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bstract

A reversed-phase high-performance liquid chromatography (RP-HPLC) method for the qualitative and quantitative analysis of intact human
ollicle-stimulating hormone (hFSH) was established and validated for accuracy, precision and sensitivity. Human FSH is a dimeric glycoprotein
ormone widely used as a diagnostic analyte and as a therapeutic product in reproductive medicine. The technique developed preserves the protein
ntegrity, allowing the analysis of the intact heterodimeric form rather than just of its subunits, as is the case for the majority of the conditions
urrently employed. This methodology has also been employed for comparing the relative hydrophobicity of pituitary, urinary and two Chinese
amster ovary (CHO)-derived hFSH preparations, as well as of two other related glycoprotein hormones of the anterior pituitary: human thyroid-
timulating hormone (hTSH) and human luteinizing hormone (hLH). The least hydrophobic of the three glycohormones analyzed was hFSH,
ollowed by hTSH and hLH. A significant difference (p < 0.005) was observed in tR between the pituitary and recombinant hFSH preparations,
eflecting structural differences in their carbohydrate moieties. Two main isoforms were detected in urinary hFSH, including a form which was
ignificantly different (p < 0.005) from the pituitary and recombinant preparations. The linearity of the dose–response curve (r = 0.9965, n = 15) for
his RP-HPLC methodology, as well as an inter-assay precision of less than 4% for the quantification of different hFSH preparations and a sensitivity
f the order of 40 ng, were demonstrated. The chromatographic behaviour and relative hydrophobicity of the individual subunits of the pituitary
nd recombinant preparations were also analyzed. Furthermore, the molecular mass of individual hFSH subunits and of the heterodimer were

imultaneously determined by matrix-assisted laser desorption ionization time-of-flight mass spectral analysis (MALDI-TOF-MS). The present
ethodology represents, in our opinion, an essential tool for the characterization and quality control of this hormone, that is not yet described in

he main pharmacopoeias.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Human follicle-stimulating hormone (hFSH), a glycopro-
ein hormone synthesized by the pituitary gland and formed
y two non-covalently linked � and � subunits like the other
elated glycoproteins such as luteinizing hormone (hLH) and

hyroid-stimulating hormone (hTSH), is critically involved in
he maturation of ovarian follicles and in spermatogenesis. Con-
iderable heterogeneity associated with different hFSH prepa-
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ations has been reported, mainly related to the presence of
ifferent glycoforms [1–11]. Thus, the utilization of this hor-
one as a therapeutic agent in reproductive medicine requires
strict confirmation of the consistency of different batches of

his product. Up to now, its quantitation has been mostly based
n the classical Steelman & Pooley bioassay [12] modified by
an Hell et al. [13], or other in vitro bioassays [14–18] and on

mmunoassays [8,19–26], while its identification and analysis
ave been based mostly on sodium dodecyl sulfate poliacry-

amide gel electrophoresis (SDS-PAGE) and Western blotting
3,7,27–30], whose limitations are well known [31–33]. More
recise determinations have been obtained by isoelectric focus-
ng [4,7,27–28,30,34–36] and capillary electrophoresis [36].

mailto:mtribela@ipen.br
dx.doi.org/10.1016/j.chroma.2006.09.037
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tudies of the effects of post-translational modifications, such as
lycosylation, on the efficacy of recombinant FSH preparations
ere also reported [11,37–39]. The key role of these events in
etermining and modulating biological functions were also stud-
ed for the other three gonadotrophins, TSH [40], hLH and hCG
11].

