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Medical sponges are popular medical tools, which widely used in var-
ious fields of medicine to stop bleeding and for close wound surfaces. 
Therefore, the aim of our work was to study the selection of excipients 
in order to develop the composition and technology of medical spong-
es based on a material of biological origin - cryolyophilized xenoderm, 
which has wide practical application in combustiology.

The influence of three groups of factors on the technological param-
eters of 16 experimental series of the sponges was studied. The indica-
tors: pH, appearance, water absorption, time of complete dissolution, 
In vitro degradation, thickness of sponges, and weight loss during dry-
ing.

The influence of factors and their levels on the quality indicators of 
the developed medical sponges is investigated. It is established that the 
influence of the type of polymer is decisive for all characteristics except 
for weight loss during drying, which is more influenced by the type of 
plasticizer. Using the generalized indicator - the desirability function, 
the optimal levels of factors within each factor are selected.

According to the results of the tests, it was found that the best values 
of technological indicators were medical sponges based on water ex-
tract obtained at 40° C, which included medical gelatin and propylene 
glycol. 
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1.	 Introduction

Medical sponges are popular medical tools, which 
widely used in various fields of medicine to stop bleed-
ing and for close wound surface 1, 2. At the technology 
of medical sponges, can be used different polymeric 
carriers, as well as, can be enter the active pharma-
ceutical ingredients with different pharmacological 
action, which will determine the scope of possible 
application of this tool 3, 4. Due to the pronounced he-
mostatic, antiseptic and absorption properties of the 
medical sponges, they have a great practical impor-
tance in surgery and combustiology in particular 5, 6.

Nowadays, the problem of treatment of burns is rel-
evant, as burn injuries are one of the most common 
domestic and industrial injuries in the world. Despite 
the introduction of new methods of treatment in med-
ical practice, the use of new drugs, the improvement 
of existing drugs, the development of new tools for the 
local treatment of burn injuries is still promising 7.

For the treatment of burns in Ukraine, the technolo-
gy of lyophilized xenodermoimplants has been devel-
oped and introduced into production, which approved 
for use in medical institutions. Therefore, the use of 
the powder of crushed xenoderm in the development 
of the various types of dosage forms is relevant and 
promising for today 8.

In the development of the composition of medical 
sponges used water extract from the cryolyophilized 
porcine powder (xenoderm) and chlorhexidine di-
gluconate, which is an internationally recognized an-
tiseptic that is widely used in surgery, dermatology, 
urology, ophthalmology, otolaryngology and dentistry 
9. Technological studies of the water extraction from 
the xenoderm`s powder have been previously devel-
oped and studied, as evidenced by Patent of Ukraine 
№ 138600.

Therefore, the aim of the research was to study the 
effect of excipients, the conditions of preparation of 
water extract from the xenoderm powder on the tech-
nological parameters of medical sponges using the de-
sign of experiment.

During the analysis of literature data, it was found 
that the development of medical sponges is a promis-
ing area of modern pharmaceutical technology. For the 
design of the experiment Latin square 4x4 methodolo-

gy was used, in order to theoretically and scientifically 
substantiate the choice of the most optimal excipients.

2.Materials and methods

Active pharmaceutical ingredients: crushed sub-
strate of cryolyophilized xenoderm of the porcine skin 
(LCC Institute of Biomedical Technologies, Ukraine) 
and chlorhexidine digluconate solution 20 %, (Sig-
ma-Aldrich, USA). Among the excipients were studied: 
medical gelatin (Sigma-Aldrich, USA), hydroxypropyl 
cellulose (HPC) (Nisso Chemical Europe GmbH), hy-
droxypropyl methylcellulose-50 (HPMC-50) (Biogr-
und GmbH), methylcellulose-15 (МC-15) (Biogrund 
GmbH), tween-80 (PJSC “Barva”) polyethylene gly-
col-400 (PЕG-400) (PJSC “Barva”), propylene glycol 
(BASF “Global”) and glycerin (BASF VG). 

2.1Methodology

To study three factors with the same number of lev-
els, taking into account the design of the study, it is 
most rational to use Latin square 4x4. When perform-
ing three-factor comparative experiments, symmetri-
cal orthogonal plans based on Latin squares are most 
often used. 10, 11, 12   The use of the Latin square 4x4 
reduces the number of experiments by 4 times com-
pared to the full factorial experiment, so it is possible 
to perform 16 series instead of 64. However, despite 
the reduced number of experiments, the properties 
and results of the fractional plan remain statistically 
correct 13, 14.

