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SUMMARY

In vaccine production, it is particularly important to purify the virus-containing suspension in order to remove ballast proteins and fats, which, when present in
high concentrations, are responsible for depression or allergic reactions in animals. Polyguanidine and its derivatives have long been used for such purposes. At
present, the market offers polyhexamethylene guanidine hydrochloride, a cationic polyelectrolyte with a unique combination of physico-chemical and biocidal
properties allowing for it to be used in nearly all spheres of economy. Flocculation properties of polysept (polyhexamethylene guanidine hydrochloride) vary from
batch to batch, and this has necessitated the development of a test system for determination of the incoming material quality, which has a significant impact on
virus antigen concentration during vaccine production. Seven batches of polyhexamethylene guanidine were tested for flocculation properties, changes in FMDV
immunogenic component concentration in the virus-containing suspension, osmolality of solutions at different percentage concentrations. Indicators of incoming
material suitability for FMD vaccine production were determined. The batches of polysept should be tested for flocculation properties at different concentrations of
the polymer (0.007, 0.0105 and 0.01575%) in dynamics during 24 hours. After this period, the turbidity of solutions should not exceed 30 FNU (formazin turbidity)
at concentrations of 0.0105 and 0.01575%. It is also necessary to determine the osmolality of polysept solutions at different percentage concentrations (6, 8, 10,
12, 14%). Osmolality values should be within the following ranges: 260 = 20 mOsm for a 6% solution; 330 == 25 mOsm for an 8% solution; 400 = 25 mOsm for a
10% solution; 460 = 30 mOsm for a 12% solution; 520 = 20 mOsm for a 14% solution.
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PE3IOME

[Tp1 NPoU3BOACTBE BaKLNH BaXHYI0 PONb UTPAET OUNCTKA BUPYCHOI CyCneH3uu oT 6annacTHbIX 6ENKOB U XXMPOB, BbICOKAA KOHLIEHTPaLMA KOTOPbIX BbI3bIBaeT
yrHeTeHUe OpraH13ma XXUBOTHbIX UK annepriyeckne peakwinu. Ha npoTaxeHnn [UTENbHOTO BPEMEHY A 3TUX Lieneil NPUMEHANI NOAUTyaHAUH 1 ero npo-
U3BOAHbIE. B HacToALee BpeMA Ha PbIHKE MPeANaraloT KaTUOHHbIA NOANINEKTPOANT NOANTeKcaMETINEHTyaHUANH TUAPOXNOPUA, 06N1afatoLLMil YHUKANbHBIM
coueTaHuem GU3NKO-XUMINYECKNX 1 G1OLMAHBIX CBOICTB, KOTOPbIE MO3BONAIOT UCMOMb30BATb €ro NPaKTUYECKM BO BCex chepax HapoHoro xo3ailcTga. Maptun
nonvucenTa (nonureKcameTUneHryaHuanH rugpoxnopuaa) OTMYaoTca Apyr oT Apyra no GnoKynupyLLMM CBOIACTBAM, MO3TOMY BO3HMKNA HE0OX0AMMOCTb
pa3paboTarb TecT-cucTemy ANA onpefeneHna kauectBa nocTynalolLeil NpoayKLMK, CyLLeCTBEHHO BAMAIOLLET0 Ha MOTEPH aHTUreHa BUpYyCca Npu NPOM3BOACTBE
BaKLMH. bbinn n3yueHbl Kak GnokynupytoLyye cBOIACTBA, TaK 11 NOTEPA MMYHOTeHHbIX KOMMOHEHTOB BUPYCa ALLYpa U3 BUPYCCOAEepXaLLeli CycreH3nm, a Take
0CMONANBHOCTb PACTBOPOB Pa3HON NPOLIEHTHOI KOHLIEHTPALMIN CemMI CepUi MoNMreKcameTneHryaHuaNH rnapoxnopuaa. YCraHoBneHbl KpUTepuin npUrosHoCTI
MoCTynaloLLeil NpoayKLIMM ANA NPON3BOACTBA NPOTUBOALLYPHBIX BAKLYH: MPOBEPKA B AMHAMMKE (NIOKYNMPYIOLLIMX KAuecTB NapTUii nonumepa npi pasHbix ero
KoHueHTpauuax (0,007; 0,0105; 0,01575%) Ha npoTsxeHun 24 u. Yepes ykasaHHoe Bpema MyTHOCTb pacTBopa AoHa 6biTb He 6onee 30 FNU (dopmazuHosas
cTeneHb MyTHOCTI) Npy KoHLeHTpauwax 0,0105 1 0,01575%. Takxke Heo6xoA1MMO onpeenaTb 0CMONANBbHOCTb PaCTBOPOB NMONMCENTA Pa3HOIA NPOLIEHTHOI KOHLIEH-
Tpauuu (6, 8, 10, 12, 14%). 3HaueHue 0CMONANBHOCTI JOMKHO YKNAAbIBATbCA B CNeaytoLLe rpaHnLbl: 6%-i pactBop — 260 + 20 mOsm; 8%-ii — 330 + 25 mOsm;
10%-it — 400 =+ 25 mOsm; 12%-i — 460 + 30 mOsm; 14%-ii — 520 + 20 mOsm.

