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The antianemic effect of an iron-containing composition that included iron-potassium-sodium hexacyanofer-

rate, iron sulfate, potassium sulfate, and pharmacopoeial micro-cellulose was studied in male Wistar rats. Iron

deficiency anemia was induced by subcutaneous injection of deferoxamine (Desferal). The blood iron content,

myelogram, erythrocyte count, and hematocrit were used as markers of anemia. The composition was admin-

istered perorally to rats with simulated anemia at a daily dose of 10 mg/kg for 3 and 12 days. The composition

had three modifications differing in the percent content of iron and potassium salts. All modifications normal-

ized hemoglobin, erythrocytes, iron in plasma, and hematocrit already on day 3 of the daily peroral adminis-

tration. These parameters continued to increase by day 12 of the experiment. Modifications II and III showed

more significant changes in the myelogram indicators as identifiable mitoses and a greater number of

erythroid cells.
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Anemia is a pathological condition characterized by a re-

duced blood level of erythrocytes and/or hemoglobin that

leads to poor oxygen transfer into tissues and the develop-

ment of hypoxia, i.e., oxygen starvation of tissues [1].

According to the WHO, anemia in 1993 – 2005 afflicted

24.8% of the world population [2] and the incidence in both

developing [3, 4] and developed countries [4] did not tend to

decrease. Anemia in Russia was recorded for 6 – 40% of

children according to different reports [5, 6].

The causes of anemia include iron deficiency due to

blood loss, insufficient consumption of dietary iron, in-

creased demand (in children and adolescents, during preg-

nancy and breast feeding), and problems with iron absorption

in the intestines [1, 6, 7]. Iron deficiency anemia (IDA) com-

prises 90% of all anemias in children and up to 80% of all

anemias in adults [1, 8]. Disturbed metabolism of com-

pounds with IDA diminishes physical stamina, education ef-

fectiveness, and attention span [6, 9]. An iron deficit in IDA

cases was demonstrated to lead to reduced immunological

reactivity and increased susceptibility to infectious diseases

at any age [9, 10]. Developmental abnormalities in children

with IDA included delayed maturation of bone tissue and

hard dental tissues [4]. Young children, women of reproduc-

tive age, pregnant women, and patients with chronic diseases

are at risk of developing anemia [1 – 4, 6]. Regardless of the

cause of IDA, the main treatment method is elimination of

the iron deficit by prescribing peroral or parenteral (mainly

intravenous and more rarely intramuscular) iron drugs

[11, 12].

An iron-containing composition including iron-potas-

sium-sodium hexacyanoferrate, iron sulfate, potassium sul-

fate, and pharmacopoeial micro-cellulose (hereinafter, the

Composition) was formulated as a pharmacological compo-

sition for treating IDA and was designed for high medicinal

effectiveness, good tolerability, and low toxicity as compared

with existing preparations [13].

The previously developed form Bifege
®

, which was suc-

cessfully used for a long time for veterinary purposes as a
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sorbent for heavy metals and cesium, can be considered the

prototype of the Composition with analogous functionality

[14 – 16]. All components included in it were allowed for

use as drugs.

The goal of the present work was to study the possibility

of improving the parameters of peripheral blood and

hematopoietic marrow cell lines with experimental IDA by

administering the Composition in three modifications differ-

ing in the percent contents of iron and potassium salts.

EXPERIMENTALCHEMICAL PART

The Composition containing KFe[Fe(CN)
6
] + FeSO

4

chemically bonded to micro-cellulose was prepared by the

original technology [13]. The Composition consisted of

mixed iron-potassium-sodium hexacyanoferrate (A), FeSO
4

(B), K
2
SO

4
(C), and pharmacopoeial micro-cellulose (D).

Three modifications of the following formulations (A, B, C,

D, wt%) were tested: Composition I, 64, 2, 4, 30; Composi-

tion II, 60, 3, 7, 30; Composition III, 61, 4, 5, 30. The formu-

lations were prepared at SPE Eksorb Ltd. using chemically

pure reagents.

