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Yeastolates,  triton  X-100  (TX-100)  and  methotrexate  (MTX)  are  common  process-related  impurities  (PRI)
in  cell-based  bioproduction  of  many  active  biopharmaceuticals.  In this  study,  a reverse  phase  high  perfor-
mance liquid  chromatography  (RP-HPLC)  method  coupled  with  ultraviolet  (UV)  detection  was  developed
for simultaneous  determination  and  quantitation  of  these  impurities.  The  chromatographic  separation
was  achieved  using  a Jupiter  C4  column  and  analyses  of  yeastolates,  TX-100  and  MTX  were  monitored  at
257,  280  and  302 nm,  respectively.  The  method  was  further  validated  with  respect  to  selectivity,  linearity,
limit  of detection  (LOD),  limit  of  quantitation  (LOQ),  precision  and  accuracy.  The  limits  of  quantitation  for
eastolates
ethotrexate

riton X-100
rocess-related impurities (PRI)
yaluronidase

HuPH20

yeastolates,  TX-100  and  MTX  were  determined  to be  27  ppm,  10 ppm  and  41  ppb,  respectively.  Finally,
the  suitability  of the method  for  analyses  of  recombinant  human  hyaluronidase  (rHuPH20)  in-process
(viral  inactivation,  QFF,  PS, APB  and  CHT  filtered,  final  viral  filtrate)  and  final  manufacturing  materials
was  demonstrated,  and  trace  levels  of  yeastolates,  TX-100  and  MTX  were  reliably  measured  except  for
three matrices  early  in  the  purification  process  in  which  TX-100  was  not  accurately  determined  due  to
interfering  effects.
. Introduction

Therapeutic proteins represent an important and fast grow-
ng class of drug products on the current market. Many protein
rug substances are produced in host cells as diverse as bacte-
ia, yeast, insect or mammalian cells [1]. Among these, Chinese
amster Ovary (CHO) cells are a very common cell substrate for bio-
harmaceutical products today [2].  For example, the recombinant
uman hyaluronidase (rHuPH20) drug product utilizes CHO cells
o produce rHuPH20 drug substance [3].  During its manufacturing
rocesses (Fig. 1), various ingredients are added to the cell culture
edium to promote cellular growth and protein production. Yeas-

olates (also known as yeast extract) are among the most common
utrients because of their cost-effectiveness, serum-free nature,
nd proven beneficial effect on cell growth [4,5]. Methotrexate

MTX) is another important ingredient used in cell culture media
or cell amplification in dihydrofolate reductase (DHFR) deficient
HO host cells [6].  After cell harvest and clarification, solvents and
etergents such as tri(n-butyl) phosphate (TNBP) and triton X-100
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(TX-100) are commonly added for viral inactivation and removal
[7].

The assessment of these process-related impurities is one of
the key considerations in process development studies. Due to
potential antigenicity, immunogenicity or toxicity of some process-
related impurities [8,9], they must be eliminated in downstream
process steps. Purification steps are incorporated to minimize
these impurities in the final drug substance. As shown in Fig. 1,
the production of rHuPH20 drug substance utilizes a complex
medium containing CD-CHO, CD-CHO AGT, glutamax, MTX, yeas-
tolates, insulin, glucose and sodium butyrate, and employs four
stages of column purification in the order of Q-Sepharose Fast
Flow (QFF), Phenyl Sepharose (PS), Amino Phenyl Boronate (APB)
and Ceramic Hydroxyapatite (CHT) to eliminate process-related
impurities. In this study we will focus on three common process-
related impurities; yeastolates, TX-100 and MTX. Unfortunately,
there has been, to date, no published information about ana-
lytical quantitation of yeastolates. A reverse phase HPLC assay
has been reported to analyze TX-100 in cell lysate samples
with a determined LOD level of 0.0003% (3 ppm) [10]. In addi-
tion, one World Health Organization (WHO) technical report sets

