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The place and role of the biopharmaceutical classification system have been substantiated in the
article, the essence and content of biowaiver have been revealed, as well as their use in pharmaceuti-
cal development of bioequivalent solid dosage forms has been described. A new direction has been
presented. It is discovery and study of physical and chemical regularities of using active pharma-
ceutical ingredients, which influence on their pharmacological action. The dependence of the active
substance on technological factors, i.e. features of the pharmaceutical technology, has been studied.
It has become possible due to the use of modern perfect methods of estimation of drug efficiency and
mainly the possibility of determination of the content of active substances and their metabolites in
biological fluids, and it is necessary when considering a question about the therapeutic equivalence
of medicines. On the example of the active substance — bisoprolol fumarate, which belongs to class |
in accordance with the biopharmaceutical classification system, the kinetics of release and bioequiva-
lence have been studied. The kinetics of release of the active substance of 10 mq tablets of bisoprolol
fumarate and the corresponding original medicine “Concor tablets, 10 mg” has been studied in the
pH medium of 1.2; 4.5; 6.8. It has been proven that development of a new medicinal form is a difficult
process of the experimental research, therefore, for optimization of development of the composition
and technology of medicines under conditions of the laboratory of industrial pharmacy it is necessary
to use the most effective methods and methods of biopharmaceutical research, one of which is the
research of bioequivalence of solid dosage forms based on the study of physical and chemical prop-

erties of active substances using the biopharmaceutical classification system.

At the present stage of development of the pharma-
ceutical industry scientists are trying to establish the
dependence of action of drug substances on technologi-
cal factors, i.e. features of the pharmaceutical technolo-
gy. It has become possible due to the use of modern per-
fect methods of estimation of drug efficiency and mainly
the possibility of determination of the content of active
substances and their metabolites in biological fluids, and
it is necessary when considering a question about the
therapeutic equivalence of medicines. The results of this
research are widely used to improve the efficiency of
medicines and reduce their side effects.

For optimization of research of technological and
biopharmaceutical indicators of active substances de-
pending on their physical and chemical properties the
drug classification systems are used in pharmacy; they
are used as means to establish relationships or orien-
tation in various notions of the corresponding objects
performing the fuction of the unified description of the
range of medicines that are present at the pharmaceuti-
cal market in order to compare the volume of their con-
sumption at the national or international levels. Clas-
sification systems compare standardized and validated
information on the use of a medicine to check and de-
termine the structure of consumption, revealing draw-

backs when using, initiating educational and other spe-
cial events (for example, the classification of drug ad-
verse reactions, the study of the structure of antibiotics
consumption in different regions or individual countries in
order to strengthen the fight against antibiotic resistance,
etc.), as well as monitoring the outcomes of these ac-
tivities. In the second half of the twentieth century the
WHO proposed several uniform systematics of medi-
cines deprived of drawbacks of the classifications used
previously. They combine some classification principles
such as the mechanism of drug action, indications and
the chemical structure of the active pharmacological in-
gredient (API) that is present [3].

At present the Anatomical Therapeutic Chemical clas-
sification (ATC) system is widely used with the purpose
of obtaining statistical data on the drug consumption
at the regional or international level, the drug market
research, needs of production, classification of adverse
reactions of medicines, etc. With the help of ATC clas-
sification medicines can be encoded, their possible use
in therapy, potency and composition can be determined.
According to ATC classification all medicines are di-
vided into five main groups depending on their action
on a particular anatomical organ or system, and their
chemical, pharmacological, therapeutic and chemical
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properties. At the first level there are 14 major anatomi-
cal groups marked with one Latin letter: A — medicines
affecting the digestive system and metabolism; B — me-
dicines affecting blood system and hemopoiesis; C — me-
dicines affecting the cardiovascular system, etc. Each
group, in turn, is divided into therapeutic / pharmaco-
logical subgroups (the second and third level). The fourth
level is presented by therapeutic / pharmacological / che-
mical subgroups; the fifth one — by a chemical substan-
ce (API). The second — the fourth levels of medicines
are often used to identify pharmacological subgroups
(when it is more appropriate than determination of thera-
peutic and chemical subgroups). The Biopharmaceutics
Classification System (BCS) considers the relationship
of the three indicators — solubility of the drug sub-
stance, its dosage form dissolution and penetration of
APIs from the intestine after oral use into the systemic
circulation [2].