Useful information with respect to purity, identity, potency
nd stability assessment of hFSH and pituitary hormones in gen-
ral has been provided by high-performance liquid chromatog-
aphy (HPLC) [41]. This methodology is the most frequently
tilized in safety regulations and quality control strategies of
iopharmaceuticals [42]. The assessment of hFSH vial con-
ent using size-exclusion HPLC (HPSEC) with a variability
ower than 2% (filled-by-mass) is an alternative to the calibra-
ion of the final product based on in-vivo bioassays (filled-by-
ioassay) that presents an intrinsic variability of up to 20%
43–46]. The filled-by-mass approach allows a more precise
osing of FSH content in different batches, being an impor-
ant step towards the minimization of drug-related variability,
hich influences the response to hFSH treatment. The reversed-
hase HPLC mode (RP-HPLC) is also very often utilized for
he control of the manufacturing process, as shown in pre-
ious work on hTSH purification and characterization [47].
his methodology discriminates with basis on differences in
ydrophobicity, being able to detect and quantify discrete mod-
fications in the molecular structure of the analyzed product.
P-HPLC has been shown to be suitable for the identification
f glycoprotein hormones such as pituitary-derived [48–52] or
hinese hamster ovary (CHO)-derived [33,53] human luteiniz-

ng hormone (hLH) and thyroid stimulating hormone (hTSH).
hile these two glycoprotein hormones were eluted as sep-

rate subunits (� and �) at low pH, they remained intact
tilizing acetonitrile-based gradient elutions at neutral pH on
ilica-based C4 columns [33,51,53]. However, the latter con-
ition was shown to be inappropriate for hFSH, since a con-
istent partial dissociation of this hormone was observed at
eutral pH. Most reports employing RP-HPLC for the anal-
sis and characterization of either recombinant or pituitary
FSH identified only the dissociated subunits [7,34,50]. To
ircumvent this problem, Hiyama et al. [51] proposed the
se of tandem RP-HPLC consisting of columns of differ-
nt hydrophobicity strengths operating at neutral pH, allow-
ng the separation of the three pituitary-derived glycoprotein
ormones while maintaining their integrity. Under these con-
itions, however, the � subunit could not be resolved from the
eterodimer.

Consistent with the high discriminating power, chemical
pecificity, sensitivity, robustness and simplicity of RP-HPLC,
he present study describes, for the first time, a RP-HPLC method
tilizing only one column (C4) and a basic mobile phase that
llows the analysis and characterization of the heterodimeric
orm of hFSH. Moreover, the method is capable of identifying
he dissociated subunits that might be present in a pharmaceu-

ical preparation as product-related impurities. These findings
ave been applied to the analysis and quality control of different
reparations of hFSH, which has not yet been reported by the
ain pharmacopoeias.
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. Materials and methods

.1. Chemicals and reagents

Water was obtained from a Millipore Milli-Q plus water
urification system (Bedford, MA, USA).

Acetonitrile (HPLC-grade) Mallinckrodt Baker S.A. was pur-
hased from Hexis (São Paulo, Brazil). All other chemicals
ere analytical reagent grade purchased from Merck (São Paulo,
razil) and Sigma (St. Louis, MO, USA).

Recombinant hFSH (Gonal f 75 IU/vial) from Serono and
ecombinant hFSH (Puregon 100 IU/vial) from Organon were
urchased from Expomed Comércio de Produtos Farmacêuticos
São Paulo, Brazil). Pituitary hFSH (NIDDK-hFSH-I-SIAFP-
), human alpha FSH (NIDDK-h(FSH-I-3), human beta FSH
NIDDK-h(FSH-I-SIAFP-2), pituitary hTSH (NIDDK-hTSH-
IAFP-B-2) and pituitary hLH (NIDDK-hLH-I-SIAFP-2) were
btained from the National Hormone and Pituitary Program
Torrance, CA, USA). A second preparation of pituitary hFSH,
it-hFSH NOR, was from Aker University Hospital (Oslo, Nor-
ay). Urinary hFSH (Metrodin HP 75 IU/vial) from Serono was
indly donated by Serono.