EXPERIMENTALBIOLOGICAL PART

The studies used 50 male Wistar rats (220 – 270 g) ac-

cording to recommendations of international ethics commit-

tees (Committee Directive EC2010/63/EU). The studies

were approved by the ethics committee of IIP, UrB, RAS

(protocol No. 8 of Oct. 5, 2018).

The experimental technique was elaborated using 5 of 50

rats. The remaining animals were divided into groups of five

each: 1, intact; 2 and 3, control with induced IDA for 3 and

12 d, respectively; 4, 6, and 8, treatment of anemia for 3 d by
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Fig. 1. Iron (Fe) content in blood of rats after treating IDA with var-

ious modifications of the Composition (I, II, III).

TABLE 1. Red-Blood and Iron Parameters in Blood Plasma of Rats with Iron Deficiency Anemia and Effects of Three Composition Modifica-

tions

Indicator

Animal group

Intact

IDA – control IDA + Composition I IDA + Composition II IDA + Composition III

After 4 in-

jections
3 d 12 d

before

treatment
3 d 12 d

before

treatment
3 d 12 d

before

treatment
3 d 12 d

Erythrocytes,

10
6
/�L

8.0 ±

0.3

5.5 ±

0.5*

5.9 ±

0.1*

5.9 ±

0.3*

5.9 ±

0.2*

7.8 ±

0.2

8.0 ±

0.5

5.0 ±

0.3*

8.0 ±

0.1

8.8 ±

0.2*

5.3 ±

0.3*

8.0 ±

0.1

8.6 ±

0.2

Hemoglobin,

g/dL

14.1 ±

0.5

10.5 ±

1.0*

10.2 ±

0.6*

10.7 ±

0.4*

10.8 ±

0.7*

14.0 ±

0.3

13.5 ±

0.5

10.0 ±

0.4*

14.0 ±

0.1

14.8 ±

0.1

10.1 ±

0.5*

13.7 ±

0.1

14.5 ±

0.1

Hematocrit,

%

43.3 ±

1.1

32.0 ±

3.7*

30.5 ±

3.0*

32.3 ±

1.7*

30.9 ±

1.5*

43.6 ±

0.6

43.0 ±

2.1

28.2 ±

1.7*

42.7 ±

0.5

45.6 ±

0.6

29.1 ±

1.7*

42.9 ±

0.3

46.0 ±

0.5

MCV, fL 54.5 ±

0.9

55.0 ±

2.1

57.3 ±

0.8

54.5 ±

0.8

56.4 ±

1.3

56.2 ±

0.9

54.4 ±

1.0

52.4 ±

0.7

54.4 ±

0.1

52.1 ±

0.6

52.3 ±

0.5

53.9 ±

0.3

52.3 ±

0.4

MCH, pg 17.7 ±

0.3

19.1 ±

0.8

17.3 ±

0.8

18.4 ±

0.2

18.2 ±

0.6

18.0 ±

0.2

17.1 ±

0.5

18.3 ±

0.7

17.6 ±

0.2

16.8 ±

0.4

18.5 ±

0.7

17.3 ±

0.2

16.8 ±

0.3

MCHC,

g/dL

32.4 ±

0.2

34.8 ±

1.7

30.3 ±

1.1

33.8 ±

0.8

32.3 ±

1.1

32.1 ±

0.5

31.4 ±

0.3

34.8 ±

1.6

32.3 ±

0.3

32.3 ±

0.5

35.0 ±

1.3

32.0 ±

0.2

32.2 ±

0.6

RDW, % 15.7 ±

0.2

15.7 ±

0.2

16.1 ±

0.2

16.4 ±

0.2*

15.7 ±

0.3

15.9 ±

0.2

16.0 ±

0.3

16.1 ±

0.3

16.0 ±

0.1

16.1 ±

0.2

15.8 ±

0.2

16.2 ±

0.3

16.1 ±

0.2

Iron, �M 22.4 ±

1.9

5.1 ±

0.2*

4.7 ±

0.4*

7.5 ±

0.3*

4.7 ±

0.2*

24.9 ±

1.9

19.7 ±

0.5

4.6 ±

0.3*

22.0 ±

0.8

25.4 ±

0.4

4.5 ±

0.4*

21.2 ±

1.4

18.8 ±

0.2

Note:
*

Difference from parameters of intact animals statistically significant for p < 0.05.



