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Abstract

Poly (ethylene glycol) (PEG) conjugation masks the protein’s surface and increases the molecular size of the polypeptide, thus
preventing the approach of antibodies or antigen processing cells and reducing the degradation by proteolytic enzymes. Protein
are readily denatured by numerous stresses arising in solution (e.g., heating, agitation, freezing and pH changes) or by chemic:
reactions (e.g., hydrolysis and deamidation), many of which are mediated by water. Lyophilization is most commonly used to
prepare dehydrated proteins, which, theoretically, should have the desired long-term stability at ambient temperatures. Througt
Raman spectroscopy, differential scanning calorimetry (DSC) associated with the determination of water content by Karl Fisher
titration, it was observed that after the modification of BSA—PEG in a ratio of 1:0.25 showed lower degree of structural alterations
and consequently lower variation on the physical-chemical characteristics when it was compared to BSA-PEG (1:0.5). Moreover,
the BSA-PEG (1:0.25) optimizes the conditions during the lyophilization process and storage of the protein.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Freeze—drying; Lyophilization; PEGylation; Bovine serum albumin; Glass transition; Raman spectroscopy

1. Introduction face, increases the molecular size of the polypeptide,
conveys to molecules its physical-chemical properties
PEGylation is of interest in applied biotechnology and therefore also modifies biodistribution and solu-
because upon modification it masks the protein’s sur- bility of peptide and non-peptide drugs. This property
provides new techniques in biocatalysis and in phar-
maceutical technology where many insoluble drugs are
~* Corresponding author. Tel.: +55 11 3091 3665; solubilized by poly (ethylene glycol) (PEG) conjuga-
fax: +55 11 3815 6386. tion and thus more easily administerétefman et al.,
E-mail address: pitombo@usp.br (R.N.M. Pitombo). 1995.
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Castellanos et al. (2005have demonstrated opmentofthe freeze—drying cycle. Therefore, the glass
the effectiveness of the covalent modification of transition of a lyophilized product can be studied and
alpha-chymotrypsin with methoxy-PEG to afford applied toimprove processability, quality and stability
its stabilization during encapsulation in poly (lactic- of the product Chen and Oakley, 1995
co-glycolic) acid (PLGA) microspheres by a However, infrared spectroscopic studies have docu-
solid-in-oil-in-water method. Alpha-chymotrypsin  mented that the acute freezing and dehydration stresses
was chemically modified with PEQ4,, = 5000) using of lyophilization can induce protein unfoldingp¢ng
molar ratios of PEG-to-chymotrypsin ranging from 0.4 et al., 1995%. The application of Raman spectroscopy
to 96. The results demonstrated that PEG modification to characterize natively unfolded proteins has been
was able to prevent chymotrypsin aggregation and underdeveloped, even though it has significant tech-
activity loss upon solid-in-oil-in-water encapsulation nical advantages. The structural changes as a result
in PLGA microspheres. It is demonstrated that it is of freeze—drying have been investigated, especially
essential to optimize the degree of protein modification by Raman spectroscopy. In general, drying results
to ascertain protein stability upon encapsulation. in a decrease ofi-helix and random structure and

