'

—» BIOCHEMISTRY

Volume 1 Issue 1

&

M OLECULAR BloOLOGY Lt

— Full Peper

BCAMBL, 1(1), 2015 [050-056]

Organic solventsdeter mination in CNBr Sepharose CL -4B and
immunoaffinity matrix

L eonardo Gomez*, Rodolfo Valdés?, Yanet Tambara?, Yanelis Gonzales?, Janet Gar cia?
M onoclonal Antibody Department. Center for Genetic Engineering and Biotechnology. Ave 31 between 158 and
190, P.O. Box 6162, Havana 10600, (CUBA)
2Chemistry-Physic Division. Center for Genetic and Engineering and Biotechnology. Ave 31 between 158 and
190, P.O. Box 6162, Havana 10600, (CUBA)
E-mail: leonardo.gomez@cigb.edu.cu

ABSTRACT

KEYWORDS

In general, the effects of organic solvents exposure are narcosis, anes-
thesia, central nervous system depression, respiratory arrest, uUnconscious-
ness, and death. Many countries have issued several regulations to con-
trol and reduce the exposition of the personnel to this kind of solvents.
Matrix and researchers are exposed to organic solvents during the
immunoaffinity chromatography gel manufacture. In this case the manu-
facture of the immunosorbent CB.Hep-1 used for the immunopurification
of the HBsA(, active raw material of Cuban vaccines against Hepatitis B.
In this process any organic solvents are used. Gas chromatography and
total organic carbon assay were used to determine the presence of Etha-
nol, Acetic acid, Acetonitrile and Acetone. CNBr Sepharose CL-4B showed
an average 274.2 ppm of Ethanol; 28 ppm Acetic acid; 288 ppm Acetone/
Acetonitrile. In addition to this very low level of organic solventsin acti-
vated matrix, the presence of them were not detected in theimmunosorbent
therefore the risk to organic solvent exposure in the final purified antigen
does not exist. © 2015 Trade Science Inc. - INDIA
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INTRODUCTION

Know about the presence of residues organic
solvents is a very important aspect in the pharma-
ceutical productions. It is even more important if
the product is involved in the manufacturing of a
vaccine for healthy people; which should be sub-
mitted to numerous regulations and rigorous con-
trolgy.

Theterm “organic solvent” refers to a group of

volatile compounds or mixtures that are relatively
stable chemically and that exist intheliquid state at
temperatures of approximately 0° to 250°C (32° to
482°F). Usually organic solvents are classified as
aliphatic, cyclic, aromatic, and halogenated hydro-
carbons, ketones, amines, esters, alcohols,
aldehides, and ethers, but also many common or-
ganic solvents often exist as mixtures or blends of
chemica compounds?.

The acute neurotoxic effects of organic solvent
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exposureinworkersand laboratory animalsare nar-
cosis, anesthesia, central nervous system (CNS) de-
pression, respiratory arrest, unconsciousness, and
death. Chronic exposure animal studieswith alim-
ited number of organic solvents support aso the evi-
dencefor peripheral neuropathy and mild toxic En-
cephalopathy in solvent-exposed workersptd.

Epidemiologic studies of various groups of sol-
vent-exposed workers have demonstrated statisti-
cally significant chronic changesin periphera nerve
function (sensory and motor nerve conduction ve-
locities and electromyography abnormalities) that
persisted for monthsto yearsfollowing cessation of
exposure. These studies have also shown signifi-
cant increase in neurobehavioral effectsin workers
chronically exposed to organic solvents. These ef-
fects include disorders characterized by reversible
subjective symptoms (fatigability, irritability, and
memory impairment), sustained changesin person-
ality or mood (emotional instability and diminished
impulse control and motivation), and impaired in-
tellectual function (decreased concentration ability,
memory, and learning ability)™.

The affinity chromatography isatechniquewith
a higher resolution power, for purification of pro-
teinsand other biomolecules. Thistechniqueisbased
on interactions between two active biologically
molecules, which is characterized by an extraordi-
nary selectivity. Examplesof thistypeof interaction
arethe enzymatic reaction, controlled by the affinity
among enzyme and substrate or to one inhibitor, or
one cofactor, an also an antigen by itsantibody. The
matrix used in affinity chromatography can be syn-
thetic or of natura origin. Inside of supportsof natura
origin the more used are polisacaridics, the based
on agarose, the cellulose, and the dextrin. On the
other hand poliacrilamide, and esferones are aso
frequently used®. The activation of all of them
needs organic solvents.

In the manufacture process of theimmunosorbent
CB.Hep-1 for theimmunopurification of theHBsAg,
Sepharose CL-4B isemployed, which contains Etha-
nol as preserve and others organic solvents are also
used during the activation of the support to
immobilisethe antibodies.