modifications I, II, and III, respectively; 5, 7, and 9, treat-

ment of anemia for 12 d by modifications I, II, and III, re-

spectively.

The method developed by Simanina, et al. in 2015 [17]

in a local modification was used to model IDA. It consisted

of dividing the total dose of deferoxamine not into two parts

of 500 mg/kg each but into four parts of 250 mg/kg each to

increase the duration of action of the deferoxamine. The

modification of the Composition was administered daily per

os calculated for 10 mg/kg of rat mass. The dose of the Com-

position was selected based on a test using an earlier analog,

i.e., the veterinary drug Bifege, which is also manufactured

by SPE Eksorb Ltd. According to the literature [14 – 16], the

effective dose for small animals and birds is 10 – 15 mg/kg

of body mass.

Reference groups in which the animals receive another

drug known to treat anemia will be necessary in further stud-

ies on the advantages, specifics of the usage, and refinement

of the dose of the new drug. However, results of preliminary

studies of the drugs before their introduction into the clinic

without a reference group with a known drug of analogous

action [18 – 20] were published because this lengthened the

experimental time and significantly increased the volume of

analyzed results.

A weighed portion of the Composition was thoroughly

mixed with distilled water to avoid settling. A volume of the

suspension in proportion to the rat weight was administered.

The suspension was injected using an insulin syringe with a

special fitting that avoided losing liquid during the injection.

Blood samples were taken from animals of all groups under

ether anesthesia from a tail vein for a complete blood count

(CBC) on a Biocide Hycel Celly 70 automated hematologi-

cal analyzer designed to analyze animal blood in experi-

ments and veterinary medicine. The following CBC parame-

ters were evaluated: RBC, red blood cell count (10
6
/�L); Hb,

hemoglobin content (g/dL); Hct, hematocrit (%); MCV,

mean corpuscular (erythrocyte) volume (fL); MCH, mean

corpuscular (erythrocyte) hemoglobin (pg); MCHC, mean

corpuscular (erythrocyte) hemoglobin concentration (g/dL);

and RDW, red-cell distribution width (%).

Animals were withdrawn from the experiment by an

overdose of ether anesthesia.

Blood was centrifuged to determine the plasma iron con-

tent. Vital Diagnostics standard reagent kits (St. Petersburg,

Russia) were used to determine iron. Optical density was

measured on a Beckman DU-800 spectrophotometer (USA).

Marrow was extracted from the femur to count myelograms.

Marrow smears were fixed according to May–Gruenwald

and stained according to Romanovskii–Giemsa. The

myelogram was calculated after counting the total number of

myelokaryocytes in marrow smears. Microscope studies

used a Leica DM2500 microscope.

Nine series of experiments were conducted. Tables 1 and

2 summarize the results. The results were statistically ana-
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TABLE 2. Myelograms of Rats with Iron Deficiency Anemia and Effects of Three Composition Modifications, 10
6

