RESEARCH PAPER

BIOPHARMACEUTICAL RESEARCH OF ANTIANEMIC
DOSAGE FORM

Kh.M. Yunusova', N.B. Ilkhamova', Sh.A. Kasimova?
I'Tashkent Pharmaceutical Institute,
Republic of Uzbekistan, Tashkent city, Mirabad district, Aibek street, 45
“Pharmaceutical enterprise SAMO LLC,
Republic of Uzbekistan, Tashkent city, Mirzo Ulugbek district, Mirzo Ulugbek Street, 142 B
INFORMATION ABOUT THE AUTHORS
Yunusova Kholida Mannanovna — Department of Industrial Technology of Drugs of the Tashkent Pharmaceutical
Institute, Doctor of Pharmaceutical Sciences, Professor. E-mail: holida_222(@mail.ru. ORCID: 0009-0009-8489-
2141
Ilkhamova Nargiza Bakhtiyarovna — Department of Industrial Technology of Drugs of the Tashkent
Pharmaceutical Institute, Doctor of Pharmaceutical Sciences, Docent, E-mail: nargiza.samo(@yandex.ru. ORCID:
0009-0006-6647-7743
Kasimova Shurangiz Adizzhonovna — specialist of the quality assurance department of the pharmaceutical
enterprise SAMO LLC. E-mail: shurangiz.kasimova@mail.ru. ORCID: 0000-0002-5187-8329
ABSTRACT
In the context of evaluating the efficacy and safety of developed pharmaceuticals, significant emphasis is placed on
the investigation of their bioavailability and bioequivalence. The exploration of the potential to alter the
pharmacological action of drugs represents a key area of biopharmaceutical research.
Objective of this article is to investigate the biopharmaceutical parameters of the proposed pharmaceutical
composition with antianemic action containing iron fumarate.
The material of investigation was film-coated tablets containing 210 mg of ferrous fumarate (60 mg in terms of
elemental iron).
To examine the kinetic parameters of substance absorption using the in-vitro method, absorption spectrophotometry
in the ultraviolet and visible regions was performed on a device with a paddle stirrer.
For laboratory research, the pharmacodynamic effects of the proposed drug were investigated in vivo and compared
with those of the reference drug. This study was conducted using a model of "iron deficiency anemia,” which was
induced using the subacute post-hemorrhagic anemia method.
Based on biopharmaceutical studies utilizing the in-vitro method, a protocol for conducting a dissolution test was
developed to determine the kinetics of ferrous fumarate release from a solid dosage form.
Furthermore, following biopharmaceutical studies utilizing the in-vivo method, the bioequivalence of the developed
dosage form in terms of specific activity and acute toxicity was investigated in comparison with the reference drug
The dissolution medium selected for determination of ferrous fumarate dissolution from film-coated tablets was
artificial gastric juice without pepsin, which was modified by the addition of acetate buffer. The dissolution time and
rotation speed of the paddle stirrer were modified. The detection was performed at a wavelength of 520 nm.
The drug under development demonstrates an antianemic effect and is classified as a low-toxicity substance with an
LD 50 of 1350 (1097 +1660) mg/kg.
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INTRODUCTION

When solid oral dosage forms are administered, the
absorption of medicinal substances depends on the
release and dissolution of medicinal substances under
physiological conditions. Iron deficiency is
recognized as the most prevalent nutritional

Currently, the pharmaceutical market of the country
offers a wide selection of iron preparations,
comprising  monocomponent and  combined
compounds of iron salts in various dosage forms. The
most rational approach to this issue is the utilization
of modern drugs, the production technologies of

deficiency globally and the primary cause of anemia
in approximately 2 billion people [1]. It is
characterized by a decrease in the level of iron in the
body, which leads to a reduction in the concentration
of red blood cells and hemoglobin in the blood [2]. It
is not feasible to replenish an existing iron deficiency
through dietary means, as the maximum possible
amount that can be absorbed from food is 2.5 mg/day
[3]. To achieve a therapeutic result, it is necessary to
ensure the intake of elemental iron in a dose of 100 to
300 mg per day, which is only possible through iron
medications [4].
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which ensure the maximum possible bioavailability
of iron while minimizing the risk of developing the
most common side effects associated with
ferrotherapy [5].