In our case, a linear model is adopted, Equation 1: 
Yijkm=μ+αi+βj+γk+res+Εijkm (1)

Yijkm  – denoting any observation for which, 
X1 = i, X2 = j, X3 = k. X1 and X2 are blocking factors, X3 is 
the primary factor.
μ      – denoting the general location parameter
αi        – denoting the effect for block i
βj        – denoting the effect for block j
γk       – denoting the effect for treatment k

res    – dispersion sources, that are  
not provided by the linear model.

Εijkm   – remainder (i, j, k =1,2,…,n), Εijkm [N(0, σ2].

According to the general algorithm, the analysis of 
experimental data was performed and the obtained 
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results were discussed.
Also, when planning the study, it was decided to 

choose the most optimal pharmaco-technological 
indicators of the quality of medical sponges and de-
termine their value in accordance with the recom-
mendations of the world literature 15, 16, because the 
developed form is not pharmacopoeial, according to 
SPU.

When planning a comprehensive study, it was 
necessary to determine the sequence of stages of 
the experiment and select the appropriate research 
methods:

- to propose methods for determining pharma-
co-technological indicators for medical sponges in 
accordance with the literature data and the require-
ments for this form;

- select excipients in order to study their effect on 
the technological properties of sponges on the basis 
of literature sources;

- develop the composition of experimental sam-
ples of sponges and then examine them for certain 
quality indicators.

The design scheme of the experiment is shown in 
Figure 1.

All studied excipients and the temperature re-
gimes for preparation of water extract from crushed 
xenoderm powder were grouped into three main 
groups (factors): polymers (factor A), plasticizers 
(factor B), and temperature of preparation of water 
extract from crushed xenoderm (factor C). The cor-
responding list of factors and their levels are pre-
sented in Table 1.

2.2.Procedure

On the pharmaceutical market, medical gelatin, 
collagen, chitosan, and cellulose derivatives are most 
often used to obtain medical sponges 9. In this exper-
iment, we selected medical gelatin and cellulose de-
rivatives (HPC, HPMC, MC) for study, because spong-
es based on them are cost-effective, efficient, and 
technologically simple. To date, there are no spong-
es of domestic production, obtained on the basis of 
selected polymers (factor A). Selected plasticizers 

(factor B) were introduced to provide plasticity and 
reduce the brittleness temperature, which improves 
frost resistance and is necessary at the stage of freez-
ing the viscous mass to obtain sponges in liquid ni-
trogen before lyophilization. An important feature of 
this experiment is the study of the influence of the 
temperature of preparation of water extract from 
crushed xenoderm powder (factor C) on the techno-
logical parameters of the obtained sponges. Previ-
ous studies have determined that the temperature of 
preparation of water extract from crushed xenoderm 
powder significantly affects the pharmaco-tech-
nological properties of the obtained water extract, 
which at different production temperatures charac-
terized by different dynamic viscosity17. Under the 
conditions of obtaining water extract from crushed 
xenoderm powder at 20 °C, it was characterized by a 
dynamic viscosity of 6.99±0.20 mPa*s and a density 
of 1.031±0.030 g/cm3; at 40 °C the dynamic viscosity 
was 4.24±0.11 mPa*s, density 1.045±0.03 g/cm3.

Therefore, the temperature of preparation of wa-
ter extract from crushed xenoderm powder affects 
its density, dynamic viscosity, the consistency of the 
mass for the production of sponges, and in general 
the porosity of the obtained sponges after lyophiliza-
tion. Moreover, on the basis of previously conducted 
pharmacological studies, it was found that the water 
extract prepared at different temperatures affects 
the regeneration process on the model of aseptic 
burns in animals 18, 18. Thus, the temperature of the 
preparation of water extract from crushed xeno-
derm powder is an important condition in the devel-
opment of medical sponges based on it and therefore 
selected as a factor C for research.