.2. Reversed-phase high-performance liquid
hromatography (RP-HPLC)

RP-HPLC was carried out with a Shimadzu Model SCL-
0A HPLC apparatus with a SPD-10AV UV detector using
C4-Vydac (Separations Group, Hesperia, CA, USA) 214

P 54 column (25 cm × 4.6 mm I.D., pore diameter of 300 Å
nd particle diameter of 5 �m) coupled to a guard column
Vydac 214 FSK 54) and with a silica precolumn (packed with
iChrosorb Si 60, 7.9–12.4 �m, Merck, Darmstadt, Germany)

ocated between the pump and the injector. The latter, a sil-
ca saturator, was introduced by Riggin et al. [54] to protect
he C4-Vydac separation column from the dissolution of the
ilica by the mobile-phase. The column temperature was main-
ained at 25 ◦C. Detection was by UV absorbance at a wave-
ength of 220 nm and quantification was achieved by peak area
etermination against pituitary-hFSH (pit-hFSH NOR). Mobile
hase A was 0.05 M ammonia phosphate buffer, pH 8.6, and
obile phase B was 50% acetonitrile plus 50% mobile phase
. A linear gradient of 30–100% B over 40 min was used at
flow-rate of 0.5 mL/min. Aliquots of 5–10 �L of pit-hFSH

nd of 150–250 �L of r-hFSH and u-hFSH were in general
rocessed.

.3. High-performance size-exclusion chromatography
HPSEC)

HPSEC was carried out with the same Shimadzu apparatus,
rocessing 5–10 �L of pit-hFSH or 150–250 �L of r-hFSH and
-hFSH on a Tosohaas (Montgomeryville, PA, USA) G2000 SW

olumn (60 cm × 7.5 mm I.D. particle size of 10 �m and pore
ize of 125 Å) coupled to a 7.5 cm × 7.5 mm I.D. SW guard
olumn. The mobile phase was 0.15 M NaCl, 0.02 M sodium
hosphate, pH 7.0, with a flow rate of 1.0 mL/min.
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Fig. 1. RP-HPLC of pure pituitary hFSH (pit-hFSH NIDDK) and its subunits.
Column: C4 Vydac, 214 TP54, 25 cm × 4.6 mm I.D., particle diameter 5 �m,
elution at temperature 25 ◦C, flow rate 0.5 mL/min, λ = 220 nm. Eluent A: 0.05 M
sodium phosphate buffer (pH 7.0); eluent B: 50% acetonitrile plus 50% eluent A.
Elution over 40 min with a linear gradient of 25–100% B. (A) Pituitary hFSH,
5 �g; (B) pituitary � hFSH, 5 �g; (C) pituitary � hFSH, 5 �g. Observe that
p
n
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.4. Protein determination

Total protein concentration was estimated utilizing Micro
icinchoninic acid (BCA) protein assay kit, according to the
anufacturer’s instruction (Micro BCA protein assay kit, Pierce,
ockford, IL, USA). As standard, solutions of pure bovine serum
lbumin (BSA), ranging from 0.5 �g/mL to 200 �g/mL, were
sed.

.5. Mass spectrometry

The preparations of pit-hFSH NOR, u-hFSH Metrodin and
-hFSH Gonal f, containing their excipients, were embedded
n a matrix consisting of a saturated solution of sinapinic
cid in 50% acetonitrile/0.1% trifluoracetic acid. An aliquot of
0 �L (∼20–30 pM of hormone) was air-dried and analyzed
y MALDI-TOF using an Applied Biosystems Voyager-DE-
TR, operated in linear positive-ion mode, with the following
arameters: accelerating voltage, 20,000 V; grid voltage, 95.4%;
uidewire voltage, 0.05% and high mass gate, 50,000. The laser
ower was altered from 1200 to 2000 and the laser beam was
red at multiple sites in a sample well by moving randomly the
ontrol joystick. Signals from 26 to 256 excitation pulses were
ccumulated and averaged to yield each recorded mass.

. Results

In a previous study, a RP-HPLC methodology for the qualita-
ive and quantitative analysis of human thyrotropin (hTSH) was
et up in our laboratory [33]. Utilizing the same chromatographic
onditions for pituitary-derived follicle stimulating hormone
hFSH), a partial dissociation (∼70%) of the heterodimeric form
nto alpha and beta subunits was observed (Fig. 1A). The peaks
ith retention times (tR) of 27.5 min and 35.7 min correspond to

he pit-hFSH � and � subunits, respectively, as shown by com-
aring them with purified subunits of pit-hFSH NIDDK (Fig. 1B
nd C), illustrating that the � is less hydrophobic than the � sub-
nit.