World Health Organization (hereafter as WHO)
experts recommend the use of oral divalent iron
preparations [6] due to their ease of administration,
favorable absorption, and improved tolerability. The
daily requirement for iron preparations is calculated
based on the amount of divalent iron contained
therein [7].

Preparations containing divalent iron are categorized
into organic compounds - gluconate (Totema),
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fumarate (Ferretab) - and inorganic salts - sulfate
(Sorbifer, Fenuls, Ferroplex, Tardiferon), chloride
(Gemofer).

It has been established that organic salts (gluconate,
fumarate) exhibit superior tolerability compared to
inorganic ones (sulfate) [8].

Furthermore, organic iron compounds generally
demonstrate lower toxicity; for instance, the acute
toxicity (LD50) of iron sulfate is 230 mg/kg,
gluconate is 320 mg/kg, iron fumarate is 630 mg/kg,
and for the polymaltose hydroxide complex, it
exceeds 2000 mg/kg [9].

For the development of the drug, ferrous fumarate
was selected, based on which the composition and
technology of the drug with an antianemic effect were
developed. Ferrous fumarate (iron (II) butenedioate
salt (1:1)) is a reddish-orange powder, a salt of
divalent iron and fumaric acid, obtained through
chemical synthesis. The chemical formula of this
compound is C4H2FeO4 with a molar mass of 169.9
g/mol. It exhibits slight solubility in water, very slight
solubility in ethanol (96%), but dissolves readily in
dilute acid solutions, such as gastric juice [10].
Fumarate distinguishes itself from other iron (II) salts
by its higher stability, less pronounced metallic taste,
and greater bioavailability, as divalent iron (ferrous)
is readily absorbed, and fumaric acid enhances its
absorption [11]. Consequently, preparations based on
iron fumarate do not bind to proteins in the upper
gastrointestinal tract but dissolve effectively directly
in the stomach, thus maintaining bioavailability
comparable to water-soluble salts [12].

In addressing the issue of efficacy and safety of
developed drugs, significant emphasis is placed on
the study of their bioavailability and bioequivalence
[13]. The investigation of potential alterations in drug
action constitutes one of the areas of
biopharmaceutical research. An essential factor in
this regard is the conduct of in vitro studies for
reliable determination of dissolution kinetics and in
vivo studies for determination of drug concentration
levels in biological fluids [14].

The research obtained results substantiate the
pharmacological activity and safety of the developed
medicinal product. The study and appropriate
application of this information contribute to the
optimization of the  pharmaceutical and
pharmacokinetic properties of the finished solid
dosage form and are considered an integral
component of the pharmaceutical development of the
created medicinal products [15, 16].

MATERIALS AND METHODS

In the evaluation of bioavailability for the
recommended tablets, the "Dissolution" test was
utilized as a primary in vitro assessment method,
offering insights into both technological and
biopharmaceutical aspects of the drug.

The methodology for the Dissolution test necessitated
careful selection of the dissolution medium, solvent
type, and appropriate hydrodynamics (paddle rotation
speed). The choice of dissolution medium was
informed by the characteristics of ferrous fumarate,
which exhibits limited water solubility but readily
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dissolves in dilute acidic solutions [17].
Pharmacokinetic studies in preclinical settings
revealed that orally administered ferrous fumarate
undergoes rapid and complete absorption in the
gastrointestinal tract, classifying it as a Class II
substance in the biopharmaceutical classification
system (BCS): poorly soluble in aqueous media but
highly permeable through biological membranes
[18]. For such compounds, the Dissolution test
requires modification of the dissolution medium,
often involving a combination of acid or buffer
solution with low-concentration surfactants to create
optimal conditions [19, 20]. A crucial consideration is
ensuring maximum dissolution, where the medium
volume should be at least three times that required for
a saturated drug solution, with the optimal volume
determined based on the substance's
biopharmaceutical solubility in the given medium
[21,22].

