaHMmMbl
obpazosaHusi komririekca. OueHeHa 803MOXHOCMb O/TYHEHUST yCmMOUYUB8020 KOMII/IeKCOHama 8 pac-
meope npu Hanu4duu Opyeux eewecms U rnpu pasnuyHbiX 3HadeHusx pH. BbiqucieHo npoyeHmHoe
codepxaHue Komrisiekca 8 pacmeope ¢ makumu pH. OnpedeneHo 3Ha4eHUe KUCIIOMHOCMU cpeobl,
eapaHmupyoujee agpghekm KommnaekcoobpasosaHusi He meHee 99%. [NposedeHsbi uccriedosaHuUsI 1o
nodbopy npuemnemozo uHmepsana pH pacmeopa, KOHUeHmpayusi KoOmopo20 paccyumaHa Ha OCHO-
g8aHuUU 3adaHHOU pa3080l meparnesmu4eckol 003bl U MO/IbHO20 COOMHOWEHUST UCXOOHbIX UH2pedu-
eHmos. [Npu 8apbupoO8aHUU KUCITOMHOCMU peaKUUOHHOU cpedbl onpederneH onmumarbHbil duana3oH
pH—om 6,2 do 6,5. lNposedeHbI HabrirodeHus1 3a cmabuibHOCMbIO OMNbIMHbIX cepull npernapama, rno-
MeuweHHo20 8 bymblIniku u3 08yx UG08 cmekKra, yKyrnopeHHbIe npobkamu d8yx sudos. M3y4eHo Kade-
Cmeo pacmeopa /ieKkapCmeeHHO20 rnpenapama 6 rpouecce rnpu2omoereHus, npu rnposedeHuU 8cezo
MEeXHO/I02UYECKO20 YUKIIa U Mpu XpaHeHUU 8 nepeuyHoll yrakoske. YcmaHoeneHo, Ymo rnokasamesnu
Ka4Yecmea pacmeopa C8exXernpuaomosieHH020, 80 8peMS U 110 OKOHYaHUU peariaMeHmupyemozo cpo-
Ka XpaHeHus1 U 80 8cex sudax nepsuvyHoOU yrnakoeKu coomeemcmayom rokasamerssiM HopMamueHoU
dokymeHmauyuu. NomyyeHHble OaHHbIe MoOmeepx0arom fnpuemnIemMocms npedsioKeHHO20 duara3oHa
pH 0na obecriedeHus aghhekmusHOCMU peakyuu u cmaburbHOCMU fIeKkapCmeeHHO20 rpernapama.
B pesynbmame uccredosaHull ycmaHo8/eHbl U 060CHO8aHbI rnpuemsieMbie rpederibl 07151 00HO20 U3
gaxkHelWwux nepeMeHHbIX hapMayesmuy4yeckux napamempos (pH), umo 6ydem ucronb308aHo Ha crie-
Ayrowux amanax chapmayesmuyeckol paspabomkul.



