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The aim of the has been studied is to select the optimal filter material to 
obtain a sterile injectable solution of piracetam 20%. One of the main re-
quirements that apply to injection solutions is sterility and the absence of 
mechanical impurities. The filtration system must be reliable and easily 
controlled, since the use of filters that are not strong enough and clog the 
test solution with particles of the filter material leads to poor quality medi-
cines. Therefore, it is necessary to constantly improve methods of filtration 
of parenteral drugs.
At the stage of pharmaceutical development, the influence of the filter 
membrane material on the quality of the solution to be filtered has been 
determined. A practical pattern of the choice of filters in the study of in-
jectable solution of piracetam 20% and filter materials based on polyvi-
nylidene fluoride (PVDF), polyester sulfone (PES) and nylon was provided. 
Studies have been conducted to identify possible processes of migration 
and sorption of solution components and filter membranes using instru-
mental methods of analysis, as well as to determine the sterilizing ability 
of filters with a membrane rating of not more than 0.2 μm. 
The possibility of using all investigated filters in the commercial produc-
tion of the medicine piracetam 20% has been proved. Using the results of 
this work will eliminate long-term and numerous studies on the selection 
of filter material during development of the technological stage of filtration 
in the production of injectable medicines.
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1. Introduction

The main indicators of the quality of injection med-
icines include such indicators as mechanical inclu-
sions: visible and invisible particles1,2. Achieving the 
regulated limits of this indicator is carried out not 
only by implementation of the requirements Gener-
al Manufacturing Practice (GMP) in the production 
of drugs, but first of all, by carrying out one of the 
most important stages of the technological process 
- the prepared solution the filtration stage of. The 
development of new drugs, in addition to reformu-
lation and formulation, includes the development of 
a technological process3, one of it is researching the 
choice of the stages on of filter material, determining 
the filtration efficiency through the selected filter 
and developing methods for monitoring filtration 
efficiency4. The final stage of the filtration process is 
the validation of filtration. It confirms that the pro-
cess of filtration of the prepared solution during the 
technological process of obtaining the final product. 
The quality of attributes of product meets all the re-
quirements of regulatory and technical documenta-
tion5.

Filtration is a complex of hydromechanical pro-
cesses. Their efficiency of it has been determined by 
the properties of the separated dispersed media, the 
porous partition and the conditions of conduction. 
Filtration (as one of the key operations in the pro-
duction of injectable dosage forms)6, requires the 
correct choice of filter unit, material and pore size 
of the filter, filtration rate etc.7 In addition, the filtra-
tion system must be reliable and controlled easily. 
The use of filters (havind no sufficient strength and 
contaminate the filtrate with particles of filter mate-
rial), causes the need of purifying the solutions after 
the main filtration8. 

The process of prepared solutions filtration is one 
of the most important stage in the technological 
process in the production of injectable medicines. 
Sterility and the absence of mechanical inclusions 
are important indicators of the quality of inject-
able solutions9,10. To ensure these indicators, the 
production of injectable medicines is carried out in 
appropriate conditions using some organizational 

measures. They minimize the possibility of ingress 
microorganisms and mechanical inclusions into 
drugs at all stages of the technological process11,12. 
The most impotent stage among the measures is the 
stage of the technological process - filtration of the 
solution13. 

Removal of mechanical inclusions is achieved by 
filtering the injection solutions through a suitable 
filter material. In pharmaceutical practice for fil-
tering injectable solutions the most common filters 
are membrane-type filters with a pore size of 0.45 
to 1.0 μm for pre-filtration and 0.2 μm for sterilizing 
filtration14. Filtration through a system of membrane 
filters with a pore size of 1.0 μm - 0.2 μm allows you 
to combine the processes of injection solutions ster-
ilization and removal of mechanical inclusions.

Among all the areas of applications for the puri-
fication and separation of membrane filters liquids 
used in the manufacture of medicines are character-
ized by the strictest quality requirements and condi-
tions of their production and use. Filters for aseptic 
production of injectable solutions in polyethylene 
ampoules are the only possible method of steriliza-
tion15, 16. Such increased attention to the process of 
sterilizing filtration is also explained by the fact that 
filtration is still a rather risky method of steriliza-
tion. The purpose of sterilizing filtration in aseptic 
conditions of pharmaceutical medicines is not only 
the removal of mechanical particles. It also means 
the removal of all living microorganisms out of the 
solutions17. Validation of the sterilizing filtration 
process should be confirmed in regard to the ability 
of the filter element to sterilize the product18.

Since the production of injectable medicines in poly-
ethylene ampoules does not involve the process of 
thermal sterilization in the primary packaging19, 20, the 
reliability of the filtration process. It has been achieved 
by performing certain tests, significantly affects the 
production of the finished product of proper quality.