To investigate the antianemic effect of the
recommended tablets, Ferretab comp., manufactured
by GL PHARMA, GmbH (Austria), was selected as a
reference drug. It is a prolonged-release capsule
containing 3 round, flat mini-tablets of a reddish-
brown color (iron fumarate).

The study was conducted utilizing a model of "iron
deficiency anemia," which was induced through the
method of subacute posthemorrhagic anemia. The
experiments were performed on rabbits weighing 2.5-
3.0 kg. Blood was extracted from the marginal vein
or artery of the ear in a volume of 10 ml/kg of body
weight daily for 8 days. To examine the antianemic
effect of the drug under development, the rabbits were
allocated into 4 groups of 6 animals each:

Group | — intact animals that underwent no
manipulation;

Group 2 — control; animals with a model of iron
deficiency anemia;

Group 3 — animals with a model of iron deficiency
anemia, administered the recommended drug;

Group 4 — animals with a model of iron deficiency
anemia, administered the reference drug.

From the second day of the experiment, rabbits in
groups 3 and 4 were administered a single intragastric
injection of a 5% solution of the compared drugs at a
dose of 50 mg/kg for 14 days. Rabbits in groups 1 and
2 received water. On the 14th day of the experiment,
blood was collected from the ear vein of rabbits in all
groups to determine the level of hemoglobin and the
number of erythrocytes in the blood serum.

To ascertain the adverse effects caused by a single,
often large dose of a chemical and to detect potential
adverse health effects, acute toxicity studies of the
recommended tablets were conducted.

The acute toxicity of the recommended tablets was
also investigated in comparison with the reference
drug "Ferretab comp.", manufactured by GL
PHARMA, GmbH (Austria). The study was
conducted through a single administration of drugs
with determination of LD50 and toxicity class. For
the experiment, 30 white outbred mice, males and
females, weighing 19-21 g, were utilized, maintained
in quarantine for 14 days. Prior to and during the
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experiments, the mice were housed in a vivarium at
an air temperature of +20 - 22°C, humidity - no more
than 50%, air exchange volume (exhaust: inflow) -
8:10, in the light mode - day - night. The mice were
placed in standard plastic cages and maintained on a
standard diet.

The acute toxicity study was conducted in two series.
In the first series of the experiment, rats were
administered a single intragastric dose of a 6.5%
aqueous suspension (1 tablet + 1 ml H20) of the
recommended preparation:

Group 1 (6 mice) - per os at a dose of 650 mg/kg (0.2
ml);

Group 2 (6 mice) - per os at a dose of 975 mg/kg (0.3
ml);

Group 3 (6 mice) - per os at a dose of 1300 mg/kg (0.4
ml);

Group 4 (6 mice) - per os at a dose of 1625 mg/kg (0.5
ml);

Group 5 (6 mice) - per os at a dose of 1950 mg/kg (0.6
ml).

In the second series of experiments, rats were
administered a single intragastric dose of a 6.5%
aqueous suspension (1 capsule + 2.5 ml H20) of the
drug Ferretab comp., manufactured by GLPharma
GmbH, Austria, as follows:

Group 1 (6 mice) - per os at a dose of 650 mg/kg (0.2
ml);

Group 2 (6 mice) - per os at a dose of 975 mg/kg (0.3
ml);

Group 3 (6 mice) - per os at a dose of 1300 mg/kg (0.4
ml);

Group 4 (6 mice) - per os at a dose of 1625 mg/kg (0.5
ml);

Group 5 (6 mice) - per os at a dose of 1950 mg/kg (0.6
ml).

Following the experiment's initiation, mice across all
groups were monitored hourly on the first day under
laboratory settings. Researchers evaluated various
indicators of the animals' functional state, including
survival rates, overall condition, potential seizures,
and mortality. From the second day onward, daily
observations continued for two weeks in vivarium
conditions. These assessments encompassed general
health and activity levels, behavioral traits,
responsiveness to tactile, pain, auditory, and visual
stimuli, respiratory rate and depth, heart rate, hair and
skin condition, tail positioning, fecal characteristics
and quantity, urination frequency, body weight
fluctuations, and other relevant parameters. All test
subjects were kept in uniform conditions and
provided a standard diet with unrestricted access to
food and water.

