
[24] Біофармацевтичні дослідження

УКРАЇНСЬКИЙ БІОФАРМАЦЕВТИЧНИЙ ЖУРНАЛ, № 6 (47) 2016ISSN 2311-715X

UDC 615.07:615.453.6:001.891

S. Yu. Visych, O. V. Dorovskyу, L. M. Andryukova, O. H. Fetisova 

National University of Pharmacy

BIOEQUIVALENCE STUDIES OF MEDICINAL PRODUCTS 
OF TRANEXAMIC ACID

This article presents results of complex of research on biowaiver procedure to establish bioequivalence of medici-
nal products of tranexamic acid in form of tablets 500 mg. As a result of solubility and extent of permeation studies 
for active substance tranexamic acid is established I class according to BCS. It was established, that the objects of the 
study belong to highly soluble medicinal products in all recommended dissolution media. The similarity of dissolution 
profiles demonstrates the equivalence of test and reference medicinal products of tranexamic acid.
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INTRODUCTION
Today around the world, including in Ukraine, sig-

nificant part of the pharmaceutical market consists of 
generic medicinal products (MP) of different pharmaco-
therapeutic groups and dosage forms, that are much more 
cheaper on price constituent than innovative products. 
According to information of various authors for different 
time periods [1, 7], number of registered generic MPs in 
Ukraine was within 55-90 %. But along with economic 
benefits for generic MPs can be outlined also negative 
aspects, such as side effects and inappropriate effective-
ness compared to original drugs. The basis for the pre-
vention of significant pharmacological differences in me- 
dical use of generic MPs and main condition for regist- 
ration of generics according to international regulatory 
practice is proof of their bioequivalence to reference pro- 
duct, that should be original MP with proven efficacy, 
safety and quality.

One of methods to prove bioequivalence of generic 
and reference MPs for solid dosage forms of systemic expo-
sure with immediate-release for oral use is simplified-
procedure of registration for generic MP, that is called 
“biowaiver” and is based on biopharmaceutical classifi-
cation system (BCS) of active substances (AS) and cate-
gory of MP regarding dissolution in media of gastrointes- 
tinal tract (GIT). This approach allows to evaluate substi-
tution of generic and reference drugs on the basis of their 
comparison in conditions in vitro. In this case it is neces-
sary to consider quantitative and qualitative composition 
of products in terms of AS and excipients (EX), balance 
of risks in terms of health of population and individual 
patient, results of solubility and permeation of AS into 

gastrointestinal tract and the results of comparative in 
vitro studies using dissolution profiles of MPs in media, 
that reflect physiological composition of different media 
of gastrointestinal tract [6, 11]. So, to be able to use “bio-
waiver” procedure for registration of solid dosage forms 
of systemic exposure for oral use with immediate-rele- 
ase in is necessary to conduct complex of studies.

MATERIALS AND METHODS
Analysis of recent studies and publications
Basic requirements for studies regarding “biowaiver” 

procedure are approved by the majority of world leading 
regulatory agencies on assessment of medicinal products 
(FDA, 2000, WHO, 2006, EMA, 2010) [3, 4, 8]. In Ukraine, 
this approach is governed by guidelines ST-N of MOHU 
42-7.1: 2014 “Medicinal products. Bioequivalence Study” 
[11], that is harmonized with relevant regulations of the 
European Union [4]. Foreign and domestic literature pro-
vides many study results of different ASs and their MPs 
regarding in vitro study and evaluation of bioequivalence 
of generic and reference drugs. These studies are devoted  
to main directions of “biowaiver” procedure, such as de-
termination of solubility and degree of permeation of AS 
and determination on the basis of AS class, according to 
biopharmaceutical classification system (BCS) [9], deter-
mination of MP category and comparison of dissolution 
profiles of generic and reference MPs [5, 9], methods de-
velopment for study of dissolution kinetics of AS of their 
medicinal products [15].

RESULTS AND DISCUSSION
Highlighting of not resolved before parts of general 

problem
During conducting literature review on matter of 

studies of bioequivalence of generic and reference MPs 
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of tranexamic acid, we have not found any publications 
highlighting relevant issues, to which this article is de-
voted, that makes it impossible to assess the results of 
such studies and to use them in our work.