The role of PEG in this study was acting as a modi- an increase inB-sheet structureRoy and Gupta
fier agent where a covalent bond is formed between the (2004) studied the case of basic fibroblast growth
PEG polymer and polypeptide drug of choice. Stud- factor andy-interferon. The enhanced FTIR showed
ies of PEG in solution show that each ethylene glycol large conformational changes and aggregation dur-
sub-unit is tightly associated with two or three water ing freeze—drying, which could be prevented by using
molecules. A binding process with water makes PEGy- sucrose as a lyoprotectant. In the presence of mois-
lated compounds function as though they are 5-10 ture, freeze—dried proteins can undergo disulphide
times larger than a corresponding soluble protein of interchange and other reactions, which lead to inac-
similar molecular weight. Further, the PEG polymer tivation. Such molecular changes during storage have
with associated water molecules is very mobile, and been described for human insulin, tetanus toxoid and
acts like a shield to protect the attached drug from interleukin-2.
enzyme degradation, pH and temperature changes, The underlying assumption is that IR spectral
interactions with cell surface proteins, and provides changes in the amides | and Il regions upon protein
increased size to preventrapid renal filtration and clear- dehydration are caused by protein structural changes.
ance. Ingeneral, a PEG polymeris first chemically acti- However, it has been claimed that amide | IR spec-
vated in order to react with a polypeptide drikatre, tral changes could be the result of water removal per
1993. The activated PEG derivative is then covalently se.Al-Azzam et al. (2002jhave investigated the struc-
linked to a reactive group on the polypeptide drug. ture of horseradish peroxidase (HRP) and poly (ethy-
Changes in the size, structure and molecular weight lene glycol)-modified HRP (HRP—PEG) under various
of PEG polymers can affect the biological activity of conditions (in aqueous solution, the amorphous dehy-
the attached drug. In general, PEGylation of a polypep- drated state and dissolved/suspended in toluene and
tide lowers its renal clearance, increasesits half-life and benzene) by UV-visible (UV-vis), FTIR and reso-
improves its biological activityHarris et al., 2001l nance Raman spectroscopy. The resonance Raman and

Lyophilization is often used to stabilize protein UV-vis spectra of dehydrated HRP—PEG dissolved in
products with limited shelf lives in solution. There- neat toluene or benzene were very similar to that of
fore, it is not surprising that more than one quarter HRP in aqueous buffer, and thus the heme environ-
of the therapeutic protein products in the market are ment (heme iron spin, coordination and redox state)
lyophiles. The determination of the lyophilizationcycle was essentially the same under both conditions. The
is important because of physical changes that occur amide | IR spectra of HRP—PEG in aqueous buffer
in the solution during freezing and drying phases of and of dehydrated HRP—PEG dissolved in neat ben-
the process. Due to the amorphous nature of proteinzene and toluene were also very similar, and the
and stabilizer (most commonly sugars and polyols), secondary structure compositions (percentages-of
lyophilized formulations often exhibit a glass—rubber helices ang-sheets) were within the standard error the
transition that is an important parameter in the devel- same.
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The aim of the current study was to examine the Table1
effects of Iyophilization on the structural and phase Amount spent in the methoxy-polyethyleneglycol activation reaction
changes of PEGylated-BSA. The behavior of the mod- Methoxy-PEG 5000 (g) 15

ified protein during each stages of lyophilization pro- E”;'y'dacemte (mL) ide (NHS) (@) 158 86
. -Hydroxysuccinimide g )
cess was evaluated through DSC thermal analysis andgicicbhexylcarbodiimide (DCC) (g) 1.55

Raman spectroscopy.

The amount spent in the methoxy-polyethyle-

2. Materials and methods neglycol activation reaction is mentionedTable 1
) Dehydrated ethyl acetate (standard analytic ethyl
2.1. Materials acetate also fits), methoxy-PEG (already as a succinyl

) ] ] derivative), N-hydroxysuccinimide (NHS) and dici-
Crystallized bovine serum albumin was purchased ¢jhexylcarbodiimide (DCC) were poured into a glass
from INLAB (Sao Paulo, Brazi). reactor with magnetic agitation and controlled heat.

Methoxy-polyethyleneglycol 5000 (MPEG), aver-  the mix rapidly heated till complete reagents solution
age molecular weight 5000, was obtained from Sigma 44 resting for 24h at 3@ 1°C. At the end of this

Chemical Co. (St. Louis, EUA). period, the reaction mass was filtered and left resting
. for another 24 h at 5 1°C and then filtered to isolate
2.2. Methoxy-polyethyleneglycol 5000 synthesis the solid product that was washed with ice cold ethyl

acetate. Next, the product was vacuum-dried till reach

To obtain the succinyl derivative it was necessary to g constant weight. The material was then dissolved
provide the following reaction:

[o]
\
B R R

o J

J RN
/} | OH
df
Methoxy-PEG 5000 succinic anhydride succinic carboxy derivative
The reaction of methoxy-PEG activated complex is - - -
provided below: three times its mass in benzene, and then, the same
volume of petroleum ether was added, the material was
/ N\ \ cooled and filtered two more time€lark et al., 1995

/N O\
—o0 o © O\w)\o +OH—N * The final methoxy-PEG succinimide yield (obtained

following the above descriptions) was 7.47 g of dried
base.
This material was keptin flask under a nitrogen blan-

ket and used in the PEGylation reaction with bovine

I
€ ) serum albumin.

o
| H
o}
(NHS)
/

{ Y)—N=C =N

(DCC) . .
2.3. Preparation of BSA—PEG solution

VAR VAR 2 o
o o o \ A stock solution of 100 mg/mL (150—-3Q0M) BSA
WJ\ o NB\‘
| N

was prepared in 5mM phosphate buffer pH 7.4 and
exhaustively dialyzed overnight against the same buffer
at4+1°C.

It was poured into three reaction vessels, respec-
tively: 150 mL of an alkaline phosphate buffer and
Mw = 5000 100 mL of a BSA solution 40 mg/mL.

|
d

Activated complex
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It was added to each vessel, respectively, 1g —70+0.5°C. Then, the vials were transferred onto
(BSA-PEG, 1:0.25), 2g (BSA-PEG, 1:0.5) and 4g the lyophilizer shelves pre-cooled a5+ 1°C. The
(BSA-PEG, 1:1) of activated PEG 5000. primary drying was conducted at30+ 1°C (product

The solutions were kept at 301 °C and thentrans-  temperature), chamber pressure at BmTorr and
ferred to a cold chamber ati81°C, where they stayed  condenser temperature aB0+ 1°C. The secondary
“overnight”. The three samples were purified on a drying was conducted at 261°C (product tempera-
Sephadex column G150 calibrated with Tris buffer ture), chamber pressure at®® mTorr and condenser
100 mM, pH 8.6, and eluted with the same buffelark temperature at- 90+ 1°C (Fig. 4). The chamber and

et al., 1998. Then, the modified BSA solutions with  condenser pressures were evaluated by a MKS Baratron

PEG 5000 were taken into lyophilization. Type 122A Absolute Pressure Transducer. The cham-
ber pressure was controlled by a vacuum bleed valve

2.4. Lyophilization of a BSA—PEG solution mounted on the inside of the cabinetry on the top of

the chamber. It runs to the rear of the Tray Dryer to

The solutions were lyophilized in a FTS Systems, an easily accessible port. The port is equipped with
model TDS-00209-A, microprocessor controlled tray a filter that is an unlaminate Ogdn PTFE (Teflon)
dryer (Dura-Stop, Dura-Dry-MP). membrane sealed between screen supports. The end

A 2mL of an aqueous solution of BSA-PEG of primary and secondary drying was determined
(1:0.25) and (1:0.5) was filled manually into 5 mL glass by a Hygrometer Endress + Hauser Hygroguard 2550
vials (10 R) and partially closed with rubber stoppers. microprocessor controlled trace moisture analyzer. All
The freezing step was performed by placing the vials dried sampleswere stoppered under vacuum pressure at
onto ultra-freezer for 4 h with pre-cooled shelves at 50+ 5 mTorr.