2.3.Preparation of medical sponge

Pre-prepared water extract from the xenoderm at 
different temperatures (Levels of factor C) accord-
ing to the patent of Ukraine № 138600. In the xeno-
derm water extract (Levels of factor C), the polymers 
(Levels of factor A) was left at 37 °C for swelling and 
dissolution. Then the remainder of the xenoderm 
water extract was added to the polymers solution by 
parts, with constant stirring until foam formation. To 
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Figure 1. Experimental design scheme

prepared solutions of xenoderm water extract with 
polymers, the plasticizers (Levels of factor B) were 
added. To the resulting mixtures was added a 1 % 
chlorhexidine digluconate solution. The mixtures 
were foamed to form a stable foam that increased 
2-3 times in volume. The resulting solution was 
poured out into the cooled aluminum moulds and 
left at temperature 20-22°C for 2-3 hours. Thereaf-
ter, the solutions were frozen in liquid nitrogen and 
lyophilized during 18-20 h.

Developed experimental series of medical spong-
es in two replicates were evaluated on the following 
indicators:

pH of water solutions of sponges. The pH val-
ues of the test samples were determined using a pH 
meter pH 150-MI. All tests were performed at room 
temperature. The pH meter was calibrated using 
standard buffer solutions (Table 2).

Appearance of sponges. Medical sponges were 
characterized by appearance, organoleptic prop-
erties (color, odor, consistency), as well as signs of 
physical instability (delamination, fragility, density, 
surface homogeneity). Appearance was assessed on 
a five-point scale, proposing appropriate criteria for 
each score (Table 2).

Determination of water absorption. To the 

Table 1. Factors and their levels studied using the Latin square 4x4.

Factors Levels of factor

А – Polymers

а1 – medical gelatin
а2 – hydroxypropyl cellulose (HPC)
а3 – hydroxypropyl methylcellulose-50 (HPMC-50)
а4 – methylcellulose-15 (МC-15)

В – Plasticizers

b1 – tween-80 
b2 – polyethylene glycol-400 (PЕG-400)
b3 – glycerin
b4 – propylene glycol 

С – The temperature of 
preparation of water extract from 
crushed xenoderm powder (оС)

c1 – 20 оС
c2 – 30 оС
c3 – 40 оС
c4 – 50 оС
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Table 2. Experimental planning matrix and results of medical sponges' research
Series 

number
Factor рH Appearance, mark Water absorption, %

А В С y1 у1’ у2 у2’ у3 у3’
а1 b1 c1 6.5 6.8 5 5 962 950
а1 b2 c2 6.8 6.5 5 4 1179 1170
а1 b3 c4 6.3 6.5 5 4 671 665

а1 b4 c3 6.5 6.9 5 5 1344 1350

а2 b1 c2 7.6 7.4 4 3 401 405
а2 b2 c1 7.1 6.9 3 3 222 220
а2 b3 c3 6.4 6.5 5 4 526 521

а2 b4 c4 7.2 7.1 3 3 270 272

а3 b1 c3 7.5 7.2 5 4 785 790
а3 b2 c4 6.9 6.8 5 5 248 245

а3 b3 c1 7.1 7.5 5 5 328 325

а3 b4 c2 7.0 7.1 5 4 183 188
а4 b1 c4 6.5 7.0 4 4 177 175
а4 b2 c3 7.3 7.1 4 4 135 132

а4 b3 c2 6.6 6.7 1 1 83 85

а4 b4 c1 6.9 7.2 3 2 15 18

Table 3 .Experimental planning matrix and results of medical sponges’ research
Series 

number
Time of complete 
dissolution, min

Thickness, сm Weight loss during 
drying, %

Desirability function

у4 у4’ у5 у5’ у6 у6’ D D’
4320 4380 0.5 0.6 0.12 0.18 0.147 0.189
4200 4380 0.6 0.6 0.30 0.40 0.205 0.193
3600 3720 0.6 0.7 2.0 2.50 0.12 0.121
4380 4400 0.7 0.6 0.40 0.44 0.229 0.214

60 90 0.4 0.4 2.53 3.02 0.0001 0.0001
180 190 0.4 0.4 1.25 1.45 0.00002 0.00003
600 720 0.4 0.4 0.42 0.48 0.0008 0.0009
180 210 0.3 0.3 4.80 4.90 0.00004 0.00006
540 600 0.7 0.7 6.53 6.55 0.007 0.007
30 30 0.6 0.6 0 0.05 0 0
30 45 0.6 0.6 1.01 1.07 0 0
55 55 0.7 0.7 0.14 0.16 0.0002 0.0002
3 5 0.6 0.6 2.45 2.55 0 0

10 10 0.6 0.6 2.0 2.10 0 0
10 10 0.3 0.3 1.75 1.95 0 0
10 10 0.5 0.6 8.52 8.67 0 0