Under the same chromatographic conditions, the relative
ydrophobicity of hFSH and of the other two heterodimeric
lycohormones (hTSH and hLH) could be compared, illus-
rating their relative hydrophobicity in the following order:
LH > hTSH > hFSH (Fig. 2).

Optimized RP-HPLC elution conditions to maintain the
ntegrity of the hFSH heterodimer were achieved by increas-
ng the starting concentration of buffer B from 25 to 30% and
he pH of buffer A from 7.0 to 8.6. In addition, the ionic com-
osition of buffer A was altered by using ammonium instead
f sodium phosphate. The latter modification was introduced
o circumvent the interference of a “ghost” peak of the type of
hose described by Williams in his specific review [55]. Employ-
ng these conditions, dissociation of subunits did not occur and
eterodimer recovery was close to 100%. The behavior of pitu-

tary hFSH and of its subunits under the new elution conditions
s depicted in Fig. 3. Utilizing these conditions, commercially
vailable hFSH preparations of different origins, i.e.,urinary (u-
FSH) and CHO-derived (r-hFSH), could be compared with a

G
m
n
(

anel A has a different scale compared with panels B and C. In this and in the
ext experiments the amount indicated for each hormone is always based on the
ominal content.

ighly purified pituitary preparation (pit-hFSH). In contrast to
it-hFSH, these preparations were found to be more heteroge-
eous. The elution profiles of the two recombinant preparations,

onal F and Puregon (Fig. 4A and B) were nearly identical. The
ain isoforms showed identical retention times, which were sig-

ificantly higher (p < 0.005) than that of the pituitary preparation
Table 1). On the other hand, urinary-derived hFSH presented
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Fig. 3. New RP-HPLC elution conditions for pure pituitary hFSH (pit-hFSH
NIDDK) and its subunits. Column: C4 Vydac, 214 TP54, 25 cm × 4.6 mm I.D.,
particle diameter 5 �m, elution at temperature 25 ◦C, flow rate 0.5 mL/min,
λ = 220 nm. Eluent A: 0.05 M ammonia phosphate buffer (pH 8.6); eluent B:
5
o
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t
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ig. 2. RP-HPLC of pituitary glycohormones. The same chromatographic con-
itions as described in Fig. 1 were employed. (A) pit-hFSH NOR, 8.5 �g; (B)
it-hTSH NIDDK, 5 �g; (C) pit-hLH NIDDK, 5 �g.

wo main isoforms (Fig. 4C), one of which (peak 1) had a lower
nd the other (peak 2) approximately the same retention time as
he pituitary preparation. The lower retention time (tR) of peak
was significantly (p < 0.001) different from the other prepara-

ions. The difference between urinary peak 1 and the main peak
f recombinant or pituitary hFSH (∼6% and ∼3%), probably
ndicates important differences in their carbohydrate structures.
urthermore, Table 1 shows the excellent reproducibility of the

nter-day tR determinations, with a relative standard deviation of
he order of 1% or less. It is important to point out that the peaks
luting at the beginning (tR ∼ 5–10 min) of the chromatogram
Fig. 4) are due to different excipients that are present in these
reparations.
When exposed to 3 M acetic acid overnight at 37 ◦C, these
reparations dissociated completely into their subunits (∼98.2%
ecovery) as depicted for pit-hFSH in Fig. 5. The retention times
f the heterodimers were significantly different (p < 0.01) from

c
(
y
f

0% acetonitrile plus 50% eluent A. Elution over 40 min with a linear gradient
f 30–100% B. (A) 5 �g of pituitary hFSH; (B) 5 �g of pituitary � hFSH; (C)
�g of pituitary � hFSH.