Formulation of objectives of the article
The aim of this work was to conduct complex of in 

vitro bioequivalence studies of medicinal product Cyclo-
capron-Zdorovye film-coated tablets 500 mg, with active 
substance tranexamic acid, to determine possibility to use 
biowaiver procedure for state registration of generic MP. 

Presentation of the basic material of the study
The objects of the study were:

• tranexamic acid substance, manufacturer Changzhou 
Yinsheng Pharmaceutical Co Ltd., (China);

• medicinal product “Cyclocapron-Zdorovye film-coated 
tablets 500 mg”’ of experimental-production batch 
manufactured by “Pharmaceutical company “Zdorovye”, 
Ltd., Ukraine;

• reference medicinal product “Cyclocapron® film-coa- 
ted tablets 500 mg”, manufactured by “MEDA Manu- 
facturing GmbH”, Germany.
All studies were performed according to standardi- 

zed procedure, that was developed in accordance with 
recommendations [4, 11] and approved by the company.

Dissolution study was performed using dissolution 
apparatus PTWS610 manufactured by company “Phar-
ma Test” (Germany) under following conditions: appara-
tus with basket, volume of dissolution medium – 500 ml,  
temperature of dissolution medium – (37 ± 1) °C, stirring 
speed – 100 rpm, sampling points: 10, 15, 20 and 30 min, 
buffer solutions with pH 1.2, pH 4.5 and pH 6.8. Buffer 
solutions were prepared according to requirements of 
SPU [10] using reagents of Pharmacopoeial grade, such 
as: hydrochloric acid, sodium acetate, glacial acetic acid, 
potassium dihydrogen phosphate, sodium hydroxide and 
sodium chloride. For each study were used 12 units of MP 
for statistical evaluation. In accordance with the requi- 
rements [4, 11] was conducted control of pH values of 
buffer solutions before and after dissolution of MP of tra- 
nexamic acid to confirm absence of impact of AS on pH 
of buffer solutions.

Assay of tranexamic acid in all studies was conduc- 
ted according to developed and validated method by liquid  
chromatography. For this purpose was used reference 
standard of tranexamic acid USP RS, catalog number 
1672745, batch number RO21KO.

In the studies following analytical equipment was 
used: electronic laboratory balance AG 204, manufactu- 
rer “Mettler Toledo” (Switzerland); liquid chromatograph 
Agilent 1100 3D LC System, manufacturer “Agilent Tech-
nologies” (USA), column Hypersil ODS, Agilent, dimen-
sions 250 × 4.6 mm with a particle size of 5.0 microns; pH 
meter Seven Easy pH equipped with electrodes “Mettler 
Toledo” (China); measuring glassware class A.

To solve task set at the beginning of the study was 
analyzed performance of general conditions regarding pos-
sibility of use of “biowaiver” procedure to objects being 

studied. It was established, that studied and reference 
MPs had solid dosage forms (tablets) with systemic expo-
sure, immediate-release for oral use, containing AS tra- 
nexamic acid in same amount of 500 mg and don’t have 
narrow therapeutic index. EXs, that were used in com-
position of test MP were well-studied, met requirements 
[4, 11] and performed functions that were similar to that 
of EXs of reference MP, namely were qualitatively simi-
lar (Tab. 1). So, objects of the study for all criteria met 
the requirements for use of “biowaiver” procedure.

The next stage of the studies was to establish the BCS 
class for tranexamic acid. One of the criteria for classifica-
tion AS in accordance with BCS [4, 11] is the solubility of 
the highest single dose in a volume ≤ 250 ml of each of three 
buffer solutions pH 1.2, pH 4.5 and pH 6.8 at (37 ± 1) °C. 
This volume is calculated as the ratio of the highest single 
dose to the equilibrium solubility of AS (HSD/Sav., ml).