Cells/100 g of Rat Body

Mass

Indicator

Animal group

Intact

IDA – control IDA + Composition I IDA + Composition II IDA + Composition III

3 d 12 d 3 d 12 d 3 d 12 d 3 d 12 d

Erythroblasts 0.77 ±

0.07

0.60 ±

0.06

0.58 ±

0.02

1.41 ±

0.06
*#

1.35 ±

0.04
*#

1.68 ±

0.06
*#1

1.61 ±

0.06
*#1

1.62 ±

0.06
*#1

1.65 ±

0.04
*#1

Pronormo-

cytes

0.61 ±

0.07

0.29 ±

0.06
*

0.53 ±

0.03

1.28 ±

0.09
*#

1.22 ±

0.04
*#

1.42 ±

0.04
*#

1.43 ±

0.04
*#1

1.33 ±

0.07
*#

1.33 ±

0.04
*#

Basophilic

normocytes

2.12 ±

0.07

1.46 ±

0.06
*

1.82 ±

0.04
*

3.75 ±

0.10
*#

4.30 ±

0.06
*#

2.67 ±

0.13
*#1

3.70 ±

0.10
*#1

3.98 ±

0.09
*#2

3.89 ±

0.14
*#

Polychromato

philic

normocytes

3.75 ±

0.17

2.71 ±

0.09
*

3.29 ±

0.06
*

5.00 ±

0.11
*#

5.00 ±

0.09
*#

6.53 ±

0.12
*#1

5.46 ±

0.13
*#1

6.17 ±

0.11
*#1

5.09 ±

0.06
*#2

Oxyphilic

normocytes

1.02 ±

0.11

0.60 ±

0.08
*

0.92 ±

0.03

1.09 ±

0.06
#

1.67 ±

0.04
*#

1.58 ±

0.08
*#1

2.00 ±

0.14
*#

1.19 ±

0.08
#2

2.78 ±

0.06
*#1.2

Erythroid cell

mitoses

0.08 ±

0.03

0 0 0 0 0.10 ±

0.07

0.06 ±

0.04

0.033 ±

0.033

0.06 ±

0.04

Whole

erythroid

series

8.35 ±

0.26

5.67 ±

0.11
*

7.14 ±

0.05
*

12.54 ±

0.16
*#

13.54 ±

0.11
*#

13.99 ±

0.25
*#1

14.27 ±

0.10
*#1

14.33 ±

0.12
*# 1

14.81 ±

0.11
*#1.2

*
difference from intact animal parameter statistically significant for p < 0.05;

�
difference from parameter measured on day 3 after IDA modeling statistically significant for p < 0.05;

1,2
difference from parameters of rats treated with Compositions I and II statistically significant for p < 0.05.



lyzed using the Statistica 6.0 program (StatSoft Inc.) and

were given as mean � error. Nonparametric statistics were

used because of the small set size. The statistical significance

of differences obtained in compared independent sets was

evaluated using the Mann–Whitney U-criterion; for depend-

ent sets, the Wilcoxon W-criterion. The Kruskal–Wallis

H-criterion (nonparametric analog of dispersion analysis)

was used to estimate the effect of Composition modification

and treatment time factors. Statistical hypotheses were

checked at significance level 5% (p < 0.05).

RESULTS AND DISCUSSION

Table 1 presents the red-blood parameters of the control an-

imals (IDA, control, immediately after four injections of

Desferal, 3 and 12 d after the start of IDA modeling) and ani-

mals with IDA that received modifications of the Composition.

The contents of erythrocytes and hemoglobin, hemato-

crit, and iron were significantly reduced for rats of control

groups 2 and 3 (3 and 12 d) as compared to the correspond-

ing parameters of intact rats (Mann–Whitney test, p < 0.05).

These parameters were not normalized by the 12
th

day. Pa-

rameters of erythrocytes such as MCV, MCH, MCHC, and

RDW did not deviate from the norms. Statistically signifi-

cant differences between intact animals and animals of

groups 2 and 3 were not observed (Mann–Whitney test,

p > 0.05). However, the RDW index, which characterized the

heterogeneity of the erythrocytes, was observed to increase

on day 12 (Mann–Whitney test, U = 2.2, p = 0.02).