he retention times of the � and � subunits (Table 2). The good
eparation between the heterodimeric form and the correspond-
ng subunits was accompanied by highly constant mean relative
etention times (tRR = tR subunit/tR heterodimer): 1.100 ± 0.004
RSD = 0.4%) and 1.517 ± 0.02 (RSD = 1.5%), respectively, for
he � and � subunits of the pituitary and the two recombinant
reparations (Table 2). The relative percentage yields of disso-

iated material in the peaks of the two subunits were 52.08%
�) and 47.92% (�) (Fig. 5), which is close to the theoretical
ield based on mass determinations (54.8% for � and 45.2%
or �) [34]. Unfortunately it was not possible to run the same
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Fig. 4. RP-HPLC of different commercial hFSH preparations. The same chro-
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atographic conditions as described in Fig. 3 were employed. (A) CHO-derived
FSH (Gonal F), 2.75 �g; (B) CHO-derived hFSH (Puregon), 3.4 �g; (C)
rinary-derived hFSH (Metrodin), 2.75 �g.
xperiment for u-hFSH due to the extremely limited amount of
aterial available.
The same preparations were also analyzed by HPSEC

Fig. 6). The higher precision and reproducibility of the HPSEC

c
a
c
n

able 1
nter-day retention time statistics for pituitary, recombinant and urinary hFSH prepar

ample tR ± SDa RSDb (%)

it-hFSH NIDDK 24.62 ± 0.192 0.8
-hFSH Gonal F 25.22 ± 0.062 0.3
-hFSH Puregon 25.33 ± 0.106 0.4
-hFSH peak 1 23.77 ± 0.226 1.0
-hFSH peak 2 25.02 ± 0.280 1.1

a Median ± standard deviation.
b Relative standard deviation (RSD) expressed as percentage of the mean.
ig. 5. RP-HPLC of pure pituitary hFSH NOR before(A) and after (B) overnight
ncubation with 3 M of acetic acid, at 37 ◦C. The same chromatographic condi-
ions as described in Fig. 3 were employed.

ethodology, as indicated by the lower RSD obtained, is shown
n Table 3. A Student’s t-test indicated a significant difference
p < 0.001) between the retention time of the urinary hFSH
reparation and of the pituitary and recombinant FSH prepa-
ations. The urinary-derived preparation exhibited the shortest
etention time, in accordance with its higher molecular mass
ound when the molecular masses of these preparations were
etermined by MALDI-TOF-MS. This method gave values of
2,527, 29,176 (average of two determinations) and 28,536,
espectively, for the urinary, pituitary and recombinant hFSH
Fig. 7 and Table 4).

For quantitative RP-HPLC analysis, a pituitary preparation
pit-hFSH NOR) was utilized as an internal reference. The hFSH

ontent of this preparation was confirmed by the BCA protein
ssay, which gave 574 ± 41 �g/vial (n = 4) against the declared
ontent of 520 �g/vial based on specific absorbance determi-
ation. The chromatographic quality was also confirmed by

ations analyzed by RP-HPLC

Difference from pituitary preparation (%) No. of determinations

– 4
+2.4 4
+2.9 4
−3.5 4
+1.6 4
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Table 2
Retention time of heterodimeric hFSH before dissociation, retention time of �-and �-subunits after dissociation and relative retention time (tRR) of the � and �

subunits with respect to heterodimeric hFSH, analyzed by RP-HPLC (n = 2)

SAMPLE tR Heterodimer tR �-Subunit tR �-Subunit tRR
a �-Subunit tRR

a �-Subunit

pit-hFSH NIDDK 24.43 ± 0.156 26.98 ± 0.160 36.63 ± 0.198 1.104 1.499
r
r

R
t
t
o
t
w
c

F
P
(

s
l
d

-hFSH Gonal F 25.19 ± 0.129 27.62 ± 0.235
-hFSH Puregon 25.29 ± 0.070 27.85 ± 0.131

a tRR, relative retention time determined with respect to heterodimer tR.