- Glass Transition
Onset  -28.00 °C
Midpoint -27.85 °C

Left Limit -28.61 °C
50
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Fig. 1. DSC thermogram of BSA—PEG solution (1:0.25), illustrating the events occurred during the heating of frozen sample.
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2.5. Determination of glass transition temperature ing/heat flow of C/min. TheT, é andTy values were

measured through five analyses for each BSA-PEG

The glass transition temperature of a BSA—PEG ratio.
solutions (Té) and dried samplesT() were deter-
mined by DSC using a METTLER TOLEDO DSC  2.6. Structural analysis
822 unit. The DSC was calibrated using mercury and
indium standards, with onset temperatures-88.87 The secondary structure of BSA—PEG solution and
and 156.6C, respectively. For the frozen solutions dried samples were determined by FT-Raman spec-
the samples were frozen a50°C, and then warmed  troscopy using a BRUKER FRA 106/S Raman module
at 0°C, both using a cooling/heat flow of°&/min on an IFS 28/N. All spectra were the average of 200
and Nitrogen flow rate of 50 mL/min. In order to pre- scans for solid samples and 4000 scans for solutions at
vent contamination of the dried samples by moisture 4 cm1 resolution. All experiments were performed at
in the surrounding air, the lyophilized samples were room temperature (2).
weighed into aluminium DSC pans in a dry box filled The structural analysis was conducted on native
with air of equilibrated residual humidity (rh), achieved solution, lyophilized powder and lyophilized material
by the presence of anhydrous phosphorous pentox-reconstituted.
ide as a desiccant. A portable hygrometer monitored  For spectral acquisition tubes were filled with:
humidity in the dry box. The samples were frozen at 150 mL of solution sample; 30 mg of solid sample;
0°C and then warmed at 6C, both using a cool- 150 mL of rehydrated sample.

Heat flow

| Glass Transition
Onset -15.12°C
Midpoint -10.81 °C
Left Limit -21.13°C
33 Right Limit -8.66 °C .
m P i .‘! I
T
10
mW
1
-22.0 -20.0 -18.0 -16.0 -14.0 -12.0 -10.0 -8.0 °C

T T T T T T + T 3 T t T t T T T
30.6 30.8 31.0 31.2 314 316 318 320 320 324 326 328 33.0 332 334 min
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Fig. 2. DSC thermogram of BSA—-PEG solution (1:0.5), illustrating the events occurred during the heating of frozen sample.



V. Tattini Jr. et al. / International Journal of Pharmaceutics 304 (2005) 124—134

129

Glass Transition
Onset -14.14 °C
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Fig. 3. DSC thermogram of BSA—-PEG solution (1:1), illustrating the events occurred during the heating of frozen sample.

This procedure was conducted under controlled rel-
ative humidity (dry box) achieved by the presence of
anhydrous phosphorous pentoxide as a desiccant. A
portable hygrometer monitored humidity in the dry
box.

2.7. Determination of water content

The water content of BSA—PEG freeze—dried sam-
ples was determined by Karl Fisher titration using a
METTLER TOLEDO DL 31 Karl Fisher Titrator.

It was added a known amount of anhydrous
methanol with a syringe to the lyophilized BSA-PEG
container. The methanol has dissolved the sample.
Known amounts of sample and methanol are with-
drawn and added to the Karl Fisher titration vessel for
moisture determination. The moisture content of the
anhydrous methanol is determined as the bl&ik4,
1990.

40 T T T T T T T 2500
204
-2000
O 04 Shelf T
o Temperature (_I;
[}
O 204 .
= 20 1500 <_£‘
© ()
g ™~ BSA-PEG \BSA'PEG E 1000§
g 60 (10.5) (1:0.25) §|
= Condenser Chamber ol
.80 Temperature Pressure 4500
-100 0
— T v T v T v T " T v T v 1
0 200 400 600 800 1000 1200 1400

Time (minutes)

Fig. 4. Comparison of lyophilization process of BSA-PEG (1:0.25)
and (1:0.5). The samples presented the same behavior during the
process.
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tallization peak due to the strongly amorphous charac-
teristics during it's freezing.