The aim of the research was to substantiate the 
methodological approach to the development of 
the filtration process of solutions containing sub-
stances of different chemical structures, using a 
prepared solution of piracetam. To the purpose the 
experience of pharmaceutical development for med-
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icines in polyethylene ampoules, implemented in the 
Joint-stock company “NIKO” (JSC NIKO COMPANY, 
Ukraine), was considered.

2. Materials and Methods.
2.1 Materials.

The research object was a solution of piracetam 
20% prepared in the experimental laboratory JSC 
NIKO COMPANY, Ukraine. As well as filter mem-
branes, were made of materials based on: polyvi-
nylidene difluoride, “Durapore” (catalog number 
GSVWP 04700), manufactured by the company 
«Millipore», USA; polyester sulfone, «PROPOR PES» 
(catalog number ZDMS-047-020AZ), manufactured 
by the company «Parker Domnick hynter ltd», Unit-
ed Kingdom; nylon, «Ultipor N 66» (catalog number 
АВ1NF7PH4), manufactured by the company «Pall», 
Germany. 

2.2 Methods. 
All studies have been performed using the methods 
according to the State Pharmacopoeia of Ukraine of 
the second edition9:

2.2.1. Determination of the degree coloration of 
the piracetam solution 20%.

2.0 ml of the test liquid is compared with 2.0 ml of 
water using identical colorless clear neutral glass test 
tubes with an outer diameter of 12 mm. Color compar-
isons are performed in diffused daylight by looking at 
the samples horizontally on a white background.

2.2.2. Potentiometric determination pH of the pi-
racetam solution 20%.

Potentiometric pH determination is performed by 
measuring the potential difference between two re-
spective electrodes immersed in the test solution. 
One of the electrodes is sensitive to hydrogen ions 
(usually a glass electrode). The other one is a ref-
erence electrode (for example, a saturated calomel 
electrode). The measuring device is a voltmeter with 
an input resistance at least 100 times greater than 

the resistance of the electrodes used. All measure-
ments are performed at the same temperature in the 
range from 20 °C to 25 °C. The device is calibrated 
using a buffer solution of potassium hydrophthalate 
(primary standard) and one of the buffer solutions 
with a different pH value. The readings of the instru-
ment for the third buffer solution with an interme-
diate pH value should not differ by more than 0.05 
pH units from the tabular pH value of the piracetam 
solution 20%. The electrodes are immersed in a pi-
racetam solution 20% and the pH is measured under 
the same conditions as for the buffer solutions. All 
test solutions and standard buffer solutions should 
be prepared in water free of carbon dioxide.

2.2.3. Quantitative determination of piracetam.

The method of high-performance liquid chroma-
tography (HPLC) was applied for the quantitative 
determination of piracetam. Chromatography was 
performed on a liquid chromatograph with an ultra-
violet detector under the following conditions. De-
tection at a wavelength of 205 nm; column Luna C 18 
size 250x4.6 mm with a column temperature of 50 
0C; mobile phase: dipotassium hydrogen phosphate 
with a pH of 6.0 ± 0.05, adjusted by dilute phosphor-
ic acid - acetonitrile (95:5); the speed of the mobile 
phase is 0.5 ml/min.

2.2.4. Determination of sterilizing suitability of 
filter material.

Verification the sterilizing ability of the filter was 
conducted by the method of membrane filtration 
using a filter device (Figure 1). The tests were per-
formed in a clean Class D room in the biosafety box 
(zone A). Test cultures of Brevundimonas diminu-
ta bacteria were used to test the sterilizing ability 
of the filter. After completion filtration of the test 
solution of piracetam 20%, the membrane filter was 
washed in three portions of 100 ml of washing liquid 
and in its last portion was made a suspension of the 
test strain of Brevundimonas diminuta bacteria.

After filtration, membrane filters were placed in 
Petri dishes on the surface of the medium soybean 
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agar. Incubate for 3-5 days at the temperature from 
30oC to 35oC. For a positive control experiment 
through membrane filters of 0.45 μm was passed 
100 ml of washing liquid (buffer solution with sodi-
um chloride and peptone pH 7.0) with a suspension 
of test culture of bacteria Brevundimonas diminuta. 
After filtration, membrane filters were placed on the 
surface of the medium soybean casein agar in Petri 
dishes. Incubation of the filters was performed si-
multaneously with the test samples at the tempera-

ture of from 30oC to 35oC for 3-5 days.
Acceptor criterion: - no growth of Brevundimonas 

diminuta in the studied samples; - the presence of 
growth of Brevundimonas diminuta in the positive 
control.