P-HPLC, obtaining a single peak without the presence of con-
aminants (Fig. 8). A dose–response curve for hFSH determina-
ion via RP-HPLC, i.e., peak area versus known added amounts

f hFSH in the range 0.5–11 �g, was also established, the equa-
ion of the calibration curve being: Ya.u. = 347.85X�g + 59.53,
here “a.u.” are arbitrary area units. The highly significant

orrelation coefficient (r = 0.9965; p < 0.0001 for n = 15) demon-

ig. 6. HPSEC on a G2000 SW column of different hFSH preparations. (A)
ituitary hFSH (NIDDK); (B) recombinant hFSH (Puregon); (C) urinary hFSH
Metrodin).

h
m

p
(
N
i
1

F
h

38.86 ± 0.214 1.096 1.543
38.16 ± 0.127 1.101 1.509

trated the linearity of the response over the dose range ana-
yzed. A mean value of 98.9 ± 2.93% with a relative standard
eviation of 3% was observed in recovery determinations of
FSH-NIDDK, demonstrating the accuracy of this RP-HPLC
ethodology (Table 5).
Based on this calibration, a quantification of the four different

reparations of hFSH was carried out in 3 independent assays

Table 6). An inter-day quantitative determination of pit-hFSH
IDDK, r-FSH Puregon, r-FSH Gonal F and u-hFSH Metrodin

ndicated that the precision of the assay system varied from
.3% to 3.9%. A relatively good agreement of the RP-HPLC

ig. 7. MALDI-TOF-MS analyses of pituitary hFSH NOR (A), recombinant
FSH Gonal (B) and urinary hFSH (C).
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Table 3
Inter-day retention time statistics for pituitary, recombinant and urinary hFSH preparations analyzed by HPSEC

Sample tR ± SDa RSDb (%) Difference from pituitary preparation (%) N◦ of determinations

pit-hFSH NIDDK 15.94 ± 0.050 0.3 – 4
r-hFSH Gonal F 16.00 ± 0.044 0.3 +0.4 4
r-hFSH Puregon 15.96 ± 0.097 0.6 +0.1 4
u-hFSH Metrodin 15.72 ± 0.012 0.1 −1.4 4

a Median ± standard deviation.
b RSD expressed as percentage of the mean.

Table 4
Relative molecular mass (Mr) of the heterodimer (� + �) and related subunits of different hFSH preparations, determined by Maldi-Tof mass spectrometry

Preparation �-Subunit �-Subunit Heterodimer Calc/Exp

Experimental Calculated � + �

pit-hFSH NOR 14467a 16509a 29176a 30976a 1.06a

r-hFSH Gonal 14082 16067
u-hFSH Metrodin 15139 17196

a Average of two determinations.
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Fig. 8. RP-HPLC of 5 �g of pituitary hFSH NOR.
eterminations with the declared content of the preparations was
bserved only for pit-hFSH NIDDK and u-hFSH Metrodin. For
he two recombinant preparations, a high bias of 22% (Pure-
on) and 114% (Gonal F) relative to their nominal contents were

able 5
ecovery test of known amounts of pure pituitary hFSH quantified by RP-HPLC

dded hFSH
�g)

Peak area
(a.u.)

Mean determined
hFSH (�g)

Mean recovery
(%)

0.55 239 ± 15.7 0.52 95
1.10 439 ± 4.0 1.09 100
2.21 816 ± 18.1 2.17 98
5.52 2028 ± 108.0 5.66 103
1.04 3879 ± 283.0 10.98 100

f
o
a
c

4

w
h
v
t
c
c

able 6
uantification of pure FSH preparations by RP-HPLC

reparation Nominal hFSH contenta (�g/vial) Determined hFSH

it-hFSH NIDDK 103.0 109 ± 1.7d

-hFSH Puregon 10.0 12.2 ± 0.2
-hFSH Gonal 5.5 11.8 ± 0.5
-hFSH Metrodin 5.5 5.4 ± 0.2

a Based on declared vial content.
b Determined by RP-HPLC.
c RSD expressed as percentage of the mean.
d Standard deviation relative to n = 3 inter-day determinations.
28536 30149 1.06
32527 32335 0.99

bserved. For Gonal F, a large difference from the nominal value
+75%), was also observed when the total protein content deter-
ination was carried out by the BCA protein assay, obtaining

he value of 9.6 ± 1.43 �g/vial, n = 4. A better agreement (+6%)
etween BCA determination (10.6 ± 1.19 �g/vial, n = 4) and the
eclared content (10.0) was obtained for Puregon.