Note. y1 , у1’ : pH of the sponges of the first and second series of experiments, respectively. у2 , у2’ : the appearance of 
the sponges of the first and second series of experiments, respectively, ball. у3 , у3` : water absorption of sponges of the 
first and second series of experiments, respectively, %. у4 , у4 ‘ : time of complete dissolution of the sponges of the first 
and second series of experiments, respectively, min. у5 , у5’ : the thickness of the sponges of the first and second series of 
experiments, respectively, cm. y6 , у6’ : weight loss during drying of the first and second series of experiments, respectively, 
%. D ,  D’ : the desirability function of the first and second series, respectively.
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flat-bottomed cup (preheated to 37±1 °C) added a 
simulation solution containing 8.398  g/l sodium 
chloride and 0.278 g/l anhydrous calcium chloride 
(the given proportion of ion content equal to the 
amount in human serum). A piece of dry sponge 1×1 
cm2 (X0), pre-weighed, and immersed in a simulation 
solution for 10 minutes. Then the sponge removing 
and, after removing the surface moisture with filter 
paper, weighed (X1)17. 
Water absorption (%) is calculated according to 
Equation 2:

Water absorption (%) = (Х1-Х0) / Х0 × 100% (2)

Х0 - the mass of the sponge before absorption;
Х1 - the mass of the sponge after absorption.
The results of the study are shown in table 2.
In vitro degradation of sponges. Degradation can 

be determined by immersing a piece of sponge (1×1 
cm2) in phosphate buffer solution (PBS) with pH 7.4 
for 24 h. The tests carried out incubation chamber 
(37 ºC). After 24 hours, the sponge is re-dried and 
the change in sponge mass is calculated. In vitro deg-
radation of sponges calculated by Equation 3:

In vitro degradation (%) = (Хf – Хs) / Хs × 100% (3)

Хf – the final mass of the sponge after drying;
Хs – the initial mass of the sponge before immer-

sion.
After determining the percentage of In vitro degra-

dation of the sponges, the obtained percentages for 1 
day of the experiment were re-calculated into hours 
and determined the time of complete dissolution at 
temperature 37 ºC 18. The results of the study shown 
in table 3.

The thickness of the sponges. It is known that the 
greater the thickness of the sponge, the greater the 
number of pores it holds. Thus, the thickness of the 
sponge is directly proportional to the percentage of 
moisture absorption and dissolution time. The thick-
ness of the sponges was measured using a thickness 
gauge with an accuracy of 10 μm (Table 3). 

Weight loss during drying. This indicator allows 
assessing the condition of the sponges after lyo-
philization, namely the presence or absence of resid-

ual moisture after lyophilization, as well as during 
storage. The results of the study shown in Table 3. 

Desirability function. In the presence of a large 
number of indicators and the absence of clearly de-
fined priority levels of factors influencing the feed-
back, a generalized indicator (desirability function) 
is used12, and all indicators are summarized into a 
single quantitative feature. Desirability for one re-
sponse - d, and for many - D. The desirability scale 
has an interval from 0 to 1, with zero desirability 
values corresponding to the worst value of this indi-
cator, and the value of D=1 - the best value (Table 3).

Results and Discussion

The results of the research were subject to analysis 
of variance according to the scheme of the Latin square 
4x4. Medical sponges were obtained by lyophilization 
according to the experimental plan shown in table 2. 
The obtained sponges were examined according to 
the following indicators: рН (y1, у1’), appearance (у2, 
у2’), water absorption (у3, у3’), time of complete dis-
solution (у4, у4’), thickness of sponges (у5, у5’), weight 
loss during drying (y6, у6’). The results of the study of 
these indicators are shown in tables 2, 3. 

The obtained research results were subjected to 
analysis of variance, the influence of factors was in-
vestigated by F-test. In cases where the experimental 
value of the F-criterion was greater than the tabular 
(F0.05), it was concluded that the statistical signifi-
cance of the studied factor. To reflect the influence 
of factors and their levels on the studied indicators, 
ranked series of advantages were built. Qualitative 
factors were arranged in the sequence of their influ-
ence on the studied indicator.

Analysis of variance of the obtained results showed 
that polymers and plasticizers significantly affected 
the pH (y1, у1’) of medical sponges, namely, the in-
fluence of factors illustrate the following advantages: 
A > B > res (Table 4). The type of polymer (factor A) 
shows the most significant effect on pH, a number of 
advantages have the following form: HPMC-50 > HPC 
> MC-15 > medical gelatin (Fig. 2). 