The objective of this work was demonstrated
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that the presence of these solvents in the activated
matrix and also in theimmunogel is under the dan-
ger limit for theworkersfor the healthy people who
will receive the vaccine.

MATERIALSAND METHODS

Monoclonal antibody

CB.Hep-1 Mab was previously generated by
Fontirrochi et al.l. It recognizes the “a” determi-
nant of the HBsAg". CB.Hep-1 was purified from
ascitic fluid by Protein-A affinity chromatography.
Finally, the Mab wasfiltered through a0.2um pore-
sized membrane (Sartorius, Goettingen, Germany)
and stored at 4°C. The Mab was dialyzed in order
to exchange the buffer 20 mM tris-150 mM NaCl
pH 7.6 by coupling buffer 0.1 M Na,CO,-0.1 M
NaHCO,-0.5M NaCl pH 8.3 by mean of gel filtra-
tion chromatography. Pre-packed di sposable columns
PD-10 (Amersham-Pharmacia Biotech, Uppsala,
Sweden), with 9.1 ml of swollen Sephadex G-25 M
were used. The protein concentration (5 +0.2 mg/
ml) was determined according to the methods de-
scribed by Lowry et al.[®. This Mab is used as
immunoligand in the downstream purification pro-
cess of rec-HBsAg, employed for a commercially
available recombinant Hepatitis B virus vaccine
(Heberbiovac HBTM, Heber Biotec S.A., Cuba)“.

Matrix activation

The Sepharose CL-4B (Amersham-Pharmacia,
Upssala, Sweden) was moderately activated (7-8
umoles/ml) with Cyanogen bromide (Merck,
Darmstadt, Germany) using a modified procedure
already described by Axen and Porath™. A modi-
fied K oenig reaction determination of cyanate ester
concentration on the support was made*t,

I mmunosor bentsprepar ation

The CNBr activated Sepharose CL-4B matrix
was wetted in 1 mM HCL for 15 minutes, and
washings with 0.1 M Na,C0O,-0.1 M NaHCO_-0.5
M NaCL pH 8.3 were performed. The Mab was
coupled by covalent bonds on the support at pH 8.3
during 2 hours at 25°C by gentle stirring. The cou-
pling efficiency (6) was determined by an indirect
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method, following the formula: ¢ (%) =6/yx100.
Where, 6 is the amount of coupled protein deter-
mined asthe difference between the original amount
of ligand () and the amount detected in the filtra-
tion and washings fractions after the coupling. Add-
ing of 0.1 M glycine pH 8.0 blocked free reactive
groups. Five alternate washings with 0.1 M
C,H,O,Na-0.5M NaCL pH 4.0and 0.1 M Na,CO,-
0.1 M NaHCO,-0.5 M NaCL pH 8.3 were made.
Finaly, theimmunosorbentswerewashed and stored
in phosphate buffered saline-0.01% Tiomersa pH
7.2 a 4°C.

Gaschromatogr aphy

The samples were injected directly into a col-
umn Porapak N (2.1m of large x 4mm diameter in-
tern) on the equipment Pye Unicam PU 4550 coupled
Shimadzu C-R3A Chromatopac. Thetemperature of
the column was 160 °C and the injector and detector
200 °C. The velocity of the nitrogen flow was 40
mL/min. Thedetectorstheionization of flame (FID)
utilizes avelocity of air flow of 330 mL/min and a
hydrogen velocity flow of 33 mL/min. Therange of
amplify was 10 and the attenuation of integrator was
6 for active matrix and 4 for immunosorbents. The
flow of sampleinjected was always 10uL/min*2,

For organic solvents evaluation in the active
matrix and immunosorbent sampl es, the water used
in the wash was used as control. For washing the
matrix and immunosorbents was used five volume
of water/mL of gel.

Total organiccarbon determination

Thedetermination of total organic carbon (TOC)
is performed by the wet oxidation method on an Ol
Analytica Model 1010 Total Organic Carbon Ana-
lyzer. The sampleisinjected into theinstrument were
it is acidified and purged of inorganic carbon. So-
dium persulfateis added and this oxidant quickly re-
acts with organic carbon in the sample at 100 °C to
form carbon dioxide. The carbon dioxide from the
oxidized organic carbon is purged from the solution
and detected by ano dispersiveinfrared (NDIR) de-
tector that has been calibrated to directly display the
mass of carbon dioxide detected. This mass is pro-
portional to the massof TOC inthe sample.

RESULT AND DISCUSSION

Today the massive vaccination program is the
more important instrument for the control in global
scale of Hepatitis B. This strategy correctly apply
can conduceto eradication of theinfection by HBV
how important casual agent of mobility, lost eco-
nomic and mortality.[*3

The DNA recombinant technology and the ap-
plication in the production of substances of thera-
peutic use how vaccines, insulin human, interferon,
and other pharmaceutics products, make need de-
velopment of procedure of purification. The process
of chromatography of affinity in the purification,
separation and assays of enzymes, hormones, pro-
teins, antibodiesand other moleculeshastowin sig-
nificant interest in theindustry biotechnol ogy!4.