At the conclusion of the study, researchers
determined the LD50 and toxicity classification of the
drug under investigation.

RESULTS AND DISCUSSION

Given the need for substantial solvent volumes,
water, artificial gastric juice (pepsin-free), and
phosphate buffer were employed as dissolution
media.

The experimental setup utilized a paddle stirrer
apparatus with the following initial parameters:
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paddle rotation speed — 50 rpm; solvent volume — 900
ml.

Samples were collected at 30, 45, 60, and 75 minutes.
The findings are presented in Table 1.

Table 1.

Results of a study of dissolution Kkinetics for
recommended tablets in various dissolution media

Amount of released
Experiment pharmaceutical substance, %
No. Selection time, min
30 45 60 75

pH=5.8 Purified water

1 2.5 3.8 52 5.5

2 2.6 4.1 5.5 5.8

3 2.9 3.9 5.1 5.5

4 2.5 3.7 52 5.5

5 2.6 3.9 52 5.5
pH=1.8 Artificial gastric juice without

pepsin

1 8.5 18.5 45.0 62.5

2 8.7 18.7 45.5 65.5

3 8.6 18.6 453 62.8

4 8.2 18.2 45.5 62.7

5 8.5 18.5 45.5 65.8
pH=6.8 Phosphate buffer

1 5.5 12.5 24.2 45.0

2 5.8 12.8 24.5 45.5

3 5.5 12.5 24.3 453

4 5.5 12.4 24.5 45.5

5 5.5 12.4 24.5 45.5

As evidenced by the obtained data, under these
conditions the quantity of active substance transferred
to the solvent was negligible and did not meet the test
requirements. Utilizing artificial gastric juice without
pepsin as a dissolution medium at a paddle stirrer
rotation speed of 50 rpm enabled an increase in the
yield of the pharmaceutical substance into the
dissolution medium by several factors; however, this
result remained unsatisfactory. Consequently, at the
second stage of the investigation, it was determined
to increase the rotation speed of the paddle stirrer to
75, 100, 150 and 200 rpm and employ two media:
artificial gastric juice without pepsin and its
modification with the addition of an acetate buffer
solution with a pH of 5.4.

To ascertain the degree of release of ferrous fumarate
from film-coated tablets, the method of absorption
spectrophotometry in the ultraviolet and visible
regions was employed, which is considered the
method of choice for quantitative assessment in the
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"Dissolution" test and is characterized by high
reliability, reproducibility, accuracy, and ease of
execution.

A preliminary study was conducted on the absorption
of solutions of excipients and a standard sample (SS)
of ferrous fumarate in a solution of artificial gastric
juice without pepsin with the addition of acetate
buffer (Fig. 1). Ferrous fumarate exhibits a maximum
absorption at a wavelength of (520 & 2) nm, while the
excipients incorporated in the preparation do not
absorb electromagnetic radiation at the specified
wavelength and do not interfere with the
determination.

440 490 540 590
Wavelength, nm

Absorption spectrum of the dosage form of
iron fumarate

Absorption spectrum of ferrous fumarate
standard samnle
Figure 1. Absorption spectrum of a solution of tablets
and standard sample of iron fumarate
RESULTS

As evident from the diagram (Fig. 2a), when utilizing
artificial gastric juice without pepsin as a dissolution
medium and increasing the rotation speed of the
paddle stirrer to 200 rpm and the observation time to
75 minutes, the concentration of the active substance
release remains inadequate. Upon modification of this
medium through the addition of acetate buffer, it
becomes possible to observe the appropriate release
of the active substance at a speed of 100 rpm after 60
minutes of observation time.

