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PHYSICO-CHEMICAL AND BIOLOGICAL PROPERTIES
OF SOLVENT/DETERGENT TREATED IMMUNOGLOBUIN G
PREPARATIONS

Protein composition homogeneity, fraction composition, molecular weight composition, anticomplemen-
tary activity, anti-A and anti-B haemagglutinins, specific activity, and pyrogens were studied in intramuscular
and intravenous immunoglobulin G preparations, treated and non-treated with solvent/detergent mixture for
virus inactivation. Physico-chemical and biological properties retention is shown. Quality of immunoglobulin
preparations was improved due to purification by the methods of anion- and cation- exchange preparative low
pressure liquid chromatography.

Keywords: immunoglobulin preparations, virus inactivation, solvent/detergent, chromatography puri-
fication.

Immunoglobulins as antibodies provide highly specific protection against attacks in an organ-
ism. The main function of immunoglobulins is the antigen binding, neutralizing of bacterial toxins,
viruses, voiding their penetration into cells. These molecules provide antiviral and antimicrobial
protection. Immunoglobulin functions are related to Fc-region of the molecule, which, while bind-
ing to reticuloendothelial system cells and complement components, helps in the invader opsoniza-
tion, phagocytosis activation, and lysis.

Usage of immunoglobulin preparations for intramuscular and intravenous injection is consid-
ered to be a priority area in immunotherapy and immunoprophylactics of infectious diseases [2, 6,
11, 12, 19, 20].

The viral safety is the main problem in immunoglobulin preparations manufacturing from donor
blood plasma. The production process, which must include virus inactivation and removal steps
with proved efficiency, has to play the key role in the safety insurance. Many virus inactivation
techniques may affect physico-chemical properties, stability, specific activity, and half-life of immu-
noglobulin in the organism, resulting in the decline of drug efficiency [1]. Virus inactivation method
must provide the assured safety on the one hand, and retention of native structure and functions on
the other hand.

This is why the investigation of physico-chemical and biological properties of solvent/detergent
(S/D) treated immunoglobulins appears to be so important.

Materials and methods

Three immunoglobulin G medications, produced by the Cohn (modification B) alcohol precipi-
tation method [ 18] manufactured by JSC Biopharma, were studied: Human normal immunoglobulin
for intramuscular administration 10%, Venoimmune 5 % (pepsin treated intravenous immunoglobu-
lin), and Bioven Mono 5 % (unmodified intravenous immunoglobulin).

S/D virus inactivation and chromatography purification was performed according to [8,9].

S/D treated batches were compared to non-treated ones of the same preparations. The next quan-
tities of S/D treated and non-treated full-scale batches, respectively, were used in the study: Human
normal immunoglobulin for intramuscular injection 10 % — 60 and 28; Venoimmune 5 % — 19
and 22; Bioven Mono 5 % — 11 and 7.

Protein composition homogeneity (electrophoretic purity) was determined by zonal electro-
phoresis method [4, 5]. Protein fractions identification was made by comparison with human blood
plasma electrophoregrams. Electrophoregrams were processed using TotaLab V.2.01 Software (GE
Healthcare, USA).

Fraction composition was determined by immunoelectrophoresis method [4, 15]. The position
and number of precipitation bands were compared to those of the human blood serum.
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Monomer, dimer, aggregates, and fragments determination (molecular-weight composition)
was performed by high performance size-exclusion chromatography [4]. Chromatography column
TSKgel G3000 SW*! 7.5x600 mm (Supelco 805103) and reference preparation (industry standard)
0OCO 42-28-301-06 I1 (Tarasevich SISC, Moscow) were used.

Anticomplementary activity (ACA) was determined in the complement binding reaction [14].

Anti-A and anti-B haemagglutinins were determined according to [4].

Specific antibodies activity to antistaphylolysin was determined by neutralization reaction
[13, 15], to versatile virus — by passive haemagglutination reaction [15], to Hbs-antigen — by Elisa
method according to commercial kit’s manual [15].

Pyrogens were determined according to [4].

Student’s method for pairwise-independent variants was used [16], to estimate the statistical
significance.

Results and Discussion

Development of virus inactivation technique for immunoglobulin preparations is complicated
due to the high lability of the protein molecule, which can be denaturated under certain physico-
chemical conditions. This may result in changes of the functional behavior.