Figs. 1-3represent the DSC thermograms of the Amin et al. (2004)have used the PEG as cosol-
BSA-PEG (1:0.25), (1:0.5) and (1:1), respectively. vent system and they have observed that addition of
During the rewarming step, all samples presented a PEG 400 to commonly used bulking agents, such as
change in the heat capacity in the baseline. This base-mannitol, sucrose or polyvinylpyrrolidone, caused a

3. Results and discussion

line shift is related to glass transition temperatm&).(
The glass transition temperatures wer28, —11 and
—13+1°C for the BSA-PEG (1:0.25), (1:0.5) and
(1:1), respectively. After th&g an exothermic peak was

significant change in the thermal properties of the
bulking agents as observed by modulated differential
scanning calorimetry. In addition, PEG 8000 was eval-
uated as a bulking agent because it also can function

observed for the BSA—PEG (1:0.25) and (1:0.5). This as a cosolvent in solution and forms an acceptable
peak refers to the recrystallization of some BSA-PEG cake after lyophilization. Addition of PEG 400 to PEG
solution compounds, as for instance, the phosphate 8000 caused negligible changes in the thermogram of
bufferinto the solution and also the polyethylene glycol this bulking agent. Surprisingly, the combination of
recrystallization. PEG 8000 and PEG 400 forms a solid lyophilized

According toRadaev and Sun (20Q2juring freez- cake. The current system can be best described as
ing PEG has the tendency to crystallize. However, this the lyophilization of a miscible solution of PEG 8000
characteristic is dependent to size and concentration ofand PEG 400 resulting in a lyophile that has a crys-
PEG. On the BSA-PEG (1:1) the solution showed a talline structure of PEG 8000, which is able to support
well-defined glass transition temperature without crys- PEG 400.

Heat flow
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Fig. 5. DSC thermogram of BSA-PEG lyophilized (1:0.25) illustratingZpeluring the heating of the sample. Residual moistaré.4%).
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Midpoint 41.33 °C
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Right Limit 56.93 °C

20 30 40 50 60 °C
|
I
8

T T
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Fig. 6. DSC thermogram of BSA-PEG lyophilized (1:0.5) illustratingTheluring the heating of the sample. Residual moiste#8.8%).

The BSA-PEG (1:0.25) and (1:0.5) lyophilization Figs. 5 and @represent the DSC thermograms of
were conducted under the same conditions (tempera-the BSA—PEG (1:0.25) and (1:0.5) lyophilized pow-
ture, pressure and time). der, respectively. A raise offiy value of the mate-

In Fig. 4, no difference can be seen related to rial can be noted. The glass transition temperature
the BSA-PEG (1:0.25) and (1:0.5) behavior during of lyophilized samples were 221 and 41+1°C
lyophilization. However, the continuity of BSA-PEG for BSA-PEG (1:0.25) and (1:0.5), respectively. The
(1:1) studies was not possible because of the difficul- BSA-PEG (1:0.25) presented an endothermic peak at
ties found during the lyophilization of the material. 57+ 1°C and it is related to the material decomposi-
The BSA-PEG (1:1) presented a jelly-kind material tion during the sample heating. The same event was not
preventing water from subliming during the primary observed during the BSA-PEG (1:0.5) heating.
drying. It takes more then 50 hto dry and even so atthe  Structural information is obtained through the anal-
end of the process the cake had showed collapse signsysis of the conformationally sensitive amide | band,

After the lyophilization process it was determined which is located between 1600 and 1700¢mThis
the residual moisture of the lyophilized powder by band is due to the in-plane=© stretching vibration,
Karl Fisher titration. The BSA-PEG (1:0.25) showed weakly coupled with €N stretching and in-plane-NH
residual moisture between 4.3 and 6.4% (w/w) and bending. Eachtype of secondary structure (@ehelix,
the BSA-PEG (1:0.5) between 2.3 and 5.3% (w/w). B-turn and disordered) gives rise to a different@
Even the lyophilization cycle were conducted under the stretching frequency and, hence, has a characteristic
same parameters for both BSA-PEG rates we could band position, which is designated by wavenumber
suppose that as higher the PEGylation rate higher (cm~1). Band positions are used to determine the sec-
the hydrophilic groups linked to BSA consequently ondary structural types presentin a protein. An analysis
smaller the water retention by the system. of the infrared bands in the amide | region can pro-
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BSA-PEG solution (1:0.25)
——— BSA native solution
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Fig. 7. Comparison of Raman spectra of BSA native solution (10%)
and BSA—-PEG solution (1:0.25).

vide quantitative as well qualitative information about
the secondary structure of the prote@afpenter et al.,
1998.

