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Short Communication 

Determination of N-hydroxysuccinimidyl-activated 
polyethylene glycol esters by gel permeation 
chromatography with post-column alkaline hydrolysis 

(First rcccivcd Scptcnrbcr 4th. IYY$: twiscd twtnuscript twrivcd Ntww~bcr 9th. lyy2) 

INTRODUCTION 

Administration of proteins for therapeutic trcat- 
mcnt is sevcrcly hampered by short half-lives in the 
circulatory system. it has been shown that the cova- 
lent attachment of polycthylcnc glycols, most often 
of M, 5000, to cnzymcs and proteins has a major 
affect on their activity and physical properties. In 
particular. scvcral reports have dcmonstratcd the 
cffcct of incrcascd circulating lives from the USC of 
such polyothylcnc glycsl (PEG) conjugates without 
any complications arising from immunogcnicity 
[1.2]. 

The protciw PEG rtdducts we typically prcpwrcd 
by reaction of tho proteins with N-hydroxysuccini- 
midyl-activated PEG cstcrs. These uctivc cstcrs arc 
very unstable under uqucous conditions. There arc 
few analytical methods available for determining 
the purity of thcsc activated esters. The only prcvi- 
ously rcportcd method involved liberation of N-hy- 
droxysuccinimidc under alkaline conditions and 
following the increase in absorption at 266 nm 131. 
This mcthod provides only an cstimatc of the acti- 
vatcd PEG ester since it will also dctcrtninc any free 
N-hydroxysuccinimidc and rulatcd degradation 
products present which may have been derived 
from the uctivatcd ester or reaction products. This 
report describes an on-lint HPLC mcthod with 
post-column hydrolysis for the dctormination of in- 
tact activated PEG ester. 



MIYII-tODS AND MATERIALS Ana&% t$‘at*tivc rrstcr in SS-MPEG 

N-Hydroxysu~inimidc (NHS) and methoxypo- 
lycthylene g!yco!succinimidyl succinatc (SS- 
MPEG) were obtained from Sigma (St. Louis. MQ, 
USA), HPLCgrade tetrahydrofuran (stabilized 
with 0.029% butylated hydroxytolucnc) was pur- 
chased from Fisher Scientific (Santa Clara, CA, 
USA). 

Chromatography of PEG SO00 standard gave: no 
response when analyzed in the current system. Fig. 
1 shows the chromatogrum obtained from 2 pg free 
NHS. The calibration ptot curved toward the y-axis 
and was best fit with a non-linear model. _V = Q~.Y + 
aZx2. For the standard curve shown in Fig. 2, the 
best fit for the standard curve was obtained from 
the binomial equation 

The chromatographic system consisted of u Kru- 
tos Spectroflow 400 system equipped with u Kratos 
URS 051 post column delivery pump. A single mix- 
ing coil, 2 ml, was found to be suflicient for com- 
plete hydrolysis and was used at room tcmperaturc. 
The tibcration of NHS was monitored with a Shi- 
madzu SPD-6A UV detector set at 266 nm. 

?‘= 1.1391 - 10’” + 0.52097s 4” 1.9164 * IO- 2, 

R” = 0.999. 

Fig. 3 shows the chromatogrum obtained from 

Samples for analysis (0.2536) are prepared by 
weighing an amount of SS-MPEG into tetrahydro- 
furan. An aliquot, 100 jtt. is injected into a gel per- 
meation column (GZOOHXL, 30.0 cm x 7.8 mm) 
obtained from Supelco (Bcllefontc, PA, USA). The 
clucnt is tctrahydrofuran at a few-rate of 0.5 ml/ 
min and the separated activated ester pusscs directly 
into the post-column system where it is hydrolyzed 
by 0.1 M sodium hydroxide delivered at OS m!/min. 

SS-MPEG when separated by size-exclusion chro- 
matography and hydrolyzed by sodium hydroxide 
in the post-column reaction system. The major peak 
represents the M, 5000 PEG ester while the peak 
that etutes ahead of it is considcrcd to be a higher- 
molecular-mass PEG ester. The fret NHS present 
was determined to be 0.2%. Determination of the 
amount of activated ester present in the original 
sample was based on the assumption that a sin&c 
moi of NHS/mol activated ester was present in the 
original sample. The content of activated ester. SS- 
MPEG, M, 5000 was found to be 63% t R.S.D. 2%. 
tt = 10). The rcportcd content by the supplier is 
> 75%. which agrees with the results !\crc when the 
hisher-molecular-mass material is inciudcd. 

Under base conditions. hydrolysis of the activat- 
cd ester proceeds rapidly with the tibcration of 
NHS. the Lrnz,% of which is 266 nm. The effect of 
post-column mixing time and temperature on the 
liberation of NHS from SS-MPEG W;IS evaluated. 
Comparison of the amount of NHS !ibcrated from 
one and two 2-m! reaction coils showed no differ- 
ence. Raising the tcmpcraturc of the post-column 
reaction coil to 70°C had no e!I’cct on the amount of 
NHS libcrutcd. Based on these results, a single 2-ml 
reaction coil at room tcmpcraturc was used for all 
subsequent determinations. In a separate series of 
experiments. a comparison was made between 0.1 
N sodium hydroxide and 0.1 M ammonium hy- 
droxidc for hydrolysing the activated ester. No dif- 
ference in the amount of activated ester rcleascd oc- 
curred, 
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Fig. 2. Calibration plot obtninai from NW tittcd to a binomial 
cxjuittion. 

CONCLUSEONS 

(1) Size-exclusion chromatography followed by 
post-column hydrolysis under basic conditions is a 
fast and relatively simple method for determining 
the purity of active succinimidyl esters. 

(2) The technique provides a method that can be 
used to determine the stability, and monitor the pu- 
rity of the ester produced by diKerent processing 
steps. 
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Fig. 3. Chromatogram obtained from SS-MPEG. 
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(3) The overall method can also be applied with- 
out modification to determine the purity of other 
activated esters, e.g., succinimidyl glutarate, sucei- 
nimidyl carbonate and succinimidyl carboxymeth- 
Yl- 

(4) One potential drawback with the described 
procedure is that quantitation is carried out using 
free NHS as the standard. if experimental factors 
adversely affect the chromatography of NHS, e.g., 
such as column adsorption, without a correspond- 
ing effect on the activated ester, then it is possible 
that variability would be introduced into the assay. 
To date, we have not observed this occurring, ‘but it 
is a valid concern worth noting. This problem could 
be overcome by using a highly pure, characterized 
activated ester as the standard for quantitation. 
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