According to BCS all drug substances are divided
into four classes based on solubility in biological fluids
and permeability through biological membranes in the
gastrointestinal tract after oral administration.

The first class (I) of BCS includes active substances
with a high solubility and permeability having high in-
dicators of absorption and bioavailability.

The second class (II) of BCS are the active substan-
ces characterized by a low solubility, but a high perme-
ability through biological membranes, they differ by op-
timal indicators of absorption and bioavailability.

The third class (III) of BCS combines active sub-
stances with a high solubility, but a low permeability
through biological membranes, they differ by limited
absorption and bioavailability.

The fourth (IV) class includes active substances with
a low solubility and low permeability, they differ by
problematicity as for absorption and bioavailability [1].

The aim of the work is to prove bioequivalence of
solid dosage forms on the basis of the study of physical
and chemical properties of active substances using the
biopharmaceutical classification system.

Experimental Part

Within the biopharmaceutical concept medicines are
considered as a dialectically integrated specific physi-
cal chemical system, taking into account the impact of
mandatory variables (pharmaceutical, physiological, bio-
chemical) that acquire biological significance and in-
fluence on the drug efficiency and formation of their
bioequivalence. The drug efficiency can be determined
only by a careful study of the impact of both pharma-
ceutical and biological variables, each of which causes
a dominant influence on the various stages of the “life”
of a drug, beginning with creation and ending with its
production and the rational use [2, 3].

Physical and chemical and technological properties
of active substances are essential features when select-
ing the optimal composition of new effective and avail-
able dosage forms, as well as improvement of the qual-
ity of production of the known dosage forms that dif-
fer by the optimal life cycle at the world and domestic
pharmaceutical markets.

At the current stage a new direction develops in the
pharmaceutical industry; it is discovery and study of phy-
sical and chemical regularities of using medicinal sub-
stances, which affect their pharmacological action. First
of all, scientists are trying to establish a relationship of
the active substance on technological factors, i.e. features
of the pharmaceutical technology. It has become pos-
sible due to the use of modern perfect methods of esti-
mation of drug efficiency and mainly the possibility of
determination of the content of active substances and
their metabolites in biological fluids, and it is neces-
sary when considering a question about the therapeutic
equivalence of medicines. The results of these studies
are widely used to improve the efficiency of medicines
and reduce the risk of side effects. At this stage, the
role of pharmaceutical factors has been proven. During
experiments the influence of the physical condition: the
degree of fractionation, solubility, polymorphism and
other pharmaceutical factors on the activity of medici-
nal substances has been confirmed. Modern methods of
predicting the shelf life of drugs in most cases based
on decomposition of active substances. Using physical
and chemical factors that slow down chemical reactions
(temperature, pH, light, humidity, etc.) the changes that
active substances are subjected in the process of storage
can be checked in the short period of time [6, 7].

Pharmaceutical factors have a particular impact on
the therapeutic efficacy of medicines. They include five
groups: chemical modification of a drug substance (salt,
acid, the presence of ether bonds, complex compounds);
the physical and chemical state of a drug substance (cry-
stal form, particle sizes, the presence or absence of the
charge on their surface, etc.); excipients, their nature, num-
ber, the type of dosage form and the route of administra-
tion; excipients and pharmaceutical technology [8, 9, 10].

Results and Discussion

We believe that along with these factors it is neces-
sary to identify the interaction of active substances and
excipients, which are part of the dosage form and their
impact on the therapeutic efficacy of the dosage form,
dynamics and kinetics of release of the active ingredi-
ent, its bioavailability and bioequivalence.