2.2.5. Gravimetric determination of dry residue 
after evaporation.

Thermogravimetric analysis was performed on a 
derivatograph of the system F. Paulik, I. Paulik, L. Ef-
dei with platinum/platinum-rhodium thermocouple 
when heating the samples in ceramic crucibles from 
20 to 300oC in the air.

The heating rate was 5oC per minute. The standard 
was hardened aluminium oxide, the weight of the 
samples was 50 mg.

2.2.6. Test for mechanical inclusions by light 
blocking method.

A suitable device based on light blocking principle, 
which allows to measure automatically the number 
and the size of particles were used. The instrument 
is calibrated using suitable certified reference mate-
rials consisting of dispersions of spherical particles 
of certain sizes - 10 μm and 25 μm. Such standard 
particles are dispersed in water free of particles, R. 
Measures should be taken to avoid aggregation of 
the particles during dispersion. The contents of the 
sample were mixed by inverting slowly and contin-
uously the container 20 times. If necessary, remove 
carefully the packaging. The outer surfaces of the 
opening container were cleaned with a jet of water 
free of particles, P and opened the container, avoid-
ing any contamination., A suitable procedure was 
used to remove air bubbles (settling the solution for 
2 min or sonication). Because the parenteral drug 
used is small in volume, less than 25 ml, 10 or more 
dosage units were combined in a clean container to 
obtain a volume of at least 25 ml. The number of test 
samples was taken sufficient to provide a statistical-
ly sound estimate. Four samples, not less than 5 ml 
each, were taken and the number of particles with 
sizes equal to or greater than 10 μm and 25 μm was 

Figure 1. Scheme of the filter device for membrane fil-
tration method:
1 - Container with solution; 2, 4 - Hose №1; 3 - Perestat-
ic pump; 5, 7, 9, 10, 12, 14 - Terminal connection to the 
fitting; 6 - Passing port; 8 - Hose №2; 11 - Filter holder; 
13 - Filter with housing; 15 - Hose №3; 16 - Container 
with sterile solution.
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determined. The result obtained for the first sample 
has been excluded and the average number of parti-
cles in the test sample has been calculated.

3. Results and Discussion. 

At the first stage of research, the study of the chem-
ical compatibility of the solution and filter materials 
has been carried out under dynamic conditions (by 
filtering the solution through selected filter mem-
branes). During studying the chemical compatibility 
of the solution and filter materials, the quality of the 
solution has been controlled by the following indica-
tors: transparency, color, pH, quantitative content of 
the active substance (Table 1). 

In the second stage, the content of substances ex-
tracted into the filtrate has been determined. A ster-
ilizing filter of company «Parker Domnick hunter 
ltd.», to perform this test of trade mark PROPOR PES 
(ZDMS090-020-AY) DISC (filtration material: poly-
ester sulfone with a rating of 0.2 μm) was used.

During the test, the solution was conducted to 

determine the content of substances extracted into 
the filtrate. To assess the possible migration of po-
tential products of the filter material to the prepared 
solution, 2 samples in the amount of 0.5 l each were 
investigated (the first sample - after contact for 4 
hours with the filter; the second sample - control, 
without contact with the filter). 

The samples were analyzed according to the fol-
lowing indicators:
	 Gravimetric determination of dry residue 

after evaporation;
	 Comparison of impurities profile of the ac-

tive substance in the solution;
	 Evaluation of the infrared spectra of the dry 

residue after evaporation;
	 Sterilizing suitability of the filter;
	 Determination of the filtration efficiency of 

the injectable solution.
The results obtained in determining the effect of 

the filter material on the test solution of piracetam 
20% are presented in Table 2 and Figures 2-5.

Thus, the conducted research showed that the 

Table 1: The effect of filter materials on the quality of the test solution of piracetam 20%

Original
Filter material

nylon
polyvinylidene 

difluoride
polyester sulfon

Transparency (should be transparent)

not transparent transparent transparent transparent

Chromaticity (not more intense than the standard ВY7)

corresponds corresponds corresponds corresponds

рН (from 5.0 to 7.0)

5.96 5.97 5.96 5.96

Quantitative content of piracetam, mg/ml (from 190.0 to 210.0)

200.3 200.4 200.3 200.3
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Table 2: Determination of dry residue of prepared and filtered solution of piracetam 20%
The name of the 

test
The parameter  
being evaluated

Acceptability 

criteria
Result

Determination of 
dry residue

The amount of 
dry residue after 

evaporation in 
terms of 1 ml

Minimum 
difference in 

the amount (or 
absence) of dry 

residue

Dry residue of the 
solution before 

filtration

200.2 mg/ml

Dry residue of 
the solution after 

filtration

200.1 mg/ml

Figure 2. Thermogram of dry residues of the prepared solution of piracetam 20% before and after filtration

Figure 3. Profile of impurities of piracetam solution 20% before filtration
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dry residue of the prepared solution before and af-
ter filtration is practically unchanged. The profile of 
impurities of both prepared and filtered solution co-
incides. The infrared spectra of dry residues before 
and after filtration are identical. It proves no effect 
of filter material and no diffusion the filter material 
substances to the investigated solution under select-
ed filtration conditions.