The molecular-weight composition is one of the most important criteria of immunoglobulin sta-
bility. The presence of polymers and aggregates in immunoglobulin preparations can lead to hypo-
tensive effect when administered intravenously, this factor ensures harmlessness and tolerability of
the preparation. Non-specific complement activation caused by aggregates is proved to be a reason
of adverse reactions during intravenous immunoglobulin administration [3, 7, 22]. To investigate ag-
gregates and fragments behavior during chromatography purification the venoimmune preparation
solution was purified on the small scale. High aggregates concentration was intentionally induced by
incubation in 1 M NaCl solution. The fragments (20-25 %) are generated by pepsin treatment during
manufacturing process. The molecular-weight composition was determined before and after each
purification step. Chromatograms of some fractions are presented in Fig. 1. Aggregates are removed
from the solution at the 1% purification step (anion-exchange chromatography on the diethylami-
noethyl adsorbent). Monomer, dimer and fragments do not interact with the adsorbent in the chosen
conditions (Table 1). The aggregates are retained, possibly losing their solubility in the buffer used.
No significant changes were observed in the fragments composition. All S/D treated preparations
studied complied requirements for molecular-weight composition even on the 6™ month after shelf-
life period expiration.

1*1072, Abs. units.
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Fig. 1. Chromatograms of small-scale Venoimmune sample before (a)
and after chromatographic purification (b). 1 — polymers and aggregates, 2 — immunoglobulin G dimmer,
3 - monomer, 4 — fragments Fab,, 5 — fragments Fab,
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ACA is one of the most critical values affecting tolerance to intravenous immunoglobulin ad-
ministration [21]. According to requirements [4, 17], acceptable limit of complement binding activ-
ity is not more than one haemolytic unit CH, per one milligram of protein. No significant change
was observed in ACA after aggregates removal by chromatography (Table 1).

For immunoglobulin preparations determination of ballast plasma proteins by cellulose acetate
electrophoresis is mandatory. A significant difference was determined: S/D treated batches had a
lower amount of impurities as compared to non-treated ones (Table 1). Examples of electrophore-
grams and software data processing are presented in Fig. 2.
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Fig. 2. Electrophoregrams (a) and densitograms (b,c,d) of immunoglobulin samples — non-treated
(a: lanes 1,2 and b) and treated (a: lanes 3, 4, 5 and ¢); normal human plasma (a: lane 6 and d).
1 — immunoglobulin G; 2 — B-globulins; 3 — a-globulins; 4 — albumin.

Foreign proteins presence is undesirable, since every protein from plasma pool acts as an antigen
for a separate organism. Besides the main fraction, immunoglobulins may contain different quanti-
ties of ballast proteins — albumin, plasminogen, immunoglobulins A and M, which may cause ad-
verse reactions. For example, patients with selective immunoglobulin A deficiency produce anti-IgA
antibodies. Such patients must receive immunoglobulin G preparations with low immunoglobulin A
concentration in order to avoid adverse reactions [3, 6]. A number of commercial immunoglobulin
G preparations from the world leading companies, having the same quality, differ in price, because
they contain different immunoglobulin A trace concentrations [3]. Obtained data testify to additional
removal of contaminating proteins, including immunoglobulins A and M, during chromatographic
purification (Table 1). Immunoelectrophoregrams of S/D treated and non-treated immunoglobulin
preparations are presented in Fig. 3. Most studied S/D treated samples show a higher homogeneity of
fraction composition as compared to non-treated ones. Only 1 or 2 precipitation bands are visible.
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Fig. 3. Immunoelectrophoregrams of the following samples: a — human plasma serum, b — treated
immunoglobulin sample, ¢ — non-treated immunoglobulin sample. 1 — albumin, 2 — immunoglobulin M,
3 — immunoglobulin A, 4 — immunoglobulin G.

An important item to study, even after an insignificant change of the manufacturing process, is reten-
tion of biological activity of immunoglobulin, which determines clinical efficiency of the prepara-
tion. For the proper assessment of molecule functional condition, specific activity determination of
no less than two types of antigens (one virus and one bacterial) should be carried out. According to
normative documentation [17], antibodies to antistaphylolysin were determined.

Neutralization of viruses with antibodies is a mechanism of hepatitis B transmission risk reduc-
tion. That is why, according to international regulations, all immunoglobulin preparations (normal
and specific) should be assayed for hepatitis B surface antigen antibodies (anti-HbsAg). According
to actual Ukrainian requirements [4], anti-HbsAg activity for immunoglobulin preparations should
be no less than 0.5 TU/g. WHO recommends this value to be no less than 1 TU/g [21].

A comparison of antibodies activity shows no statistically significant difference for the treated
and non-treated immunoglobulin batches (Table 1).
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Chromatographic purification results in a decline of haemagglutinins amount. If they are present
in high amounts in intravenous immunoglobulin medications, haemolytic reactions may occur. This
is especially important when administered to premature infants [3, 19]. Anti-A and anti-B haemag-
glutinins titer must be no more than 1:64. Fifteen tested S/D-treated samples of intravenous im-
munoglobulins show as low haemagglutinins levels as 1:8—1:16. Preparations are safe in respect of
haemolytic reactions.

Bacterial endotoxins cause pyrogenic reactions. According to pharmaceutical regulations, im-
munoglobulins are considered to be not pyrogenic in the case, if, after being injected to experimental
animals, in no one of three temperature readings, a rise (or decline) by more than 0.4 °C is observed.
The sum of the maximal body temperature changes must be no more than 1.2 °C.