the permitted residual level of TX-100 in human blood prod-
ucts as ≤25 ppm from a safety perspective [11]. Finally, MTX
has been used for the treatment of different diseases includ-
ing cancer, leukemia, rheumatoid arthritis and psoriasis [12,13],

dx.doi.org/10.1016/j.jchromb.2011.10.003
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:clollo@halozyme.com
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Fig. 1. Schematic showing rHuPH20 manufacturing processes. CD-CHO and CD-CHO
AGT are protein-free, chemically defined media optimized for the growth of CHO
cells and expression of recombinant proteins. Glutamax is a cell culture medium
containing a dipeptide, l-alanyl-l-glutamine to prevent degradation and ammonia
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uild-up. The Q-Sepharose Fast Flow (QFF), Phenyl Sepharose (PS), Amino Phenyl
oronate (APB) and Ceramic Hydroxyapatite (CHT) represent four sequential column
urification stages.

nd various analytical methods such as capillary electrophoresis
CE) [14,15] and HPLC [16,17] have been developed to deter-

ine and quantitate MTX  in human plasma and urine samples
own to a ppb level. However, very limited information is
vailable about analytical monitoring and quantitation of yeast-
lates, TX-100 or MTX  from a process development standpoint.
oncomitantly, there has been increasing interest from regu-

atory agencies about process-related impurities and how the
ndustry ensures that these components are removed during pro-
ein purification processes. Therefore, development of validated
nalytical methods that can accurately, precisely, and reliably
easure these process-related impurities would be extremely

seful for regulatory guidance and future process development
tudies.

The aim of this study was to develop a liquid chromatogra-
hy method that can simultaneously analyze three process-related

mpurities: yeastolates, TX-100 and MTX. The method utilizes a
upiter C4 column coupled with a UV detection monitored at mul-
iple wavelengths: yeastolates at 257 nm,  TX-100 at 280 nm and

TX  at 302 nm,  respectively. The method was validated in terms
f selectivity, linearity, limit of detection (LOD), limit of quanti-
ation (LOQ), precision and accuracy. As a specific example, the
HuPH20 in-process manufacturing materials from viral inactiva-

ion, QFF filtered, PS filtered, APB filtered, CHT filtered and final
PI were tested using the developed method. Varying levels of
eastolates, TX-100 and MTX  in these samples were accurately
etermined.
 879 (2011) 3612– 3619 3613

2.  Experimental

2.1. Reagents and materials

HPLC grade water and acetonitrile (ACN) were purchased from
Honeywell (Morristown, NJ, USA). HPLC grade trifluoroacetic acid
(TFA) was purchased from EMD  Chemicals (Gibbstown, NJ, USA).
Gibco yeastolate ultrafiltrate (200 mg/mL  solution) was  purchased
from Invitrogen (Carlsbad, CA, USA). Difco yeastolate ultrafil-
trate (powder) was  purchased from BD Biosciences (San Jose, CA,
USA). Ultrafiltered yeast hydrolysate (powder) was purchased from
Irvine Scientific (Santa Ana, CA, USA). Methotrexate was purchased
from MP  Biomedicals (Solon, OH, USA). Triton X-100 was  purchased
from Sigma–Aldrich (St Louis, MO,  USA). The rHuPH20 in-process
and final API manufacturing materials (lot 104D-250-05.1) were
obtained from the manufacturing department of Halozyme and
include viral inactivation, QFF filtered, PS filtered, APB filtered, CHT
filtered, viral filtrate and final API samples.

2.2. Instrumentation

The HPLC system was an Agilent 1200 series with a binary
pump, vacuum degasser, autosampler and column heater. A Jupiter
C4 column (4.6 mm × 250 mm,  5 �m,  Phenomenex) was  used with
gradient elution from mobile phase A (MPA, 0.05% TFA in water) to
mobile phase B (MPB, 0.05% TFA in ACN) at a flow rate of 1.0 mL/min.
The autosampler was  maintained at 5 ◦C and the column tem-
perature was set at 40 ◦C. The injection volume was 10 �L for all
injections and the detection was monitored at 257 nm,  280 nm and
302 nm simultaneously using a diode array detector (DAD). The
gradient conditions are listed below.