According to world leading pharmacopoeias [2, 12], 
tranexamic acid is trans-4 (aminomethyl) cyclo-hexane-
carboxylic acid, that belongs to freely soluble in water 
substances. Solubility and acid-base properties of AS are 
determined by its chemical structure (Fig. 1), that has 
groups of a dual nature: acidic part in form of an car-
boxyl group and main part in the form of amino group. It 
describes tranexamic acid as highly polar substance that 
is responsible for good solubility in water and evidences 
of its presence in solution as zwitter-ions depending on 
pH of medium. Based on these considerations it can be 
suggested, that this AS is soluble in recommended dis-
solution media within pH range 1.2-6.8.

Table 1

COMPARATIVE EVALUATION OF OBjECTS  
OF THE STUDy

Composition of MP

study reference

trans-4 (aminomethyl) 
cyclo-hexanecarboxylic 
acid 

500 
мг

trans-4 
(aminomethyl) cyclo-
hexanecarboxylic acid 

500 
мг

Excipients

Microcrystalline cellulose Microcrystalline cellulose
Povidone Hypromellose
Crospovidone Povidone K25

Magnesium stearate Magnesium stearate (EP) 
(plant)

Colloidal anhydrous silica dioxide Finely dispersed silica dioxide
Talc Talc

Dry mixture of Opadry white 
(contains titanium dioxide, 
hypromellose, triacetin)

Basic butyl methacrylate-
copolymer
Titanium dioxide
Macrogol 8000
Vanillin 

Fig. 1. Structural formula of tranexamic acid
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In order to establish BCS class and to confirm this 
assumption was carried out complex of studies on solu-
bility of tranexamic acid according to the requirements 
of regulatory documents [11], that included study of pro-
file of pH-dependent equilibrium solubility of tranexamic 
acid and calculation of volume, in which highest single 
dose dissolves in studied media. According to results of 
conducted studies [13] it was established, that tranexa- 
mic acid refers to substances with high solubility in all 
studied buffer solutions with pH 1.2; 4.5; 6.8.

Extent of permeation of AS tranexamic acid was es-
tablished in SI “Institute of Pharmacology and Toxicology 
of NAMS of Ukraine” using method of measurement of 
permeation rate through monolayer of cell culture Caco-2. 
Average permeation rate for tranexamic acid was (1.24 ± 0.11) 
E-05 cm/s, that corresponds to the criterion of “high ex-
tend of permeation”.

Thus, based on obtained results of conducted studies 
for the substance (solubility parameters and extend of 
permeation) it was found that tranexamic acid belongs 
to BCS class I, meaning that it shows high solubility and 
extend of permeation.

Next stage of complex studies is devoted to the study 
of release kinetics of tranexamic acid from test and re- 
ference MPs and comparison of their in vitro dissolution 
profiles. Average values of the AS release rate and rela-
tive standard deviation (RSD), obtained in the dissolution 

study of generic and reference products of tranexamic acid 
are given in Tab. 2. Dissolution profiles of the objects of the  
study at pH 1.2, pH 4.5 and pH 6.8 are shown in Fig. 2-4.

According to the results in Tab. 2 it is shown, that re-
lease of tranexamic acid from tablets of generic and ref-
erence products in all 3 recommended dissolution media 
having pH 1.2, pH 4.5 and pH 6.8 after 15 min is more 
than 85 % of labeled amount of active substance, indi-
cating that the objects of the study belong to very quick- 
ly soluble MPs in all recommended dissolution media.  

Table 2

RELEASE RATE OF TRANEXAMIC ACID FROM MPS DEPENDINg ON PH OF THE MEDIA

Release rate pH
Reference MP Test MP

Sampling points, min
10 15 20 30 10 15 20 30

Average value, in %
1.2

65.46 88.79 98.52 98.87 64.07 87.34 98.05 98.80
RSD, in % 4.34 2.24 2.13 2.09 2.93 2.05 2.07 2.05
Average value, in %