The RP-HPLC methodology developed here also proved to be
uite sensitive, the minimal detectable dose calculated accord-
ng to Rodbard’s formulation [56] being 40 ng. The accuracy
f this determination was also confirmed experimentally. In
act, when analyzed by RP-HPLC, a known amount of 40 ng
f pit-hFSH (NIDDK) provided, in two determinations, an aver-
ge value of 0.041 �g directly determined from the calibration
urve.

. Discussion

An RP-HPLC methodology that preserves the heterodimer
as established for the qualitative and quantitative analysis of
FSH preparations. For this purpose, the elution conditions pre-

iously described for hTSH [33] were modified and applied
o the analysis of one pituitary, one urinary, and two commer-
ial recombinant hFSH preparations. The new conditions were
apable of detecting different degrees of heterogeneity in these

contentb (�g/vial) RSDc (%) Difference from nominal value (%)

1.5 +6
1.3 +22
3.9 +114
3.2 −2
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reparations. The urinary preparation in particular exhibited a
ajor peak whose tR was found to be significantly different from

hat of the main form present in the other three preparations. This
ould be due to either a different glycoform or to an oxidized
orm of the hormone present in a significant amount. These find-
ngs are in agreement with those reported by Bergh et al. [57],
ho observed a percentage of oxidized forms four times higher

n the same urinary preparation of hFSH than in r-hFSH Gonal
. The major RP-HPLC peak of the two recombinant prepara-
ions was also found to be significantly different from that of the
ituitary hormone. Such heterogeneity is probably caused by the
resence of different glycoforms, as described by several authors
4,8,36,58]. Although leading to partial hFSH dissociation, the
onditions previously set up for hTSH were nonetheless useful
or determining a hydrophobicity scale for pituitary glycoprotein
ormones in the following order of decreasing strength: pit-
LH > pit-hTSH > pit-hFSH, confirming literature data [51]. As
lready reported for hTSH [47], subtle differences in hydropho-
icity were also observed between pituitary, urinary and recom-
inant hFSH (Tables 1 and 2).

After several unsuccessful attempts, relatively mild disso-
iation conditions, based on overnight incubation at 37 ◦C in
M acetic acid, were also set up and provided a satisfactory
issociation yield of approximately 95%. This practical and
exible method may be adapted and applied to the dissocia-

ion of any recombinant or native heterodimeric glycoprotein
ormone, allowing a direct characterization of each individual
ubunit. It is noteworthy that the tR of heterodimeric hFSH has
een found remarkably different from that of its related subunits,
or either the pituitary or for the two recombinant preparations.
his provides a direct identification of these hFSH-related impu-

ities, whose absence must be demonstrated in a pharmaceutical
roduct.

More accurate molecular mass determinations (Mr) were also
arried out via MALDI-TOF mass spectral analysis for the pitu-
tary, the urinary and one recombinant preparation of hFSH. As
reviously observed for hTSH [47], the simultaneous detection
nd analysis of heterodimer, �- and �-subunit is possible even
or hFSH and the agreement between the experimental and cal-
ulated (by summation of the Mr of the two subunits) values was
emonstrated. We would like to emphasize that the retention of
certain amount of heterodimer, obtained under the described
ALDI-TOF-MS conditions, offers direct mass measurements
ithout the need for chemical crosslinking. The higher Mr of
rinary hFSH confirms less accurate molecular mass estimates
btained via HPSEC. The Mr of pit-hFSH (29176) and of rhFSH
28536) are relatively close to those previously reported by oth-
rs using the same mass spectral technique, as reported in Table 1
f Mendonça et al. [47]. This indicates a relatively high inter-
aboratory reproducibility for this methodology.

Finally, we would like to emphazise the good parameters of
ccuracy, precision and sensitivity shown in the validation of
ur method. For the quantification of the four hFSH prepara-

ions under analysis (Table 6), there is acceptable agreement
ith the declared content for pit-hFSH and u-hFSH, but a great
ias for the case of the two recombinant preparations. Although
he precise reason for this bias is not clear, there may be an

[
[
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nterference from specific excipients present in the recombinant
reparations.

In conclusion, the methodology reported herein may be
xtremely useful for the accurate analysis, identification and
uality control of hFSH and its individual subunits.
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