Time (min) MPA  (%) MPB  (%)

0.0 95 5
2.0  95 5

12.0  55 45
18.0  25 75
25.0  5 95
30.0  5 95
30.1  95 5
35.0  95 5

2.3. Sample preparation

2.3.1. Solution preparation for selectivity test
All yeastolate powders were first dissolved in water to pre-

pare 200 mg/mL  solutions. 35 �L of individual yeastolate lots
(200 mg/mL) was added to 965 �L of mobile phase A to prepare
a 7 mg/mL  yeastolate stock solution. 10 �L of TX-100 (100%) was
added to 990 �L of mobile phase A to prepare a 1% TX-100 stock
solution. 20 �L of MTX  (1 mM,  formulated in 0.1 M NaOH) was
added to 980 �L of mobile phase A to prepare a 0.02 mM MTX  stock
solution. Next, each of the above stock solutions was diluted 16
times by adding 62.5 �L of each stock solution to 937.5 �L of mobile
phase A. The final concentration was 0.4375 mg/mL  yeastolates,
0.0625% TX-100 or 1.25 �M MTX  in the individual solutions.

LOD level yeastolates, TX-100 and MTX  were spiked in three
analyte-free, in-process materials to examine the selectivity of
the method towards real sample matrices. Specifically, 225.2 �L of
yeastolates (200 mg/mL, lot 651942), 17.5 �L of TX-100 (100%) and
100 �L of MTX  (1 mM)  were mixed with 4657.3 �L of mobile phase
A. This represents a “yeastolates + TX-100 + MTX” combined stock
solution with 9 mg/mL  of yeastolates, 0.35% of TX-100 and 20 �M of

MTX. Next, 20 �L of the above stock solution was added to 980 �L
of mobile phase A to prepare an intermediate “yeastolates + TX-
100 + MTX” combined solution with 0.18 mg/mL of yeastolates,
0.007% of TX-100 and 0.4 �M of MTX. Finally, 5 �L of the
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ig. 2. Comparison of six yeastolate lots from three commercial suppliers: (a) Irvi
38173, (d) Gibco yeastolate lot 1309797, (e) Gibco yeastolate lot 1323386 and (f) Gi
Phe)  and tryptophan (Trp), respectively. The tryptophan peak was  integrated for y

ntermediate solution was added to 95 �L of mobile phase A or
PB-filtered, CHT-filtered and final API materials. The final con-
entrations of spiked PRI are 0.009 mg/mL  yeastolates, 0.00035%
X-100, 0.02 �M MTX, corresponding to an LOD level of these
mpurities.

.3.2. Solution preparation for linearity test
A “yeastolates + TX-100 + MTX” combined stock solution was

repared by adding 35 �L of yeastolates (200 mg/mL, lot 651942),
0 �L of MTX  (1 mM)  and 10 �L of TX-100 (100%) to 935 �L of
obile phase A. The concentrations of yeastolates, TX-100 and MTX

re 7 mg/mL, 1% and 0.02 mM,  respectively and represent the high-
st concentration point for the PRI calibration curve. The combined
tock solution was serially diluted 4-fold each time with mobile
hase A to prepare a series of “yeastolates + TX-100 + MTX” com-
ined linearity solutions with dilution levels from 1:1 to 1:1024.
hese linearity solutions cover yeastolate concentrations from
.007 to 7 mg/mL, TX-100 concentrations from 0.001% to 1% and
TX concentrations from 0.02 to 20 �M.  A separate TX-100 cali-

ration curve was created and used only for quantitation of TX-100
n “viral inactivation” material. Specifically, 20 �L of TX-100 (100%)

as added to 980 �L of mobile phase A to prepare a stock solution
f 2% TX-100. The stock solution was serially diluted 4-fold each
ime with mobile phase A to prepare a series of TX-100 linearity
olutions by covering TX-100 concentrations from 0.0005% to 2%.