Figs. 7-9compare the Raman spectrum between
native BSA solutions and different PEGylation
rates of BSA—PEG solutions. It was observed that
the modification of bovine albumin with methoxy-
polyethyleneglycol induced structural alterations in the
protein conformation. This fact is related to the differ-
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Fig. 9. Comparison of Raman spectra of BSA native solution (10%)
and BSA-PEG solution (1:1).

(1:1). In the amide Il region, the bands between 1230
and 1240cm?! were attributed to the fact that the
B-sheet structures also presented spectral alterations,
whenever in position as in the intensity, after PEG con-
jugation.

The intensity increase in th@-sheet structures
related bands is a characteristic sign of protein
aggregation, inducted by the raise of intermolecular
interactions between the *Hgroup, because those

entintensities and localization of the absorbance peakspolarized groups need to satisfy the necessity of

in the Raman spectrum.

A a-helix structure loss was indicated by inten-
sity diminution at 1654 cm! band. The BSA-PEG
(1:0.25) presented lesshelix (1654 cnm?) structural
variation when compared to BSA-PEG (1:0.5) and

BSA-PEG solution (1:0.5)

2000857 — BSA native solution
1 o-helix -
a-helix
0,0030+ GCN amide I~/
| . / B-sheet i
HE amide Il

Raman intensity (arbitrary unit

1200 1350 1500 1650

Wavenumber (cm-1)

900 1050

Fig. 8. Comparison of Raman spectra of BSA native solution (10%)
and BSA-PEG solution (1:0.5).

hydrogen links through intra or intermolecular inter-
actions occasioned by water removal. The native
bovine albumin has in its structure more quantity
of hydrophilic groups not available in comparison
with BSA-PEG. We can observe that the higher the

— BSA-PEG (1:0.25) lyophilized
BSA-PEG (1:0.5) lyophilized
- BSA native lyophilized

o-helix
amide |

0,024 a-helix

amide Il
B-sheet
amide Il

a-helix

0,018 owhel

Raman intensity (arbitrary unit)

1650

1200 1350 1500

Wavenumber (cm-1)

900 1050

Fig. 10. Comparison of Raman spectra of BSA native lyophilized
and BSA-PEG (1:0.25) and (1:0.5) lyophilized.
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— BSA-PEG (1:0.25) native solution
BSA-PEG (1:0.25) rehydrated

0,0020
0,00154
0,0010—w

0,0005

Raman intensity (arbitrary unit)
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Fig. 11. Comparison of Raman spectra of BSA—PEG (1:0.25) native
and rehydrated solution.

quantity of PEG linked to the BSA, the lower will be

133

Il regions presented structural alterations at different
levels in relation to the different PEGylation rates.

The maintenance of bovine albumin structural con-
formation is directly related to water retention through
the NH groups linked to lysine. The 1000 cthwave-
length band related to the-helix (C—C—N) practi-
cally disappeared after BSA modification with PEG
at (1:0.5) ratio.

After rehydration of the Iyophilized powder,
the intensity distribution on band between 1320-
1340cm ! related to the aliphatic lateral chains was
higher for the BSA-PEG (1:0.25).