The effect of factor B (type of plasticizer) on the pH 
of medical sponges can be represented as follows: 
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Table 4. Analysis of the results of the study of indicators of medical sponges’ research
Sourse Degrees of 

freedom Sum of squares Mean squares Ftest F0,05

рН (y1, у1’)

Factor А 3 1.308359 0.43612 12.54457 4.76
Factor В 3 0.600859 0.200286 5.761049 4.76
Factor С 3 0.207109 0.069036 1.985768 4.76
Residual 6 1.186719 0.197786 5.689139 4.76

Total 31 3.859297 - - -
Appearance (у2, у2’)

Factor А 3 19.625 6.541667 34.88889 4.76
Factor В 3 2.125 0.708333 3.777778 4.76
Factor С 3 5.125 1.708333 9.111111 4.76
Residual 6 10 1.666667 8.888889 4.76

Total 31 39.875 - - -
Water absorption (у3, у3’)

Factor А 3 3808964 1269655 92338.53 4.76
Factor В 3 143805.3 47935.08 3486.188 4.76
Factor С 3 615181.8 205060.6 14913.5 4.76
Residual 6 344888.8 57481.46 4180.47 4.76

Total 31 4913060 - - -
Time of complete dissolution (у4, у4’)

Factor А 3 97212957 32404319 14619.38 4.76
Factor В 3 109329.6 36443.2 16.44154 4.76
Factor С 3 795652.1 265217.4 119.6542 4.76
Residual 6 631644.2 105274 47.49495 4.76

Total 31 98785047 - - -
Thickness (у5, у5’)

Factor А 3 0.34965 0.11655 93.24 4.76
Factor В 3 0.02865 0.00955 7.64 4.76
Factor С 3 0.03265 0.010883 8.706667 4.76
Residual 6 0.1058 0.017633 14.10667 4.76

Total 31 0.53675 - - -
Weight loss during drying (y6, у6’)

Factor А 3 35.77616 11.92539 588.6355 4.76
Factor В 3 36.38146 12.12715 598.5946 4.76
Factor С 3 10.03441 3.344803 165.099 4.76
Residual 6 102.1641 17.02735 840.4676 4.76

Total 31 184.6803 - - -
Desirability function (D, D’)

Factor А 3 0.187065 0.062355 935.0306 4.76
Factor В 3 0.002783 0.000928 13.91288 4.76
Factor С 3 0.003242 0.001081 16.20408 4.76
Residual 6 0.005522 0.00092 13.80137 4.76

Total 31 0.19968 - - -
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tween-80 > propylene glycol > PEG-400 > glycerin. 
Factor C, in this case, is statistically insignificant; the 
change in the temperature of preparation of the wa-
ter extract from xenoderm powder does not affect 
the pH value of the obtained medical sponges. The 
value of res indicates that there is an interaction be-
tween the levels of the studied factors.

The study of the influence of the studied factors 
showed, that two of the three studied factors influ-
ence the appearance (у2, у2’) of medical sponges: A 

> C > res (Table 4). The ranked number of advantages 
of the effect of polymer on the appearance of medical 
sponges is as follows: medical gelatin > HPMC-50 > 
HPC > MC-15 (Fig. 3).

The influence of the temperature of preparation of 
water extract from crushed xenoderm powder (fac-
tor C) on the appearance of the obtained sponges can 
be depicted as follows: 40 оС = 50 оС > 20 оС > 30 оС. 
That is, the sponges, which used the temperature of 
water extract from crushed xenoderm powder pre-

Factor С

- - - 

Factor А

Factor В

Factor С

- - - 

the pH (y1, у1') of medical sponge

Figure 2 The effect of polymers on the pH of solutions of medical sponges . 

the appearance (у2, у2') of medical sponges: A > C > res (Table 4). The ranked number of advantages of the effect 

Figure 3 The effect of polymers on the appearance of medical sponges 

оС = 50 оС оС оС

–

The effects of the studied factors on the percentage of water absorption (у3, у3') are as follows: A > C > 

Figure 4 The effect of polymers on the water absorption of medical sponges

. 
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pared at 40 oC, were the best in appearance – porous, 
quite loose, soft and pliable.