Considering the experimental results and the
recommendations of the State Pharmacopoeia of the
Republic of Uzbekistan, the following optimal
conditions were established for conducting the
"Dissolution" test for the recommended tablets:
Dissolution medium — artificial gastric juice without
pepsin;

Volume of dissolution medium — 900 ml;

Apparatus — device with a paddle stirrer;

Rotation speed — 100 rpm;

Temperature of the dissolution medium — (37.0£0.5)
OC;

Dissolution time — 60 min;

Detection at wavelength — 520 nm;

Sample - 1 tablet;

Standard — not less than 75% after 60 minutes.

Concentration, %
— D W B N
S O O O O O O O

30 min 45 min

of artificial gastric juice without pepsin

100
80
6

NN B
(= =]

Concentration, %

30 min 45 min

Artificial gastric juice without pesin

m75mpm m100rpm ®150 rpm ®m200 rpm

Figure 2. (a) Results of studying the kinetics of tablet dissolution at different speeds of blade rotation in a dissolution medium

Artificial gastric juice without pepsin with acetate buffer

m75mpm m100rpm ®m150 rpm ®m200 rpm

Figure 2. (b) Results of studying the kinetics of tablet dissolution at different speeds of blade rotation in a modified dissolution
medium of artificial gastric juice without pepsin with the addition of acetate buffer

60 min 75 MuH

60 min 75 MuH
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Based on the data from calibration solutions 1-12, a
calibration curve was constructed, with the
concentrations of iron (II) (in pg/10 ml) indicated on
the abscissa axis and the optical densities on the
ordinate axis (Fig. 3.)

0.6
205
Z
= 04
g 03
= 02
= 0.1
g 0
S O O O O O o o o o o o
— e SN %S = o
Concentration, mcg/10 ml

Figure 3. Calibration curve based on calibration
solutions

The linear dependence of the optical density of
solutions on the iron concentration was confirmed
within the range from 2.15 x 10 -2 to 5.45 x 10 -2
mg/ml.

Utilizing the developed methodology, an analysis of
3 recommended tablets was conducted. All studied
series in the selected conditions met the requirements
of the State Pharmacopoeia of the Republic of
Uzbekistan: on average, a minimum of 75% of the
active substance contained in the dosage form was
released into the dissolution medium (Table 2).

Table 2.

Results of the analysis of drug batches

Series of Quantitative Tiilgnagcl;)el:;tegf
tablets of the content of into the
recommended ironina . .
drug tablet, mg dlssglutlon
’ medium, %
010922 64.41 88.7
020922 64.74 99.1
030922 64.53 94.1

In the investigation of the antianemic effect of the
preparation, experimental data demonstrated that
subacute posthemorrhagic anemia in rabbits of the
control group resulted in a decrease in hemoglobin
and erythrocyte count in the blood. The hemoglobin
concentration was reduced by 38.7% to 6.5 £ 0.2
(g/%), and the erythrocyte count was reduced by
45.7% to 2.5 + 0.2 (1012/1), compared to normal
values (intact group): hemoglobin concentration of
10.6 + 0.3 (g/%) and erythrocyte count of 4.6 + 0.19
(1012/1), respectively (Table 3).

In rabbits administered the recommended drug at a
dose of 50 mg/kg, an increase in hemoglobin
concentration in the blood serum by 29% and
erythrocyte count by 48% was observed compared to
untreated control. The hemoglobin level was 8.4 +£0.2
g/%, and the erythrocyte count in the blood serum
was 3.7 £ 0.2 (1012 /1).

Table 3.
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Results of the study of the antianemic effect of
comparative and reference drugs

Number
Weig Hemoglo of
Groups bin level,
ht, kg /% erythrocy
tes, 10'%/1
1% group
Intact
Control
measureme i2(5-7189 10.6 £0.3 4.6 £0.19
nt
Distilled
water
2" oroup
Distilled 27 | 65+02 %‘5:5 %’52
water + +0.17 P<0.05 ’
anemia
3" group
Anemia + ié'? o | 8402 | 37402
recommen ) P<0.05 P<0.05
ded drug
4% group | o
Anemia + +0.18 8.5+0.3 38+0.3
Ferretab )
comp.