4.5
62.86 87.20 96.83 100.47 62.63 86.70 93.57 96.92

RSD, in % 2.31 2.19 2.10 2.13 2.29 2.11 2.08 2.02
Average value, in %

6.8
60.34 86.92 100.48 102.05 59.04 86.74 97.21 98.49

RSD, in % 2.98 2.05 2.09 2.07 3.45 2.30 2.07 2.10

Fig. 2. Dissolution profiles of reference and test MPs  
in dissolution medium with pH 1.2

Fig. 3. Dissolution profiles of reference and test MPs  
in dissolution medium with pH 4.5

Fig. 4. Dissolution profiles of reference and test MPs  
in dissolution medium with pH 6.8
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On the basis of established dissolution profiles of test and 
reference MPs and reliability of the results, as indicated 
by relative standard deviation (RSD) for generic and refe- 
rence MPs (Tab. 2), similarity of the studied tablets of 
tranexamic acid can be accepted without calculation of 
similarity factor.

CONCLUSIONS
1. Was conducted complex of studies to determine bio-

equivalence between test and reference MPs of tra- 
nexamic acid, that included analysis of fulfillment of 
general conditions regarding possibility to use “bio-
waiver” procedure, study of solubility and permea-
tion rate of tranexamic acid for determination of BCS 
class, determination and comparison of dissolution 
profiles of test and reference drug of tranexamic acid.

2. According to results of the study was established 
following:
• affiliation of tranexamic acid to class I according 

to BCS;
• affiliation of test and reference MPs of tranexamic 

acid to very quickly soluble MPs in all recom-
mended dissolution media.

• similarity of dissolution profiles, that evidences 
on equivalence of generic and reference MPs of 
tranexamic acid in form of tablets.

3. Based on the obtained results it was concluded on 
registration of generic MP “Cyclocapron-Zdorovye 
film-coated tablets 500 mg”, manufactured by “FC 
Zdorovye”, Ukraine, on biowaiver procedure without 
conducting in vivo bioequivalence studies. 
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С. Ю. Висыч, А. В. Доровской, Л. Н. Андрюкова, Е. Г. Фетисова
ИССЛЕДОВАНИЕ БИОЭКВИВАЛЕНТНОСТИ ЛЕКАРСТВЕННЫХ СРЕДСТВ ТРАНЕКСАМОВОЙ КИСЛОТЫ

Приведены результаты комплекса исследований по процедуре «Биовейвер» по установлению 
биоэквивалентности лекарственных средств транексамовой кислоты в форме таблеток по 
500 мг. По результатам изучения растворимости и степени проникновения установлен I класс 
по БСК для действующего вещества транексамовая кислота. Определено, что объекты иссле-
дования относятся к очень быстрорастворимым лекарственным средствам во всех рекомен-
дованных средах растворения. Подобность профилей растворения свидетельствует об экви-
валентности испытуемых и референтных лекарственных средств транексамовой кислоты.
Ключевые слова: транексамовая кислота; таблетки; биофармацевтическая система класси-
фикации; биовейвер; исследования биоэквивалентности in vitro; растворимость; профили 
растворения

УДК 615.07:615.453.6:001.891
С. Ю. Вісич, О. В. Доровський, Л. М. Андрюкова, О. Г. Фетісова
ДОСЛіДжЕННя БіОЕКВіВАЛЕНТНОСТі ЛіКАРСЬКИХ ЗАСОБіВ ТРАНЕКСАМОВОЇ КИСЛОТИ 

Наведені результати комплексу досліджень за процедурою «Біовейвер» щодо встановлен-
ня біоеквівалентності лікарських засобів транексамової кислоти у формі таблеток по 500 мг. 
За результатами вивчення розчинності і ступеня проникнення встановлено І клас за БСК для ді-
ючої речовини транексамова кислота. Визначено, що об’єкти дослідження належать до дуже 
швидкорозчинних лікарських засобів у всіх рекомендованих середовищах розчинення. Подібність 
профілів розчинення свідчить про еквівалентність досліджуваних та референтних лікарських 
засобів транексамової кислоти.
Ключові слова: транексамова кислота; таблетки; біофармацевтична система класифікації; 
біовейвер; дослідження біоеквівалентності in vitro; розчинність; профілі розчинення
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