All red-blood parameters and the iron level for group 4

(IDA, administration of Composition I for 3 d) were at the

level of the corresponding parameters of control groups

(group 2, Mann–Whitney test, p > 0.05) before the start of

treatment except for MCHC (Mann–Whitney criterion,

U = 2.5, p = 0.01). A comparison of the parameters before

and after treatment found significant increases of all parame-

ters as compared to the initial level (Wilcoxon criterion,

p < 0.05) except for RDW (Wilcoxon criterion, W = 0.67,

p = 0.5). However, all red-blood parameters and the iron

level in group 4 after treatment for 3 d corresponded to the

normal values (intact animals, group 1, Mann–Whitney test,

p > 0.05).

All red-blood parameters and the iron content in group 5

(IDA, administration of Composition I for 12 d) were at the

level of the corresponding parameters of control groups

(group 3, Mann–Whitney test, p > 0.05). A comparison of

the parameters before and after treatment found statistically

significant increases of contents of erythrocytes and hemo-

globin, hematocrit, and iron as compared to the initial level

(Wilcoxon test, p < 0.05) while MCV, MCH, MCHC, and

RDW did not change (Wilcoxon criterion, p > 0.05). How-

ever, all red-blood parameters and the iron level in group 5

after treatment for 12 d corresponded to the normal values

(intact animals, group 1, Mann–Whitney test, p > 0.05).

The duration of administration of Composition I did not

affect the red-blood parameters and the iron level

(Kruskal–Wallis test, p > 0.05).

All red-blood parameters and the iron level in group 6

(IDA, administration of Composition II for 3 d) before the

start of treatment were at the level of the corresponding pa-

rameters of control groups (group 2, Mann–Whitney test,

p > 0.05) except for MCV and MCHC, which differed signif-

icantly from the analogous value for the control group

(Mann–Whitney criterion, p < 0.05). A comparison of the pa-

rameters before and after treatment found significant in-

creases of all parameters as compared to the initial level

(Wilcoxon criterion, p < 0.05) except for MCH (Wilcoxon

criterion, W = 1.48, p = 0.14) and RDW (Wilcoxon criterion,

W = 0.13, p = 0.89). However, all red-blood parameters and

the iron level in group 6 after treatment for 3 d corresponded

to the normal values (intact group 1, Mann–Whitney test,

p > 0.05).

All red-blood parameters and the iron level in group 7

(IDA, administration of Composition II for 12 d) before

treatment were at the level of the corresponding parameters

of the control group (group 3, Mann–Whitney test, p > 0.05).

A comparison of the values before and after treatment found

significant increases of all parameters as compared to the ini-

tial level (Wilcoxon criterion, p < 0.05) except for MCV,

MCHC, and RDW (Wilcoxon criterion, p > 0.05). However,

all red-blood parameters and the iron level in group 7 after

treatment for 12 d corresponded to the normal values (intact

animals, group 1, Mann–Whitney test, p > 0.05).

The duration of administration of Composition II af-

fected the contents of erythrocytes and hemoglobin, hemato-

crit, and iron (increased) and MCV (reduced) and led to their

changes with increased treatment time (Kruskal–Wallis test,

p < 0.05). The other red-blood parameters did not depend on

the treatment time for this modification of the Composition.

All red-blood parameters and the iron level in group 8

(IDA, administration of Composition III for 3 d) before the

start of treatment were at the level of the corresponding pa-

rameters of the control group (group 2, Mann–Whitney test,

p > 0.05) except for MCV and MCHC, which differed signif-

icantly from the analogous values of the control group

(Mann–Whitney criterion, p < 0.05). A comparison of the pa-

rameters before and after treatment found significant in-

creases of all parameters as compared to the initial level

(Wilcoxon criterion, p < 0.05) except for MCV (Wilcoxon

criterion, W = 1.75, p = 0.08) and RDW (Wilcoxon criterion,

W = 0.94, p = 0.35). Also, all red-blood parameters and the

iron level in group 8 after treatment for 3 d corresponded to

the normal values (intact animals, group 1, Mann–Whitney

test, p > 0.05).