Comparable data were obtained when investigating
the antianemic effect of the pharmaceutical Ferretab
comp, manufactured by GLPharma GmbH, Austria.
The results of the investigations demonstrate that the
administration of the compared pharmaceuticals for
14 days in the context of subacute posthemorrhagic
anemia stimulates erythropoiesis, increasing the
erythrocyte count and hemoglobin level, thus
exhibiting an antianemic effect.

The acquired data indicate that the recommended
pharmaceutical, in comparison with Ferretab comp.,
manufactured by GLPharma GmbH, Austria, was
biologically equivalent in terms of specific activity.
Upon examination of the acute toxicity of the
recommended pharmaceutical, the following data
were obtained:

Group 1 (dose 650 mg/kg): after the administration of
the pharmaceutical, the mice remained active
throughout the day, with no observable changes in
behavior or functional state. The condition of the fur
and skin remained normal, without alterations; the
mice did not refuse food or water, and no mortality
was observed. On the second day and throughout the
subsequent observation period, no pathological
changes in behavior or physiological parameters of
the mice were noted. Water and food consumption
remained normal, and no delay in growth or
development was observed. No mortality occurred
within the 14-day period.

Group 2 (dose 975 mg/kg): following the
administration of the pharmaceutical, the mice
exhibited lethargy and inactivity. One mouse assumed
a lateral position and subsequently expired during the
day. On the second day, the surviving mice regained
activity, and their water and food consumption
normalized. On the third day and for the remainder of
the observation period, no deviations were observed
in the mice's behavior or physiological parameters.
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No further mortality was observed among the
remaining mice (Table 4).

Group 3 (dose 1300 mg/kg): Following
administration of the drug, the mice exhibited
lethargy and reduced mobility. Three mice assumed a
lateral position and subsequently expired during the
day. On the second day, the surviving mice remained
lethargic, with diminished food and water
consumption. From the third day onwards, no
deviations in the mice's behavior or physiological
parameters were observed. No further mortalities
were recorded among the remaining mice.

Group 4 (dose 1625 mg/kg): Administration of the
drug induced a lateral position in all mice in this
group, with four mice expiring during the day. On the
second and third days, the remaining mouse exhibited
persistent lethargy. From the fourth day onwards, no
deviations in behavior or physiological indicators
were observed, and no further mortality occurred in
the surviving mouse.

Group 5 (dose 1950 mg/kg): In this group, all mice
succumbed to signs of intoxication. The LD50 of the
investigated drug was determined to be 1350 (1097
+1660) mg/kg.

Comparable results were obtained in the acute
toxicity study of the drug Ferretab comp,
manufactured by GL Pharma GmbH, Austria. The
LD50 of Ferretab was calculated as 1250 (1055 +
1481) mg/kg.

According to the classification of substance toxicity,
both compared drugs were categorized as low toxic.
Table 4.

Results of acute toxicity study

Volume Result
Ferretab
Gro comp,
up mg/ | m | Recommen | GLPhar
kg 1 ded tablets ma
GmbH,
Austria
0,
1 650 . 0/6 0/6
0.
2 975 1/6 1/6
2
0.
3 1300 3 3/6 3/6
0.
4 1625 4/6 5/6
4
0.
5 1950 s 6/6 6/6
1250
1350 (1097
(1055 +
LD50 +1660)
1481)
mg/kg
mg/kg
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With respect to acute toxicity, the recommended drug
was determined to be biologically equivalent to
Ferretab comp., manufactured by GLPharma GmbH,
Austria.

CONCLUSION

For  biopharmaceutical  evaluation of the
recommended drug by the in vitro method, an
analytical method has been developed that enables
highly reliable and accurate monitoring of the active
substance content in the dissolution medium. Based
on the experimental data obtained, a method has been
developed for conducting the "Dissolution" test for a
pharmaceutical composition in the form of tablets
based on iron fumarate.

An experimental study of the specific activity and
acute toxicity of the recommended drug in
comparison with the drug Ferretab comp,
manufactured by GLPharma GmbH, Austria,
demonstrated that the drugs were biologically
equivalent.
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