The lyophilization-induced spectral alterations in
the conformationally sensitive amide | region are due
to protein unfolding and not simply to the loss of
water from the protein. The intrinsic effects of water
removal on the vibrational properties of the peptide
bond, and hence protein infrared spectra, were found

the maintenance of the secondary structure, occurredio pe insignificant byPrestrelski et al. (1993)f the

by the low water retention by hydrophilic groups.
In Fig. 10 we observed that the lyophilized

direct vibrational effects of water removal were respon-
sible for drying-induced spectral changes, then the

BSA-PEG (1:0.25) presented a better maintenance ofinfrared spectra of all proteins should be altered to the
the secondary structure of the protein than BSA-PEG same degree in the dried solid, which is not the case

(1:0.5). This result can also be related to a lower alter-

ation or ruptures of the hydrogen bridges and van der

Waals forces.
Figs. 11 and 18howed that the BSA-PEG (1:0.25)

presented better results of structural maintenance,

after lyophilization and rehydration when compared
to BSA-PEG (1:0.5). Three bands (1620, 1630 and
1690 cnt 1) attributed to antiparall@-sheet vibrations

suffered different alterations levels. The amides | and

— BSA-PEG (1:0.5) native solution
BSA-PEG (1:0.5) rehydrated
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Fig. 12. Comparison of Raman spectra of BSA—PEG (1:0.5) native
and rehydrated solution.

(Carpenter et al., 1998
It was observed two different behaviors of BSA—
PEG lyophilized powder related with structural unfold-

ing:
e the BSA-PEG (1:0.25) regains the native conforma-
tion upon rehydration (reversible unfolding);

e a significant fraction of BSA-PEG (1:0.5) aggre-
gates upon rehydration (irreversible unfolding).

Ithas been documented through several proteins that
prevention of aggregation and recovery of activity after
rehydration correlate directly to retention of the native
structure in the dried soliddarpenter et al., 1998

4. Conclusions

The present work allowed us to expose the following
conclusions:

o Afterthe bovine albumin conjugation with methoxy-
PEG, the BSA-PEG (1:0.25) presented a lower
degree of the structural alterations and also a lower
variation in the physical-chemical characteristics of
the protein when compared to BSA-PEG (1:0.5) and
(2:2).
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e The bovine albumin conjugation with methoxy-PEG glycol)-modified horseradish peroxidase in organic solvents:
has increased the glass transition temperature for  infrared amide I spectral changes upon protein dehydration are

the protein solution as for the Iyophilized powder largely caused by protein structural changes and not by water
' removal per se. Biophys. J. 83, 3637-3651.

optimizing thg_lyophlllzatlon process and also the Amin, K., Dannenfelser, R.M., Zielinski, J., Wang, B., 2004.
storage conditions below the collapse temperature | ygphilization of polyethylene glycol mixtures. J. Pharm. Sci.
of the material. 93, 2244-2249.

e The critical parameterg‘&' Tp, Ts, Pc andTg) for Car.penter, J.F., Prestrelski, S.J., Dong, A., 1998. App!if:ation of
the lyophilization process and storage conditions of 't’;;a]fs:’msu‘?:flgr?ss o IJO gﬁ\;er:ﬁp;zgthzfr;taﬂe Izysolphzllcl«;zsed e
the modified BSA—PEG_for the (1:0'25)’ (1:0'5) and Castellanos, 1.J., Al-Azzam, W., Griebenow, K., 2005. Effect of
(1:1) rates were determined. the covalent modification with poly (ethylene glycol) on alpha-

o The results obtained suggest a more profound study  chymotrypsin stability upon encapsulation in poly (lactic-co-
to determine the ideal rate of PEGylation, as the  glycolic) microspheres. J. Pharm. Sci. 94, 327-340.

molecular modification of the BSA resulted in dif- Chen, T., Oakley, D.M., 1995. Thermal analysis of proteins of phar-
maceutical interest. Thermochim. Acta 248, 229-244.

ferent levels of structural aIter'atlons, amajorimpor- - . ' “oison, K., Fuh, G., Marian, M., Mortensen, D., Teshima,
tance factor for the preservation of biological prod- G.,Chang, S., Chu, H., Mukku, V., Canova-Davis, E., Somers, T.,
ucts. Cronin, M., Winkler, M., Wells, J.A., 1996. Long-acting growth
hormones produced by conjugation with polyethylene glycol. J.
Biol. Chem. 271, 21969-21977.
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