KnioueBbie cnoBa: nonurekcameTuneHryaHnanH ruspoxnopuga, aHTUreH BUPYCa ALLYpa, UMMYHOTeHHbIE KOMMOHEHTbI, GROKYNALMSA, MyTHOCTb, OCMONANBHOCTb
BnarogapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OrbY «BHUN3M» B pamkax TemaTukin HayuHO-UCCIef0BaTENbCKIX paboT «BeTepuHapHoe bnarononyuuer.
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KpuTepueB Ana nccnegoBaHuA GnokynupyrLLyx CBOIACTB NonuCenTa (MoanreKcameTuneHryaHnanH ruapoxnopua). Bemepunapus cezoous. 2022; 11 (3): 254-261.
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INTRODUCTION

In vaccine production, the purification of the virus-
containing suspension is of particular importance.
Polyguanidine and its derivatives have long been used for
such purposes. At present, the market offers polyhexam-
ethylene guanidine hydrochloride (PHMG hydrochloride),
a cationic polyelectrolyte with a unique combination
of physico-chemical and biocidal properties allowing for it
to be used in nearly all spheres of economy [1-8].

Polyhexamethylene guanidine hydrochloride is
a water-soluble chlorine-containing polymer with
a molecular mass of 10,000 Da, represented by formula
[-NH-C=(NHxHCI)-NH-(CH_) -] . Chlorine included in its
composition is a complex salt of hydrogen chloride with
a strong basic nitrogen of the compound. The preparation
with the empirical formula (C H, N.Cl) manufactured under
the trademark “Polysept” (OO0 “Pharma-Pokrov’, Russia) is
a water-soluble polymer product, which has the character-
istics of both a cationic polyelectrolyte and a polymer, con-
tains polar guanidine and nonpolar hexamethylene groups
imparting adhesive and surfactant properties to it and can
therefore be broadly applied in economy. PHMG hydro-
chloride has a high bactericidal and fungicidal effect. Its
0.05% solutions kill both gram-positive and gram-negative
microorganisms within 5-25 minutes. The product is safe
for humans, animals and the environment [8-10].

Physico-chemical properties of PHMG hydrochloride:
it is colourless and odourless (some low quality pro-
duct samples may smell like ammonia), fireproof, explo-
sion-safe, fully soluble in water, alcohol-soluble, does
not lose its properties at subzero temperatures, does not
decompose and retains its physico-chemical and bioci-
dal properties when heated to 120 + 5 °C. The shelf life
is at least 5 years for a 20% aqueous solution and at least
7 years for a 100% concentrate.

Biocidal properties of PHMG hydrochloride: it is a bio-
cide with a broad-spectrum antimicrobial activity against
gram-negative and gram-positive bacteria (in particular,
mycobacteria causing tuberculosis and legionellosis), vi-
ruses (including enteric and post-transfusion hepatitis
viruses, human immunodeficiency virus, poliomyelitis
virus, influenza virus, herpesviruses, etc.), fungi, in parti-
cular mold, yeast and yeast-like fungi, fungi of the genus
Candida, dermatophytes.