On the example of the active substance — bisoprolol
fumarate, which belongs to class I in accordance with
the biopharmaceutical classification system, the kine-
tics of release and bioequivalence have been studied.
Since according to the biopharmaceutical classification
system the substance of bisoprolol fumarate belongs to
class I of substances with a high solubility and perme-
ability and has high indicators of absorption and bio-
availability, in order to confirm in vitro similarities of
10 mg tablets of bisoprolol fumarate of “Farmak” JSC
with the corresponding original medicine “Concor tab-
lets, 10 mg” the study of the kinetics of release of the
active substance (bisoprolol fumarate) was performed
in 3 standard media:

1) pH 1.2: the mixture of 0.2 M solution of hydro-
chloric acid and 0.2 M solution of sodium chloride;

2) pH 4.5: the mixture of the solution of 2.99 g/l of so-
dium acetate and 14.0 ml/l of 2 M solution of acetic acid;



12 BICHUK ®APMALIIT 2(78)2014 ISSN 1562-7241
120
80
X —e— Bisoprolol
& 60
—=— Concor
40 /
20
0 / T T 1
0 10 15 30

t, min

Fig. 1. The kinetics of release of the active substance of 10 mg tablets of bisoprolol fumarate
and the original medicine “Concor tablets, 10 mg” in the pH medium of 1.2.

—e— Bisoprolol

—a— Concor

0 |

0 10
t, min

15 30

Fig. 2. The kinetics of release of the active substance of 10 mg tablets of bisoprolol fumarate
and the original medicine “Concor tablets, 10 mg” in the pH medium of 4.5.

3) pH 6.8: the mixture of 0.2 M solution of potas-
sium dihydrogen phosphate and 0.2 M solution of so-
dium hydroxide.

The study of release of the active substance was
performed on the devices for dissolution “Erweka DT
800” and “Erweka DT 700”. For research we used a
type of the device with a basket rotating with the rate
of 100 rpm.

The volume of the dissolution medium was 900 ml.
The temperature of the dissolution medium maintained
automatically was 37+0.5°C. The release profiles of the
active substance of 10 mg tablets of bisoprolol fuma-
rate and the corresponding original medicine “Concor
tablets, 10 mg” is shown in Fig. 1, 2 and 3.

As can be seen from the data, the kinetics of release
of bisoprolol fumarate from 10 mg tablets and the origi-
nal medicine “Concor tablets, 10 mg” is completely the
same and does not depend on the pH medium of release.
The full agreement of the profile and the amount of the
active substance release referring bisoprolol fumarate to
the first class of BCS allows to predict bioequivalence
of medicines and to register them according to biowaiver.

Development of a new dosage form is a complex mul-
tistaged process of the experimental research, therefore,
for optimization of development of the composition and
technology of medicines under conditions of the labo-
ratory of industrial pharmacy it is necessary to use the
most effective methods and methods of biopharmaceu-
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Fig. 3. The kinetics of release of the active substance of 10 mg tablets of bisoprolol fumarate
and the original medicine “Concor tablets, 10 mg” in the pH medium of 6.8.
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tical research, one of which is the research of bioequiva-
lence of solid dosage forms based on the study of physi-
cal and chemical properties of active substances using
the biopharmaceutical classification system.

CONCLUSIONS

The kinetics of release of the active ingredient — 10 mg
tablets of bisoprolol fumarate and the corresponding ori-
ginal medicine “Concor tablets, 10 mg” in the pH me-

dium of 1.2; 4.5; 6.8 has been studied. The results ob-
tained have shown that during the first 15 minutes under
these conditions more than 85% of the active substance
of both the reference medicine “Concor tablets, 10 mg”
and the test medicine “Bisoprolol tablets, 10 mg” have
been released; the release profiles of 10 mg tablets of
bisoprolol fumarate and original medicine “Concor tab-
lets, 10 mg” are completely the same.
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OOCNIOXEHHA BIOAOCTYNHOCTI TBEPOUX NIKAPCbKUX ®OPM HA NMPUKNAQLI
TABJIETOK BICOMPONONY ®YMAPATY BIAMNOBIAHO AO BIO®APMALIEEBTUYHOI
KNACUDIKALIMHOI CACTEMU

C.M.lypeeesa

Knroyoei cnoea: 6iochapmayesmuyHa KnacugikauitiHa cucmema; meepdi riikapcbKi ¢hopmu
MPOMUCII08020 8UPOBHUYMEa; KIHemukKka 8UBifibHeHHS; (hi3UKO-XiMiYHI erracmueocmi OiroHux
pedosuH; npoyedypa bioselisep; bioekgisaneHMHiIcmb