.3.3. Solution preparation for accuracy test
Three different levels of “yeastolates + TX-100 + MTX” combined

olutions were spiked to both mobile phase A and rHuPH20 final API
aterial to examine the accuracy of the method. For the 1:4 dilution

evel, 10 �L of the “yeastolates + TX-100 + MTX” combined stock
olution (1:1) was mixed with 30 �L of mobile phase A or rHuPH20
nal API solution. For the 1:16 dilution level, 5 �L of the “yeast-
lates + TX-100 + MTX” combined stock solution (1:1) was mixed
ith 75 �L of mobile phase A or rHuPH20 final API solution. For

he 1:64 dilution level, 5 �L of “yeastolates + TX-100 + MTX” com-
ined solution (1:4) was mixed with 75 �L of mobile phase A or

HuPH20 final API solution. The accuracy of the method was also
nvestigated by studying yeastolates, TX-100 and MTX at their LOQ
evels. To determine LOQ levels, 135 �L of yeastolates (200 mg/mL,
ot 651942), 10 �L of TX-100 (100%) and 90 �L of MTX  (1 mM)  were
stolate lot 9686381004, (b) Difco yeastolate lot 0209866, (c) Gibco yeastolate lot
astolate lot 651942. Three peaks were identified to be tyrosine (Tyr), phenylalanine
ate quantitation.

mixed with 765 �L of mobile phase A. This represents a “yeast-
olates + TX-100 + MTX” combined stock solution with 27 mg/mL  of
yeastolates, 1% of TX-100 and 90 �M of MTX. Next, an intermediate
“yeastolates + TX-100 + MTX” combined solution was prepared by
adding 20 �L of the above stock solution to 980 �L of mobile phase
A. Finally, 5 �L of the intermediate solution was  added to 95 �L of
either mobile phase A or rHuPH20 manufacturing materials (viral
inactivation, QFF, PS, APB, CHT filtered and final API). The final
concentrations of spiked PRI are 0.027 mg/mL  yeastolates, 0.001%
TX-100, 0.09 �M MTX, corresponding to an LOQ level of yeastolates,
TX-100 and MTX  which will be addressed in later sections.

3. Results and discussion

3.1. Comparison of yeastolates from different manufacturers

Yeastolates are undefined mixtures of amino acids, peptides,
carbohydrates, vitamins and minerals with other potential com-
ponents [18]. To develop a method for yeastolate analysis, it is of
primary importance to determine if the starting components of
yeastolates are from lot to lot or from different manufacturers. We
have compared six representative yeastolate lots from three com-
mercial suppliers using the established HPLC method. All yeastolate
lots were diluted to 0.4375 mg/mL  and analyzed by RP-HPLC using
identical method parameters. The results are depicted in Fig. 2. Due
to the complexity in yeastolate composition, only three peaks have
been identified to be tyrosine (Tyr), phenylalanine (Phe) and tryp-
tophan (Trp). Each yeastolate lot displays multiple peaks with the
retention time ranging from 3 to 9 min. The individual peaks are
fairly reproducible but their relative intensities are slightly var-
ied. %CV of the six batches (calculated based on the tryptophan
peak) is about 16%, which is reasonable considering the fact that
they are from three different manufacturers. %CV of the four Gibco
yeastolate lots from the same manufacturer (Fig. 2c–f) is only 4.8%.
However, for a proper quantitation, it is advised that the yeastolate
batch (or lot) used in calibration samples be identical to that used in

actual manufacturing materials. In a separate stability study, a sin-
gle yeastolate lot was used to prepare a solution at 0.4375 mg/mL
at each time point (n = 10). %RSD of the yeastolate peak mea-
sured over a period of six months was  only 2.3%, indicating that
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Fig. 3. Selectivity of the method evaluated by injecting (a) 1 mg/mL  rHuPH20 API, (b) 0.0625% TX-100, (c) 1.25 �M MTX, (d) 0.4375 mg/mL  yeastolates and (e) a water blank.
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concentration ranges.
The LOD and LOQ for yeastolates, TX-100 and MTX  analyses

were determined using signal-to-noise (S/N) ratios based on a
series of diluted “yeastolates + TX-100 + MTX” combined solutions.