The effects of the studied factors on the percentage 
of water absorption (у3, у3’) are as follows: A > C > 
res > B (Table 4). The highest percentage of water 
absorption was observed when using medical gel-
atin (1036.4 %), which is almost three times high-
er than this value for sponges based on HPMC-50 
(386.5 %) and HPC (354.6 %), and 10 times more, 

than in sponges based on MC-15 (102.5 %) (Fig. 4).

The effect of the temperature of preparation of wa-
ter extract from crushed xenoderm powder (factor 
C) on water absorption (%) can be represented by 
the following ranked number of advantages: 40 oC 
(697.80 %) > 30 oC (461.75 %) > 20 oC (380.01 %) 
> 50 oC (340.37  %). The leader among plasticizers 
in terms of impact on the rate of water absorption is 

у у

А > С > res >В

Figure 5 The effect of polymers on the time of complete dissolution of medical sponges 

(у , у

. 
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the appearance (у2, у2') of medical sponges: A > C > res (Table 4). The ranked number of advantages of the effect 

Figure 3 The effect of polymers on the appearance of medical sponges 

оС = 50 оС оС оС

–

The effects of the studied factors on the percentage of water absorption (у3, у3') are as follows: A > C > 

Figure 4 The effect of polymers on the water absorption of medical sponges. 
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tween-80, and the ranked number of advantages is 
as follows: tween-80 > propylene glycol > PEG- 400 
> glycerin.

The influence of factors on the time of complete 
dissolution (у4, у4’) of medical sponges illustrated as 
follows: А > С > res >В (Table 4) (Fig. 5).

A number of advantages of factor A levels are as 
follows: medical gelatin > HPC > HPMC-50 > MC-15, 
sponges developed on the basis of medical gelatin 
retain their framework and do not dissolve within 24 
hours, the time of complete dissolution in the sim-

ulation solution - 70 hours (approximately 3 days), 
which is an advantage over other studied polymers. 

The ranked series of the influence of the tempera-
ture of the water extract from the xenoderm powder 
(factor C) on the time of dissolution of the sponges is 
as follows: 40 oC > 20 oC > 30 oC > 50 oC. Among the 
studied plasticizers (factor B) the ranked number 
of advantages has the following look: tween-80 > 
propylene glycol > PEG-400 > glycerin.

Analysis of variance showed that the thickness of 
the sponges (у5, у5’) is influenced by all the studied 
factors: A> res> C> B (Table 4). However, the influ-

Figure 6 The effect of polymers on the thickness of medical sponges 
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Figure 7 The effect of plasticizers on weight loss during drying 
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ence of factor A (the type of polymer) on the thick-
ness of the sponges is the most significant, the best 
value of this indicator is provided by HPMC-50 and 
medical gelatin, when using them the thickness of 
the sponges is 0.65 and 0.61 cm, respectively. When 
using MC-15 and HPC, the thickness is 0.51 and 0.36 
cm, respectively (Fig. 6). 

The effect of the temperature of the water extract 
from the xenoderm powder (factor C) on the thick-
ness of the sponges can be represented by the fol-
lowing advantages: 40 oC (0.58 cm) > 50 oC (0.52 
cm) = 20 oC (0.52 cm) > 30 oC (0.50 cm). The ranked 
range of effects of plasticizers is as follows: tween-80 
(0.56 cm) > propylene glycol (0.54 cm) > PEG-400 
(0.53 cm) > glycerin (0.48 cm), and therefore can 
conclude that the change in temperature and the 
type of plasticizer have little effect on the thickness 
of the sponges.

The influence of factors on the percentage of 
weight loss during drying (y6, у6’) can be illustrated 
by the following ranked number of advantages: B > 

A > res > C (Table 4). Among the studied plasticizers, 
the lowest values of the studied factor are provided 
by PEG-400 (0.9 %), which has an advantage over 
glycerin (1.3 %), tween-80 (2.9 %) and propylene 
glycol (3.5 %) (Fig. 7). 

For polymers, the ranked range is as follows: med-
ical gelatin (0.79 %) > HPMC-50 (1.90 %) > HPC 
(2.30 %) > MC-15 (3.70 %). The effect of factor C can 
be illustrated as follows: с2 > с3 > с4 > с1.