Product form: lumps (pellets) containing at least 95-98%
of PHMG hydrochloride or an aqueous solution containing
20% of PHMG hydrochloride. Where necessary, aqueous
solutions containing up to 50% of the active ingredient
can be prepared [4].

PHMG hydrochloride is produced by the interaction
of hexamethylene diamine and guanidine hydrochlo-
ride [11, 12].
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Table 1
Formazin turbidity reference values
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Polysept has been found to have flocculation proper-
ties. Itis applied as a 9% solution (1.5-2.0 mg of dry matter
per 1 L of waste water) [13].

In the production of inactivated vaccines against foot-
and-mouth disease, polysept is added in the form of a 5
or 10% aqueous solution to reach the final concentration
of 0.005-0.03% (pH 7.6-8.0). Flocculated ballast proteins
are removed by centrifugation, separation or sedimenta-
tion. The use of PHMG hydrochloride concentrations grea-
ter than 0.03% results in a significant reduction of the vi-
rus concentration; a decrease in FMDV infectivity titre and
146S component concentration are observed [10, 14].

Unfortunately, flocculation properties and other cha-
racteristics of polysept may vary from batch to batch, lea-
ding to a decrease in the concentration of the virus pro-
tein used for vaccine production. It is therefore important
to develop a test system for tests of PHMG hydrochloride
batches for flocculation properties.

The aim of the study is the selection of a test system
for tests of polysept (PHMG hydrochloride) for its floccu-
lation properties.

MATERIALS AND METHODS

Cell line. BHK-21/SUSP/ARRIAH, a continuous suspen-
sion culture of neonatal Syrian hamster kidney cells, was
used for the study [15]. The cells were grown in metal fer-
menters with a working capacity of up to 1,800 dm? in ac-
cordance with the Master formula record for production
of the vaccine against FMD of various types.

PHMG hydrochloride was supplied by OO0 “Pharma-
Pokrov” (Russia), TU 9392-001-32963622-99, batches:
No. 343 of 09 July 2020; No. 522 of 20 November 2020;
No. 48 of 21 February 2021; No. 57 of 26 February 2021;
No. 71 of 26 March 2021; No. 219 of 27 August 2019;
No. 168 of 27 August 2021.

To perform the study, 10 and 20% solutions were pre-
pared in an enameled container using demineralized wa-

Turbidity, FNU

=343 =522 wfed8 5] wfemT] =219

900
800
700
600
500
400
300
200
100

0

168

g

Polysept concentration, %

Fig. 1. Turbidity dynamics in the zero-hour sample at different polysept

concentrations

256

ter. The mixture was heated to 90-100 °C with constant
stirring until complete dissolution of the polymer, cooled
at 18-25 °C and then placed in the cold chamber (4-8 °C).

The turbidity of the prepared PHMG hydrochloride solu-
tion was measured using a portable HI 98713 turbidity
meter equipped with an IR-diode (Hanna Instruments,
Germany) according to the manufacturer’s instruction.
Turbidity was reported in FNU (a formazin turbidity unit).

The values and corresponding degrees of turbidity
are presented in Table 1 [16].

To measure the osmolality of the tested solutions at dif-
ferent concentrations (6, 8, 10, 12, 14%), an OSKR-1M cryo-
scopic medical osmometre (Russia) was used.

The concentration of FMDV total viral protein and its
components was determined according to the“Methodical
guidelines for determination of concentration of 146S, 75S,
12S components of vaccine strains of culture FMD virus
with complement fixation test (CFT)"[17].

Tests for flocculation properties. The tests were carried
out as follows: the inactivated FMD virus suspension was
transferred into 0.5 dm? bottles (0.4 dm? of the suspension
per bottle), then a 10% polysept solution was added to reach
the final concentrations of 0.007, 0.0105, 0.01575, 0.02362,
0.03544, 0.05316% (1:5). Samples for turbidity tests were
collected after 0 (a zero-hour sample), 2,4, 6,8 and 24 hours.
The concentrations of total viral protein and its compo-
nents were determined 24 hours after addition of polysept.