All red-blood parameters and the iron level in group 9

(IDA, administration of Composition III for 12 d) before

treatment were at the level of the corresponding parameters

of the control groups (groups 3, Mann–Whitney test,

p > 0.05). A comparison of the values before and after treat-

ment found significant increases of all parameters as com-
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pared to the initial level (Wilcoxon criterion, p < 0.05) ex-

cept for MCV, MCHC, and RDW (Wilcoxon criterion,

p < 0.05). However, all red-blood parameters and the iron

level in group 9 after treatment for 12 d corresponded to the

normal values (intact animals, group 1, Mann–Whitney test,

p > 0.05).

The contents of erythrocytes and hemoglobin, hema-

tocrit, and MCV depended on the duration of administration

of Composition III, which led to their increase

(Kruskal–Wallis test, p < 0.05). The other red-blood parame-

ters did not depend on the administration time of this modifi-

cation of the Composition.

The Composition modification for 3-day treatment af-

fected only the MCH (Kruskal–Wallis criterion, H = 8.07,

p = 0.02).

The type of modification of the Composition for 12-day

treatment affected the contents of hemoglobin

(Kruskal–Wallis criterion, H = 7.22, p = 0.03) and iron

(Kruskal–Wallis criterion, H = 10.52, p = 0.0005). Modifica-

tion I affected the hemoglobin content; modification III, the

iron content.

A complex analysis of the effect of the type of modifica-

tion of the Composition over all obtained data, regardless of

the treatment time, found a significant effect of the type of

modification on the MCV (Kruskal–Wallis criterion,

H = 6.37, p = 0.04) and the iron content (Kruskal–Wallis cri-

terion, H = 6.66, p = 0.04) (Fig. 1).

Table 2 presents the myelograms of the experimental an-

imals. The numbers of most erythrocyte precursors (pronor-

mocytes, basophilic normocytes, polychromatophilic, oxy-

philic) and the total number of erythroid cells decreased sig-

nificant already on the 3
rd

day as compared to the

corresponding parameters of intact rats. The numbers of ba-

sophilic and polychromatophilic cells in the control group

with IDA remained below the norms on the 12
th

day. The

numbers of erythroblasts and erythrocyte precursors de-

creased. The sum of all erythroid-type cells on the 12 day

was significantly less than in intact rats, despite a certain nat-

ural reduction. Dividing cells were not observed in marrow

of control animals. The number of mitoses was zero. The

number of individual erythrocyte cell-precursors already on

the 3
rd

day increased not only to the normal level but also

rose above the norms as a result of peroral administration of

the three modifications of the Composition to rats with IDA.

The numbers of all erythroid-type cells and individual

fractions were still elevated on the 12
th

day in rats that re-

ceived the three modifications of the Composition. The total

number of erythroid cells was slightly greater in animals that

received Compositions II and III on the 3
rd

and 12
th

days of

IDA than in animals that received Composition I. Also, the

number of mitoses sufficient to be detected increased in both

studied periods for Compositions II and III, in contrast to I.

Thus, all three modifications of the Composition were

effective in normalizing the iron level in blood plasma,

hematocrit, and contents of hemoglobin and erythrocytes and

increased erythroid cells in marrow already on the 3
rd

day of

peroral administration at a daily dose of 10 mg/kg. Normal-

ization of anemia was also found on day 12 of treatment with

all three modifications of the Composition. However, signs

of induced IDA after the fourth s.c. injection of Desferal by

the modified method with a total dose of 1000 mg/kg in un-

treated animals persisted up to 12 d. Compositions II and III

more than I changed the myelogram parameters. This was

confirmed by the appearance of a rather large number of

mitoses and large quantities of erythroid-type cells.

All modifications of the Composition in experiments

with animals proved their efficacy for treating IDA and could

be interesting for further development of a medicine.
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