Table 1
Parameters of linearity curves for yeastolates, TX-100 and MTX  analyses.

PRI identity Concentration range y-Intercept Slope r2

Yeastolates
0.014–7 mg/mL  0.0188 60.049 1
0.014–0.1 mg/mL  −0.0405 58.923 0.9999
he  UV profiles shown were collected from different wavelengths with the water b

eastolates are relatively stable (data not shown). Considerable
ffort has been devoted to establish an appropriate integration
trategy for yeastolate quantitation. Our initial endeavor was to
ntegrate all yeastolate peaks in Fig. 2. This approach was  found to
e problematic due to buffer and/or solvent front interference at the
arly elution time (data not shown). A satisfactory result was finally
chieved by monitoring a single peak at one specific retention time
the tryptophan peak in Fig. 2) that was well-resolved from the rest
f the peaks and consistent across tested batches. This strategy was
sed for all yeastolate quantitation throughout the study.

.2. Selectivity

Selectivity describes the ability of the method to assess the
esired analyte in the presence of other components. In this study
he selectivity of the method was examined by injecting individual
olutions of yeastolates, TX-100, MTX, rHuPH20 and a water blank.
he results are summarized in Fig. 3. The UV profiles for each com-
onent were collected at variable wavelengths with yeastolates at
57 nm,  TX-100 and rHuPH20 at 280 nm and MTX at 302 nm.  Yeas-
olates still displayed multiple peaks ranging from 3 to 9 min. MTX
as a single peak at 9.9 min. TX-100 displayed a major peak at

0.6 min  accompanied by two small related peaks. rHuPH20 was
he biopharmaceutical API comprising two main peaks that eluted
round 17.5 min. All these components eluted at different retention
imes. This observation was further verified by injecting a combined
olution of yeastolates, TX-100, MTX  and rHuPH20 with the same
ethod. A clear separation of these components was achieved at

ach wavelength and no cross-interference was observed (data not
hown). Therefore, a combined solution of yeastolates, TX-100 and
TX  was directly used for the quantitation studies of the individual

omponents.
Due to the complexity of in-process materials, it is also neces-

ary to examine the selectivity of the method towards real sample

ystems. Here three in-process materials (APB filtered, CHT filtered
nd final API), which were found analyte-free, were spiked with
eastolates, TX-100 and MTX  at their LOD levels. The corresponding
hromatograms are compared in Figs. 4–6 for yeastolates, TX-100
nd yeastolates at 257 nm, TX-100 and rHuPH20 at 280 nm and MTX  at 302 nm.

and MTX, respectively. Even at low LOD levels, no background sig-
nals from APB filtered, CHT filtered and final API interfered with
the detection of yeastolates, TX-100 and MTX. The same solutions
were also spiked with LOQ level yeastolates, TX-100 and MTX  and
no interference was observed (data not shown).

3.3. Linearity, LOD and LOQ

Linearity is an important component in method development
and determines whether a method is suitable for analyte quanti-
tation over a range of concentrations. In this study we quantitated
yeastolates, TX-100 and MTX  in a single method by coupling HPLC
separation with multiple wavelength detection. A combined stock
solution of yeastolates, TX-100 and MTX  was prepared and seri-
ally diluted to cover concentrations of yeastolates from 0.014 to
7 mg/mL, TX-100 from 0.001% to 1% and MTX  from 0.02 to 20 �M
(Section 2.3.2). As mentioned previously, only the tryptophan peak
from yeastolates was used for quantitation. TX-100 contained three
peaks as in Fig. 3 and all of them were integrated for TX-100 quan-
titation. MTX  is a single peak and was  integrated for quantitation.
The linearity curves for each component were generated by plotting
peak areas as a function of concentration and the calibration param-
eters are summarized in Table 1. Excellent linearity was observed
for yeastolates, TX-100 and MTX  analyses at both high and low
TX-100
0.001–1%  −4.5973 9535.8 1
0.001–0.016% −1.7333 8660.1 1