The testing of 45 full-scale non-treated immunoglobulin batches showed maximum allow-
able pyrogen values (1.1+0.3 °C) in 68 % of cases. For S/D treated samples (112 batches) this
value amounted to 0.6+0.3 °C. The difference is statistically significant (1** acceptance probabi-
lity threshold). Even more, non-treated immunoglobulin samples with pyrogen values in the range
of 2.2-4.5 °C (4 cases) showed a temperature decline after S/D treatment to the values as low as
0.4-1.1°C.

Conclusions

The elaborated S/D virus inactivation and chromatographic purification technique ensures the
retaining of protein physico-chemical and biological properties. No significant changes in ACA
and antibodies activity were observed. The additional removal of trace impurities during chroma-
tographic purification improves quality and safety of pharmaceutical immunoglobulin G prepara-
tions.
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@OI3UKO-XIMIYHI I BIOJIOT'TYHI BJJACTUBOCTI ITPEITAPATIB
IMYHOIUIOBVYJIIHY G,
OBPOBJIEHUX COJBBEHT/JETEPTEHTHUM CITOCOBOM

Pesome
JocmimpKyBanu OTHOPIAHICTh OUTKOBOTO CKiaxy, (pakuiflHHH CKJIag, MONEKYIIPHO-MAaCOBHM CKIiam,
AQHTHKOMIUIEMEHTAPHY aKTHBHICTh, aHTH-A Ta aHTH-B reManmioTHHIHH, CleUU(idHy aKTHBHICTb, MIPOTCHH Y
BHYTPILIHBM I30BUX Ta BHYTPIIIHbOCYIMHHHUX Mpernaparax iMyHoro0yniny G, siki pOXOJHIU Ta He TPOXOAUIH
CTajil0 iHAKTHBALil BIpYCiB CONMbBeHT/meTepreHTHHM MetogoM. [lokazaHo 30epexkeHHS (i3HKO-XiMIYHHX
Ta OIOMOriYHUX BIACTHBOCTEH mpemapariB. 3aBISKH OUYHINCHHIO METONAMH aHIOHO- Ta KaTiOHOOOMiHHOT

npenaparuBHOI XpoMarorpadii HU3bKOTO THCKY, JOCSATa€ThCS MOKPAIICHHS SIKOCTI MPEHapariB iMyHOIIO0YITiHY.

Ko uoBicuno B a mpenapaTd iMyHONIOOysTiHy, iHaKTHBALis BipyciB, COJBBEHT/AETEPIEHT,

xpomarorpadiuHi METOAN OUHILCHHS.
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DOU3NKO-XUMHUYECKHUE U BUOJOTMYECKHUE CBOMCTBA
IHPEITAPATOB UMMYHOIJIOBYJIMHA G, OBPABOTAHHBbIX
COJIBBEHT/JETEPTEHTHBIM CIIOCOBOM

Pesome

HCCHSI{OB&J’II/I OIHOPOAHOCTDH GCJ'JKOBOI'O cocrTaBa, (l)paKLII/IOHHLIﬁ cocras, MOJ'IeKyJ'IS{pHO-MaCCOBI:Iﬁ cocCTas,
AHTUKOMIUIEMECHTAPHYIO AaKTUBHOCTb, aHTH-A W aHTH-B TEMarrIrOTUHUHBI, CHGHI/I(I)I/I'-ICCKy}O AKTHBHOCTb,
IHUPOreHbl BO BHYTPHUMBIIICYHBIX U BHYTPUBCHHBIX IIp€raparax PIMMyHOl"J'IOﬁyJ'H/IHa G, NPOXOAUBIIMX WU HE
NPOXOAMBIIMX CTAAUI0 HWHAKTHUBAILlMUM BHUPYCOB COJ'ILBeHT/Z[eTepFeHTHLIM METOI0M. TToxa3ano COXpaHCHUE
(bI/ISI/IKO—XHMH'-IeCKI/IX u 6I/IOJ'IOFI/I‘{CCKI/IX CBOMCTB TnpenapartoB. Bnaroz[apﬂ OYHUCTKE METOAAMHM AHHOHO- H
KaTPIOHOOﬁMCHHOﬁ npenapamBHoﬁ XpOMaTOl"pa(bI/H/I HU3KOI0 MOaBJICHUA, NOCTUracTCs YIYyHYIICHUE Ka4eCTBa
npenapaToB IMMYHOIIIOOYITHHA.

KnwoueBrecnanosa: npenaparsl PIMMyHOFIIOGyI[PIHa, WHaKTUBallUs BUPYCOB, COHBBCHT/HeTepFeHT,

xpOMaTorpadpnquKue MECTO/IbI OYHUCTKH.
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