The method of CNBr matrix activation is quite
popular for affinity chromatography. Thisisasimple
procedure to immobilize first amine, in a short pe-
riod of time (0.2-0.4 hours) with good efficiency of
immobilization. Principa disadvantagesarethegreat
toxicity of thereactivesand theligand linkage®.

On the base on the identified adverse effects to
organic solvent exposure, the National Institute for
Occupational Safety and Health (NIOSH) of U.S.A
recommends that employers use engineering con-
trols, personnel protective equipment and clothing,
and worker education programs to reduce exposure
to organic solventg®®,

Chronic neurotoxicity in workers exposed to or-
ganic solvents over a period from months to years
includes (1) peripheral neuropathies such as axonal
degeneration seen in workers exposed to hexacarbon
solvents (e.g., n-hexane, methyl n-butyl ketone); (2)
Type 1 CNS symptoms such as fatigability, irrita-
bility, and memory impairment, and (3) Type2mild
toxic Encephal opathy, including sustained person-
ality or mood changes such asemotional instability,
diminished impul se control and motivation, and im-
pairment in intellectual function manifested by di-
minished concentration, memory, and learning ca
pacity!ie,

Inhalation and percutaneous absorption are the
primary routes of solvent uptake into the peripheral
blood, which begins within minutes of the onset of
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TABLE 1 : Gas chromatography retention times of organic solvent standards

Standard Retention time (min) Area under curve Concentration (ppm)
Ethanol 5.2 2659491 500
Acetonitrile 7.3 2654899 500
Acetone 7.6 3189073 500
Acetic acid 245 4508993 1000

exposure'”. Uptake by inhalation is the principal
route and depends on the following: solvent con-
centration in inhaled air, blood/air partition coeffi-
cient of the solvent, and duration of exposure*.

Metabolism usually results in the detoxication
of the organic solvent through formation of water-
soluble compounds that are excreted through urine
or bil€*%. However, metabolism may also produce
reactiveintermediate metabolitesthat are moretoxic
than the parent compound. These metabolites are
capable of covaently- binding to essential macro-
molecules (e.g., proteins, RNA, and DNA) and pro-
ducing toxic effects’(*"), For exampl e, n-hexane and
methyl n-butyl ketone (solventsthat produce periph-
eral neuropathies in exposed workerd' both are
metabolized to 2,5-hexanedione?”, which has shown
to have agreater neurotoxic potency than either par-
ent compound®.

The Acetone, Acetonitrile, Ethanol, and Acetic
acid may cause effects on the central nervous sys-
tem, liver, kidneys, blood, bone marrow, and respi-
ratory and gastrointestinal tracts. These substances
may also cause effects on the cellular respiration
(inhibition), resulting in impaired functions. Expo-
sure at high levels may also provoke death accord-
ing to the International Chemical Safety Cards|ICSC:
0087.

The Acetone is not classified as a human car-
cinogen; thetoxicological informationinrat isoral
way LD, is 5800 mg/kg and inhales LC_, 50-100
mg/m39, Acetonitrile concentrations> 500 ppm may
causeirritation of mucosal membranesand also can
produce nausea, convulsion and death. It istoxicin
human by ingestion or skin contact, the RFD 0.006
mg/kg based on diminution of red cellsaccount, and
hepatic lesion in rat!®,

This study started from two different samples,
first one CNBr Sepharose CL-4B matrix. This
Sepharose CL-4B normally contains Ethanol 20%

as preserve and in its activation Acetonitrile, Ace-
tic acid and Acetone (this in major concentration)
are needed. The second one is the immunosorbent
that requires the activated matrix after severa
washes with agueous sol utions before the coupling
of themonoclonal antibody.

TABLE 1 and Figure 1 showsthe chromatograms
and retention times of the standard solvents mea-
sured in gas chromatography. These results showed
aretention timeof 5.2 and 24.5 minutesfor Ethanol
and Acetic acid respectively. However in case of
the Acetone and the Acetonitrile the retention times
were almost similar (7.3-7.6), reason why this
method can not be used to discriminate among these
tow solvents.[2Y