Determination of the sterilizing suitability of the 
filter material has been performed using a bacteri-
al test, evaluating whether the sterilizing filter pro-
vides sterile filtrate during filtration and after filtra-
tion of the entire amount of prepared solution of pi-

racetam 20% under appropriate process conditions 
(that is, after contact of the filtration membrane with 
the investigated solution for the time determined 
by the technology). The testing procedure is based 
on the results of the viability test. Acceptability cri-
teria of the test is absence of growth test-microor-
ganism Brevundimonas diminuta on an analytical 
filter in the studied samples. The level of bacterial 
load for the test filter should be below the allowable 
validated limit (x1011). It minimizes the potential of 
non-sterile product and ensures the sterility of the 
product after filtration. The test results are present-
ed in Table 3.

Figure 4. The profile of impurities of piracetam solution 20% after filtration through a filter with a polyester sul-
fone filter material with a rating of 0.2 μm

Figure 5. Infrared spectra of dry residues of piracetam solution 20% before (lower spectrum) and after (upper 
spectrum) filtration
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Table 3: Determination of the sterilizing ability of the filter using test microorganisms

Filter Part Number/

Lot Number 
Total challenge (CFU)

Challenge per filter 
area (CFU/cm2) 

Recovery, CFU

Pall PANX047100/ 
UA6231

3.82х109 2.2х108 0

Durapore 
AB05DFL2PH4/ 
ІТ6225

3.82х109 2.2х108 0

PROPOR PES 
ZCMS1-020C-
PS/1406231

3.82х109 2.2х108 0

Table 4: Determination of invisible particles in a filtered solution of piracetam 20% 

Run No. Particle size (μm) Cumulative count Particles per container

Run 1
10.000 203.00 406.00

25.000 4.00 8.00

Run 2
10.000 143.00 286.00

25.000 2.00 4.00

Run 3
10.000 229.00 458.00

25.000 4.00 8.00

Run 4
10.000 161.00 322.00

25.000 2.00 4.00

Average
10.000 177.67 355.33

2.67 5.33

Notes:    
Sample volume (mL) : 5 No. of runs : 4
No. of containers : 10 Total pooled volume (mL) : 100
Container volume (mL) : 10 Dilution factor : 1
Run1 : Discarded
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The filtration efficiency has been determined by 
the method of light blocking on the device «Liquid 
particle counting system of company Hiac Royco», 
USA.

Table 4 shows studies to test the invisible parti-
cles of a solution of piracetam 20%, which was fil-
tered through a PES membrane with a rating of 0.2 
μm.

It can be seen from table 4 the number of particles 
in the test sample meets the requirements of State 
Pharmacopoeia of Ukraine 2.9.19, method 1 at a 
regulated limit of 6000 in an ampoule for particles 
with a size of 10 μm or more and not exceeding 600 
particles with a size of 25 μm or more. The research 
has carried out the proofs that the use of the inves-
tigated filter material allows to obtain a solution of 
the required quality.

4. Conclusions

The complex of researches during holding one of 
pharmaceutical development stages of technological 
process, namely the stage of filtration for injectable 
medicines (on the example of injectable solution of 
piracetam of 20%) has been defined.

Conducted research of mutual influence of filter 
material with a solution has proven that pH of the 
solution before and after filtration doesn’t change, 
indicating the compatibility of the solution with a 
filter. The selected filters correspond to the pH range 
of the piracetam solution 20%. Determination of the 

quantitative content of the active substance of pirac-
etam before and after filtration (within the regulat-
ed limits) determined the absence of sorption of the 
active substance on the filter.

Profile impurities solution before and after filtra-
tion are identical. No additional peaks are observed 
infrared spectra of the dry residue obtained after 
evaporation of prepared and filtered solutions. It is 
virtually the same profile that indicates the absence 
of substances extracted from washed and filter the 
solution. Control of sterilizing ability of filters by 
the test to restrain the growth test culture of bacte-
ria Brevundimonas diminuta showed no growth of 
test culture, the level of bacterial load for the stud-
ied filters was below the validated limit (x1011). It 
minimizes the potential of non-sterile product and 
ensures sterility after filtration.

The completeness of the research carried out at 
the phase of pharmaceutical development of the fil-
tration stage will minimize the risks of exposure to 
the filter material on the solution, identify critical 
control points at this stage to prevent poor quality 
products in industrial production. 
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