Statistical processing of data. Numerical data were sta-
tistically processed by generally accepted methods of vari-
ation statistics using a personal computer and Microsoft
Excel software.

RESULTS AND DISCUSSION

During the first stages of the study, different batches
of polysept were tested for their flocculation properties.
For this purpose, a 10% polysept solution was added to
the inactivated FMD virus suspension at different con-
centrations in the total volume. Samples were collected
at different time intervals. It was found that the higher
the flocculant percentage, the greater were turbidity va-
lues in the zero-hour samples (Fig. 1, Table 2). Turbidity in
the controls varied from 101.5 + 19.9t0 219.3 + 10.8 FNU;
in the polymer-supplemented suspension, turbidity varied
from 258.0 + 32.9 to 826.0 £ 61.6 FNU depending on the
batch and concentration of polysept (the differences were
significant, p < 0.005).

According to literature data, the adsorption of a floccu-
lant onto dispersed phase particles can occur as a result
of electrostatic, chemical interactions, ion exchange, under
the effect of Van der Waals forces. Flocculation effective-
ness, floc size and density depend largely on the intensity
and duration of mixing, as well as on flocculant amount.
The addition of a small amount of the flocculant leads to
a sharp increase in floc hardness.

The formation of aggregates of particles, i.e. the bin-
ding of particles through the formation of bridges with
the polymer, is a result of interaction between macromol-
ecules adsorbed onto dispersed phase particles and loose
particles. The adsorption of ionogenic flocculants onto op-
positely charged dispersed phase particles occurs mainly
due to electrostatic attraction. Flocculation rate is the hi-
ghest when the concentration of flocculant-coated par-
ticles and that of uncoated particles are the same [18-20].
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Table 2
Turbidity dynamics at different polymer concentrations (n = 3)