The results of the conducted research made it pos-
sible to evaluate the influence of auxiliary substanc-
es and the temperature at which the aqueous extract 
of xenoderm is prepared on the pharmaco-techno-
logical indicators of the quality of medical sponges. 
Research data demonstrate a few advantages, which 
makes it somewhat difficult to choose the optimal ex-
cipients for the next stage of research. Therefore, we 
decided to use a generalized indicator - the desirabil-
ity function (table 3). At the same time, the primary 
results of the selected indicators were converted 
into dimensionless values using the function and the 

Figure 8 Desirability function (appearance of sponges (y2), water absorption of sponges (y3), time of 

complete dissolution of sponges (y4), thickness of sponges (y5)) 

°C 

Conclusion 

№

°C, medical gelatin and propylene glycol
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generalized indicator D was calculated. The results 
obtained using the desirability function are shown in 
Table 3 (columns D and D’), the results of variance 
analysis are shown in Table 4.

Analysis of variance showed that the influence of 
factors on this indicator is as follows: A > C > B > res.  
Comparison of the levels of factors A, C and B showed 
that the best result of the desirability function was 
obtained when using gelatin as a polymer (a1 > a3 > 
a2 > a4), propylene glycol as a plasticizer (b4 > b2 > b1 
> b3) and 40 °C as the most optimal temperature of 
the water extract from the xenoderm powder (c3 > c2 
> c1 > c4).

Conclusion

Previously developed technology for obtaining 
water extract from the xenoderm at different tem-
perature regimes and studied its rheological prop-

erties and physicochemical composition. Based 
on the results of the research were selected the 
optimal excipients and the temperature regime of 
preparation of water extract for obtaining medical 
sponges. The selection of optimal pharmaco-tech-
nological characteristics for quality control of 
medical sponges is experimentally confirmed, 
which is covered in the relevant patent of Ukraine 
№ 139854.

According to the results of conducted studies using 
the Latin square 4x4 and the generalized indicator of 
the desirability function (D),  the best values of tech-
nological indicators were medical sponges based 
on water extract prepared at 40 °C, medical gelatin 
and propylene glycol. Accordingly, it is advisable to 
investigate in more detail the effect of changes in the 
amounts of excipients on the pharmaco-technologi-
cal parameters of the developed medical sponges to 
develop their optimal composition. 

References

1.	 Chen  Z., Han  L., Liu  C.,  Du  Y., Hu  X., Du  G., Shan  
C., Yang  K., Wang C., Li  M., Li  F., Tian  F. A rap-
id hemostatic sponge based on large, mesoporous 
silica nanoparticles and N-alkylated chitosan. Na-
noscale, 10(43), 20234-45, 2018. doi: https://
doi.org/10.1039/C8NR07865C

2.	 Rodrigues S.C., Salgado C.L., Sahu A., Garcia M.P., 
Fernandes M.H., Monteiro F.J. Preparation and 
characterization of collagen-nanohydroxyapatite 
biocomposite scaffolds by cryogelation meth-
od for bone tissue engineering applications.  J. 
Biomed. Mater. Res. A,  101(4), 1080-94, 2013. 
doi: https://doi.org/10.1002/jbm.a.34394

3.	 Liu J.Y., Li Y., Hu Y., Cheng G., Ye E., Shen C., Xu 
F.J. Hemostatic porous sponges of cross-linked 
hyaluronic acid/cationized dextran by one 
self-foaming process.  Mater. Sci. Eng.  C.  Mater. 
Biol. Appl,  83, 160-8, 2018. doi: https://doi.
org/10.1016/j.msec.2017.10.007

4.	 Lytvynyuk S.O., Volkov K.S., Nebesna Z.M. Mor-

phofunctional Modifications of Neurocytes of 
the Rat Hippocampal CA3 Area after Experi-
mental Thermal Trauma. Neurophysiology, 48, 
399-406, 2016. doi: https://doi.org/10.1007/
s11062-017-9616-z

5.	 Bennett B.L., Littlejohn L. Review of new 
topical hemostatic dressings for combat ca-
sualty care. Military Medicine,  179(5), 497-
514, 2014. doi: https://doi.org/10.7205/
MILMED-D-13-00199

6.	 Marushchak M., Krynytska I., Milevska L., Miz 
A., Mialiuk O. The changes of activity of effector 
caspase cascade components in case of alimen-
tary obesity in rats.  BJMS,  16(2), 252-8, 2017. 
doi: https://doi.org/10.3329/bjms.v16i2.31280