TABLE 2 shows the amount of organic solvent
residua in the CNBr Sepharose CL-4B. No more
than 350 ppm of Ethanol wasfound in thewashed of
5 different activated matrixeswhichisunder thelimit
of exposureto this solvents, 1000 ppm in 8 hourg?,
In addition the Acetone and Acetonitrile level was
under 440 ppm. Both organic solvents have the same
retention timein gas chromatography (TABLE 1) but
thegreat part of thisfraction should correspond with
the Acetone dueto it is used in amajor proportion
during the process (24L of Acetone/1L Acetonitrile).
Nevertheless the process is safe because the limit
of exposurefor Acetoneis 750-1000 ppmin 8 hours
and 40 ppm for Acetonitrile. In three samples the
Acetic acid was not detecTABLE whilein the oth-
ers the quantities were 22 and 34 ppm. In principle
this level could be dangerous because the limit of
exposure according to United State Department of
Health and Human Service is 10 ppm but the Ord
LD, inratis3310 mg/Kgandtheinhalation LD in
mouse is 5620 ppm/hiZl, Reason why these values
of Acetic acid are not dangerous at all considering
that the time of exposure is short and all operation
are performed under powerful gas extraction cham-
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TABLE 2 : Organic solvent residues present in to CNBr Sepharose CL-4B

Samples Retention time (min) Area under curve Concentration (ppm)
ND ND ND
Water ND ND ND
ND ND ND
5.3 908551 171
CNBr Sepharose CL-4B (1) 7.7 1267196 217
24.9 100745 22
5.2 1547776 291
CNBr Sepharose CL-4B (2) 7.7 1662708 285
24.8 155502 34
5.2 1599803 301
CNBr Sepharose CL-4B (3) 7.7 2150416 368
25.0%* ND ND
5.3 1744988 328
CNBr Sepharose CL-4B (4) 7.7 1468417 251
ND ND ND
5.2 1490884 280
CNBr Sepharose CL-4B (5) 7.7 1866734 319
ND ND ND

ND: not detectable; (**) To small picks, this could not be quantified

TABLE 3 : Organic solvents residues in the immunosorbents CB.Hep-1 measured by gas chromatogr aphy

Samples Retention time (min) Area under curve Concentration (ppm)
ND ND ND
Water ND ND ND
ND ND ND
ND ND ND
Immunosorbent CB.Hep-1 (1) ND ND ND
ND ND ND
ND ND ND
Immunosorbent CB.Hep-1 (2) ND ND ND
ND ND ND
ND ND ND
Immunosorbent CB.Hep-1 (3) ND ND ND
ND ND ND
ND ND ND
Immunosorbent CB.Hep-1 (4) ND ND ND
ND ND ND
5.2 120619 4
Immunosorbent CB.Hep-1 (5) ND ND ND
ND ND ND

ND: not detectable

bers.

As it shown in TABLE 3 and Figure 1 not or-
ganic solvent was detected in the immunosorbents.
Only in one case the Ethanol was found in a very
low concentration (4 ppm). These results confirm
that theimmunosorbent is quite safeintermsof sol-
vent organic presence. Therefore it does not repre-
sent adanger at all for the production of avaccine
for human use. Additionally the results measured by
gas chromatography were corroborated by the total

organic carbon method, which is an indirect mea-
sure of organic solventsbecauseitisnot possibleto
determine which organic solvent is present in the
sample. Figure 2 showsthat the majority of organic
carbon isinthe samples of the CNBr Sepharose CL-
4B (10000 ppb) while in the immunosorbents the
organic carbon was very low in all samples evalu-
ated (<500 ppb). Therefore these results also con-
firm that there is not presence of organic solvent in
thefina preparation of theimmunogels.
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Figure 1 : Presence of organic solvents in samples of CNBr Sepharose CL-4B and |mmunosor bents CB.Hep-1

Immunosorbent CB.Hep-1 (5)
Immunosorbent CB.Hep-1 (4)
Immunosorbent CB.Hep-1 (3)
Immunosorbent CB.Hep-1 (2)
Immunosorbent CB.Hep-1 (1)

CNBr Sepharose CL-4B (5)

CNBr Sepharose CL-4B (4)
Il B B BN B B BN B .

CNBr Sepharose CL-4B (3)
CNBr Sepharose CL-4B (2)
CNBr Sepharose CL-4B (1)

0 2000 4000 6000 8000 10000 12000

TOC (ppb)

Figure 2 : Total organic carbon in CNBr sepharose CL-4B and immunosor bents CB.Hep-1

ABBREVIATIONS

NIOSH (U. S Department of Health and Human
Services). OSHA (U.S Department of labor and is
responsible for creating and enforcing workplace
safety and health regulations.

ppm (part by million).ppb (part by billion).
HBsAQ (Hepatitis B surface antigen).

Mab (Monaoclonal antibody).

TOC (Tota Organic Carbon).

CONCLUSIONS

In this work was demonstrated that the level of
organic solvents in the activated matrix and also in
theimmunogel usefor immunopurification of HBSAg
grow material active of Cuban vaccine against
Hepatitis B isunder the danger limit for theworkers
and for the healthy people who will receivethevac-
cine.
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