B cmammi obrpyHmosaHi micye ma pornb bioghapmauesmuyHol knacugikayiliHoi cucmemu, po3Kpu-
mo cymHicms i 3micm ripoyedypu biogelisep ma ix suKopucmaHHs y hapmauyesmuyHil po3pobui 6io-
ekgiganeHmMHuUx meepoux rikapcbKux ghopM. Po3kpumo Hoeul Harpsm — 8iOKpummsi ma 8U84eHHsI
hi3UKO-XIMIYHUX 3aKOHOMIpHOCMeEU 8UKOPUCMAaHHS aKmueHUX ¢hapMauesmuyHuUx iHepedieHmis, uwo
grnugarome Ha ix ¢ghapmakonozaiyHy dito. [JocnioxeHo 3anexHicms Qito4ux JliKapCbKUX pevyo8UuH 8id
mexHoro2iYHUX ¢hakmopie, mobmo 8id ocobnusocmetl chapmauesmuyHOI mexHoogzii, Wo cmarso
MOXUBUM 3a805IKU BUKOPUCMAaHHK cydacHUX OCKOHanux memodie OUiHKU eghekmueHoCmi fiKig i, 8
OCHOBHOMY, MOXITUBOCMI 8U3Ha4YeHHs1 eMmicmy Oilo4uX peqyos8uH, ix Memaboriimie y 6iornoaiyHux piou-
Hax, Wo € HeobxiOHUM ripu po32s1s10i MuMaHHs1 meparieamuyHoi ekgisarieHmHocmi nikie. Ha npuxnadi
ditoyoi peyosuHuU — bicornporony chymapamy, sika 8i0Hocumbcsi 00 NMepwozo Kacy y 8idnogioHocmi 0o
bioghapmauesmuyHoOi KnacugikauitiHoi cucmemu, 00CiOXKeHO KiHemMUKY 8ugifisHeHHSI ma bioeksiea-
nieHmHicmb. BucgimneHo 00cnid)eHHsT KIHemuKku 8uginbHeHHS dito4oi peyosuHu bicornporiony ¢by-
mapamy 3 mabnemok 10 Me ma 3 8i0rnogidHO20 opueiHabHO20 flikapcbko2o 3acoby «KoHkop, mab-
nemku 10 ma» y cepedosuuie pH 1,2; 4,5; 6,8. O0epxaHi pe3yrbmamu rioka3sanu, wo 3a nepwi 15 xe
y 3a3HavyeHuUX ymosax susinibHIembcs binbwe 85% 0Oito4oi pedosuHU SiK 3 penapamy MopPi8HSIHHS
«Konkop, mabnemku 10 me», mak i 3 0ocnidxyeaHozo npenapamy «biconponon, mabnemku 10 me».
LlosedeHo, ujo po3pobka HOBOI nikapcbKoi hopmu € ckradHuM bazamocmyrneHe8uUM MPOYECOM EKC-
nepumeHmarsnbHux 0ocnidxeHb, omxe 05151 onmumisauii po3pobku cknady i mexHosoz2ii nikapCbKux
3acobig 8 ymosax nabopamopii mpomucriogoi hapmauii HeobxiOHO suKopucmosygamu Halieghekmusg-
Hiwi memodu ma memoduku 6ioghapmauesmuyHux AocrnideHb, OOHUM 3 SKUX € Q0CrideHHs bio-
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eksigarieHmMHocmi meepoux ikapCcbKux ¢hopM Ha OCHO8I 8UBYEHHST (hi3UKO-XIMIYHUX enacmusocmell
Oito4UX peqy0o8UH 3 8UKOpUCMaHHSM bioghapmauesmuyHOI KnacugbikauyiliHoi cucmemu.