7.	 Jeschke M.G., Van Baar M.E., Choudhry M.A., 
Chung K.K., Gibran  N.S., Logsetty S.  Burn inju-
ry. Nat. Rev. Dis. Primers, 6(1), 11, 2020. https://
doi.org/10.1038/s41572-020-0145-5

8.	 Skakun L.N., Cimbaluk A.V. Experience in the 
use of lyophilized xenodermotransplant for the 
treatment of patients with frequently recurrent 

Pavliuk et al, Pharmakeftiki, 36, I, 2024 | 40-52

Pavliuk et al, Φαρμακευτική, 36, I, 2024 | 40-52



52

inflammation of the maxillary sinus in combina-
tion with alveolar fistula. Vestn. Otorinolaringol., 
80(3). 45-6, 2015. (in Ukrainian)

9.	 Pavliuk, B., Chubka, M., Hroshovyi, T., Stechyshyn, 
I. Characteristics of structured medical hemostat-
ic sponges as a medical devices for stop bleed-
ing and for close the wound. Pol. Merkur. Lekar-
ski, 48(288), 422-6, 2020.

10.	  Dean A.M. (2015). Experimental Design: Over-
view International Encyclopedia of the Social & 
Behavioral Sciences. Editor(s): James D. Wright, 
International Encyclopedia of the Social & Be-
havioral Sciences (Second Edition), Elsevier, pp 
535-540.

11.	 Tempelman R.J. Experimental de-
sign and statistical methods for classical 
and bioequivalence hypothesis test-
ing with an application to dairy 
nutrition studies. J. Anim. Sci.. 82 E-Suppl: E162-
172, 2004.

12.	 Hroshovyi  T.A.,  Martseniuk  V.P.,  Kucherenko  
L.I.,  Vronska  L.V.,  Hurieieva  C.M. (2008). Math-
ematical  planning  of  ex-periment  in  pharma-
cy/ Ternopil:  Ternopil  State Medical University. 
(in Ukrainian).

13.	 Darzuli N., Budniak L., Hroshovyi T. Selected ex-
cipients in oral solid dosage form with dry extract 
of pyrola Rotundifolia L. Int. J. App. Pharm. 11(6), 
210-6, 2019. doi:  https://doi.org/10.22159/

ijap.2019v11i6.35282
14.	 Dalwadi C., Patel G. Implementation of “Quality 

by Design (QbD)” Approach for the Development 
of 5-Fluorouracil Loaded Thermosensitive Hy-
drogel.  Curr.  Drug  Deliv.,  13(4), 512-27, 2016. 
doi:  https://doi.org/10.2174/1567201812666
150817122506

15.	 Hu-Fan Song, Ai-Zheng Chen, Shi-Bin Wang, 
Yong-Qiang Kang, Shi-Fu Ye, Yuan-Gang Liu, 
Wen-Guo Wu. Preparation of Chitosan-based 
hemostatic sponges by supercritical fluid tech-
nology. Materials (7), 2459-73, 2014.

16.	 Imani R., Rafienia M., Emami S.H. Synthesis and 
characterization of glutaraldehyde-based cross-
linked gelatin as a local hemostat sponge in sur-
gery: an in vitro study. Biomed. Mater. Eng. 23(3), 
211-24, 2013.

17.	 Pavliuk B.V., Melnyk Y.Y., Hroshovyi Т.А., Chub-
ka М.B., Skorokhoda V.Y. Research of water 
extraction from xenoderm as an active phar-
maceutical ingredient in drugs.  Farm. Zh. 
(5), 42-50, 2020. (in Ukrainian) https://doi.
org/10.32352/0367-3057.5.20.05

18.	 Vons B.V., Hroshovyi T.А.  Pharmacological 
justification for the choice of active 
pharmaceutical ingredients for the local 
treatment of burns in a model of aseptic burns 
in rats. Med. Сlin. Сhem. (1), 55-62, 2019. (in 
Ukrainian).

ARTICLE INFO:
Received: April 3, 2023

1rst revision: June 10, 2023
2nd revision: August 31, 2023
Accepted: September, 9, 2023

Available on line:

PHARMAKEFTIKI, 36, I, 2024 | 40-52

ΦΑΡΜΑΚΕΥΤΙΚH, 36, I, 2024 | 40-52 ΕΡΕΥΝΗΤΙΚΗ ΕΡΓΑΣΙΑ

RESEARCH ARTICLE