Time Turbidity (FNU)
(hours) 0.007% 0.0105% 001575% | 002362% | 0.03544% | 0.05316% Control
0 482+120 | 5578+413 | 5688+86 | 6728+177 | 62544346 | 585.4+95 | 200.6+69.5
2 3542492 | 2388+246 | 1090+150 | 85.6+117 | 887+30 | 693+47 | 180.0+60.0
4 30764126 | 11754295 | 7124114 | 533482 | 594457 | 494+38 | 17364513
T 6 30464112 | 855+104 | 512+128 | 382488 | 306+83 | 190+14 | 16924527
8 244+140 | 7004205 | 3534106 | 258+37 | 249+23 | 193+31 | 1704518
2 5444224 | 472413 | 196+35 | 13115 | 151+23 | 125431 | 1428+30.1
0 25804329 | 33734388 | 3610276 | 4263+295 | 46404262 | 5113+223 | 1507+27.0
2 2334252 | 21674208 | 3407240 | 1113432 | 857445 | 742433 | 163.0+375
4 18474323 | 24374405 | 1087499 | 704+51 | 580+24 | 56636 | 1637427
2B 6 18304282 | 22204236 | 707121 | 476404 | 384+14 | 347£029 | 1603+390
8 18104275 | 1473+297 | 685+187 | 381+11 | 293426 | 230430 | 127.0%269
| 15504245 | 999402 | 349+45 | 234+52 | 18718 | 125+15 | 1243+299
0 207+374 | 33004358 | 337.7+333 | 4353+555 | 51774585 | 54374409 | 1015+199
2 | B667+167 | 886+113 | 909+191 | 793+344 | 1029+115 | 852+139 | 1107+10.1
4 15074259 | 620483 | 478+143 | 494+40 | 475+80 | 497+93 | 1013£15
. 6 7454210 | 444484 | 404+27 | 300437 | 4604134 | 354%15 | 1048+99
8 291+164 | 291499 | 263480 | 250+17 | 323488 | 300+30 | 1024+56
2 413416 | 198+58 | 127422 | 159+67 | 17.2+44 | 186+108 | 1010+46
0 45774402 | 49834343 | 5367+559 | 6347+37.2 | 760.0+239 | 8260+616 | 1140+166
2 136079 | 1058+116 | 99455 | 970+151 | 903+95 | 90.6+25 | 1187+32
4 810479 | 665+33 | 7524131 | 693+118 | 797+138 | 858+23 | 1017+76
Y 6 594406 | 582+33 | 468+22 | 471+18 | 433+29 | 383+29 | 110.0+100
8 485+20 | 370440 | 309+09 | 352+46 | 313%55 | 31.0£17 | 1067+58
2 B3+75 | 219+19 | 188+12 | 158+27 | 182+17 | 196+25 | 762+77
0 33974100 | 5333416 | 5063+11.85 | 60204131 | 6233+252 | 6133+186 | 14404304
2 2637+237 | 1M03+119 | 792+46 | 903+32 | 1022469 | 1260+46 | 119.0+145
4 837433 | 65132 | 479+46 | 626+62 | 590481 | 550+87 | 1057+125
S 6 843+40 | 446+59 | 354+24 | 445440 | 456+132 | 578404 | 1230+211
8 917476 | 418+22 | 298+69 | 360+42 | 400+79 | 454=113 | 1167+146
2 3064159 | 196421 | 129415 | 129415 | 147+13 | 151+31 | 1117£155
0 2603+117 | 33174172 | 4233+252 | 495.0+59.1 | 585.0 4439 | 6573+306 | 12804192
2 21434162 | 10194150 | 817+117 | 774498 | 822481 | 960+30 | 1553340
4 827+83 | 6654192 | 505+81 | 476+19 | 579464 | 740+49 | 1146+216
S 6 12474705 | 618+55 | 440426 | 404+78 | 437+70 | 595+130 | 1125177
8 698+104 | 465+60 | 200+34 | 31017 | 322+28 | 441+44 | 1075+210
2 3494109 | 192455 | 120422 | 102436 | 13910 | 126+37 | 117.0£207
0 2893+70 | 33934225 | 4297+200 | 5053+268 | 5957467 | 6453+413 | 2193+108
2 21004131 | 9955480 | 8244108 | 8.1+164 | 865+138 | 825423 | 1157496
4 7624181 | 658+147 | 532+119 | 543+128 | 60148 | 574+109 | 1103+64
e 6 698+76 | 447+25 | 427491 | 428483 | 464+43 | 543+163 | 1013442
8 5804139 | 348+08 | 322454 | 287422 | 344%96 | 360+135 | 111.0£158
2 3064125 | 170408 | 175435 | 167+16 | 14915 | 158+38 | 99.0+223
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Based on perceptions of the chemical nature of floccu-
lation processes, it is logical that the higher the content of
the flocculant, the more intensive flocculation is, and this
was observed during the tests.

Tests of polysept of different batches (at the concen-
tration of 0.007%) for its ability to precipitate cell debris
showed the following: after 4 hours, four of the tested
batches demonstrated a 68.3-82.0% (by 3.1-5.7 times)
decrease in turbidity, which declined to medium values
(the differences are significant, p < 0.005); batch No. 48
demonstrated a 74% (by 3.9 times) decrease in turbid-
ity after 6 hours; batch No. 343 demonstrated an 88%
(by 8.2 times) decrease in turbidity after 24 hours; batch
No. 522 demonstrated no cell debris precipitation even
after 24 hours (Fig. 2A, Table 2).

=343 ffl=522 el e 5T e T] =219 168

b

500
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300
200

Turbidity, FNU

100

0

0 2 4 6 8
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A(0.007%)

When the amount of the added flocculant was in-
creased by 1.5 times (0.0105%), six of the tested batches
demonstrated a 57-81% (by 2.3-5.3 times) decrease
in turbidity of the polymer-supplemented suspension;
however, the turbidity still remained rather high (Fig. 2B,
Table 2). After 4 hours, five PHMG hydrochloride batches
demonstrated an 80-87% decrease in turbidity, which
declined to medium values (16-100 FNU). Batch No. 343
demonstrated a decrease in turbidity after 6 hours, and
batch No. 522 did not demonstrate satisfactory cell debris
precipitation even after 24 hours.