MCCIEOQOBAHUA BMOOOCTYNHOCTU TBEPObLIX NEKAPCTBEHHbLIX ®OPM HA NPUMEPE
TABJIETOK BUCOIMPOIOJIA ®YMAPATA OTHOCUTEJNIbHO BUO®APMALIEBTUYECKOW
KNACCUDPUKALIMOHHOWU CUCTEMbI

C.H.lypeesa

Knroyeenie cnoega: buoghapmayesmuyeckas KnaccugukayuoHHasi cucmema; meepoble
JiekapcmeeHHbIe (hopMbI MPOMbILIEHHO20 Mpou3godcmea; hu3uKO-XuMuUYeckue ceolicmaa
Oelicmeyrouux seujecms; npouedypa buoselisep; buoOIK8UBaNIEHMHOCMb

B cmambe o6ocHO8aHO Mecmo u pornb buoghapmayesmuyeckol KraccughukayuoHHOU cucmemsl,
packpbimo cyuHocme U codepxxaHue rpouedypbi buoselisep, a makxe Ux UCronb3osaHue 8 ap-
Mauesmuyeckux pa3pabomkax buoskeuganeHmMHbIX meepobix fieKkapcmeeHHbIX hopmM. Packpbimo
HOB8O€e HarpasrieHue — omKpbimue U UusyyeHue hU3UKO-XUMUYECKUX 3aKOHOMepHOcmel UcCrob306a-
HUST aKmuBHbIX ¢hapMay,e8mu4ecKUx UHepedUeHmos, KOmophble 8/USIFOM Ha Ux ¢hapMaKkosioeu4ecKoe
Oelicmeue. MccriedosaHa 3asucumocmb 0elicmayouleco 1eKkapcmeeHHO20 geulecmesea om MmexHo-
JioeuyecKkux ghakmopos, mo ecme om ocobeHHocmel hapmayesmuyeckol mexHonoauu, 4mo cma-
J10 803MOXHbIM bria200apsi UCMOIb308aHUK COBPEMEHHBIX COBEPWEHHBIX MEMOO08 OUEHKU aQhghek-
mueHoCcMu fiekapcme U, 8 OCHOBHOM, 803MOXXHOCMU ornpedeneHusi co0epxumoao delicmsyroujux
seuwjecms, ux memabosiumos 8 6uoIo2u4ecKUX XUOKOCMSIX, Ymo sierisemcst He0OX0OUMbIM MpuU pac-
CMOMpPEHUU 80ripoca O meparnesmuyeckol aKkeusaseHmHocmu fiekapcms. Ha npumepe delicmsy-
rowezo seujecmea — buconporiona ymMapama, Komopoe OmHOCUMCS K 1epeoMy Kiaccy 8 coom-
semcmeuu ¢ buoghapmayesmuyeckol KrnaccugukayuoHHoOU cucmemol, uccriedosaHbl KUHEMUKA
8bIC806OXOEHUS U buoakeusarieHmMHocmb. OmpaxeHo uccredosaHue KUHeEMUKU 8bIC8OBOXOEHUS
Oelicmsyrowe2o sewecmesa buconpornona ymapama uz mabnemok 10 Me u u3 coomeemcmeyro-
wieao opueauHarnbHo20 fiekapcmeeHHo20 cpedcmea «KoHkop, mabnemku 10 me» 6 cpedy pH 1,2; 4,5;
6,8. okasaHo, ymo pa3pabomka HO80U fieKkapCcmeeHHOU hOpPMbI 18MIIEMCS CHIOXHbLIM MHO20CmYy-
reHYambIM rPOoUEeCCOM 3KCrepuMeHmarbHbIx uccredosaHull, criedogamesnibHO 05151 onmumMmu3ayuu
paspabomku cocmasa U mexHos102uU fiekapcmeeHHbIX cpedcme 8 ycriogusix jabopamopuu rpo-
MbiwneHHOU ¢hapMayuu Heobxo0uMo UConb308amp cambie 3¢hghekmueHble Memoodbl U MeEMOOUKU
buoghapmauyesmuyeckux uccredosaHuli, 0OHUM U3 KOMOPkIX s8r1semcs uccriedosaHue buoakeuea-
JiIeHmHocmu maeepOobix /ieKapCmMeeHHbIX (hOPM Ha OCHOBE U3yHeHUST (hU3UKO-XUMUYECKUX ceolicme
delicmsyrowux seuiecms ¢ ucrornb3oeaHueM buoghapmayesmuyeckoll KraccughukayUuoHHOU CUCMEMBI.