In further tests, when polysept concentration was in-
creased to 0.05316% (by 7.5 times), rapid precipitation of
debris was observed as soon as after 2 hours. After 24 hours
(according to FMD vaccine production technology), the tur-
bidity of the suspension was 10-20 FNU, and this was indi-
cative of satisfactory flocculation (Fig. 2C-F, Table 2).

Debris sedimentation was observed in the control
samples containing no flocculant (Fig. 2G, Table 2); how-
ever, turbidity decreased only by 1.1-2.2 times as a result
of natural sedimentation, and, after 24 hours, the turbidity
still exceeded 100 FNU, being unsatisfactory in terms of
the vaccine production technology.

At the following stages of the study, the concentrations
of total viral protein and FMDV antigen composition were
determined.
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Fig. 2. Dynamics of flocculation properties of polysept batches at different polymer concentrations
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Fig. 3. Relative changes in concentrations of total viral protein (TVP) and immunogenic components of FMD virus
supplemented with polysept of different batches
The study involved the use of antigens of different Since the use of higher flocculant concentrations re-
FMDV strains, and it was therefore incorrect to apply  sulted in better antigen purification and lower anticom-
absolute measures when calculating losses at different  plementary activity of viral antigen preparations as de-
PHMG hydrochloride concentrations. In view of this, the  termined with CFT, this could probably explain a slight
losses were reported using relative measures, with mea-  rise in the content of total viral protein and immunogenic
sures in the control production sample (0.01% of polysept)  components of FMD virus when polysept concentration
taken as 100%. The test results are presented in Figure 3. was increased from 0.007 to 0.03544%.
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Table 3
Osmolality reference values for determination of polyhexamethylene guanidine
hydrochloride suitability for FMD vaccine production

PHMG hydrochloride concentration, % Osmolality, mOsm
6 260+20
8 33025
10 400+ 25
12 460 £30
14 52020

All the batches of polysept at the concentration
of 0.05316% demonstrated an 8.0-65.4% decrease in FMDV
total viral protein and immunogenic component content.
It was found that, when the turbidity of the suspension
was very high, CFT tests yielded false (erroneously low)
results, and the immunogenic component content was
14.5-39.3% lower as compared with the control (Fig. 3).

At the final stage, the osmolality of solutions of polysept
of all the tested batches was measured at different concen-
trations of the flocculant (Fig. 4). Batch No. 522 polysept
osmolality was considerably different from that of other
batches at all the tested concentrations (the differences
were significant, p < 0.001). In particular, at PHMG hydro-
chloride concentration of 6%, the osmolality of this batch
was 324 + 4 mOsm, whereas in other batches it varied
from 241 + 3 to 288 + 4 mOsm. As for 14% polymer solu-
tions, the differences were even higher: 664 + 8 mOsm in
batch No.522,and 482 + 5 and 573 = 10 mOsm in the rest
of the batches.

Thus, to determine the suitability of polysept batches
for FMD vaccine production, it is necessary to test the poly-
mer for its flocculation properties at different concentra-
tions (0.007,0.0105, 0.01575%) over the period of 24 hours.
The application of higher PHMG hydrochloride concentra-
tions is economically disadvantageous.

The production of FMD vaccines involves the use of
a 10% polysept solution. At this PHMG hydrochloride
concentration, all the batches found suitable for produc-
tion demonstrated the osmolality values that ranged from
370 mOsm to 440 mOsm. Batch No. 522 demonstrated
a higher osmolality, namely 504 £ 5 mOsm.

CONCLUSION

As a result of the tests performed, the following indi-
cators of PHMG hydrochloride suitability for FMD vaccine
production were determined:

- flocculation properties of a batch of polysept at dif-
ferent concentrations (0.0105 and 0.01575%) evaluated
in dynamics over 24 hours. After this period, the turbidity
of 0.0105 and 0.01575% polysept solutions should not ex-
ceed 30 FNU (Table 2);

- osmolality of PHMG hydrochloride solutions mea-
sured at different concentrations (6, 8, 10, 12, 14%). The
osmolality should be within the reference values specified
in Table 3.
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