MTX
0.02–20  �M 0.7973 10,806 0.9996
0.02–0.3 �M 0.0033 10,874 1
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Fig. 4. Selectivity of the method evaluated by injecting (a) APB filtered, (b) final API, (c) LO
spiked  in final API, (f) LOD level yeastolates spiked in MPA, (g) LOD level yeastolates spik
257  nm.

Table 2
Summary of LOD and LOQ for yeastolates, TX-100 and MTX  analyses.

PRI identity LOD LOQ

T
a
i
w
y
i
i
T
s
c
r

F
i

Yeastolates 0.009 mg/mL  (9 ppm) 0.027 mg/mL  (27 ppm)
TX-100 0.00035% (3.5 ppm) 0.001% (10 ppm)
MTX 0.02 �M (9 ppb) 0.09 �M (40.5 ppb)

he LOD and LOQ corresponded to signal-to-noise (S/N) ratios of
pproximately 3 and 10, respectively. The results are summarized
n Table 2. The LOD and LOQ for yeastolates, TX-100 and MTX

ere further investigated using real matrix systems. Here LOD level
eastolates, TX-100 and MTX  were spiked in three analyte-free,
n-process materials. As clearly demonstrated in Figs. 4–6,  sim-
lar S/N ratios were obtained corresponding to their LOD levels.

he LOQ was also confirmed using same spiked solutions (data not
hown). Therefore, both LOD and LOQ obtained in Table 2 are appli-
able to both academic solutions and more complicated in-process
HuPH20 materials.

ig. 5. Selectivity of the method evaluated by injecting (a) APB filtered, (b) CHT filtered, (c
n  CHT filtered, (f) LOD level TX-100 spiked in final API, (g) LOD level TX-100 spiked in MP
D level yeastolates spiked in APB filtered, (d) CHT filtered, (e) LOD level yeastolates
ed in CHT filtered and (h) a water blank. The UV chromatograms were collected at

3.4. Precision and accuracy

The precision of the method for yeastolates, TX-100 and MTX
analyses was determined using six replicate injections of one
“yeastolates + TX-100 + MTX” combined solution at their LOQ levels
containing 0.027 mg/mL  yeastolates, 0.001% TX-100 and 0.09 �M
MTX. The %RSD for yeastolates, TX-100 and MTX analyses was 1.4%,
1.6% and 3.0%, respectively.

The accuracy of the method was  evaluated using spiked samples
at different PRI concentration levels (at dilution factors of 1:4, 1:16
and 1:64). Specific amounts of “yeastolates + TX-100 + MTX” com-
bined solution were spiked in both mobile phase A and rHuPH20
final API solution (Section 2.3.3). The spiked solutions were injected
and their peak areas were directly compared. The results are sum-

marized in Table 3. The percent recovery for each component was
calculated using the following formula:

%Recovery  = Area in final API
Area in MPA

× 100

) final API, (d) LOD level TX-100 spiked in APB filtered, (e) LOD level TX-100 spiked
A  and (h) a water blank. The UV chromatograms were collected at 280 nm.
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ig. 6. Selectivity of the method evaluated by injecting (a) APB filtered, (b) final AP
nal  API, (f) LOD level MTX spiked in MPA, (g) LOD level MTX  spiked in CHT filtered

The percent recovery for yeastolates, TX-100 and MTX  was
8–105%, 93–100% and 97–105%, respectively.

The accuracy of the method was further investigated at
ower PRI concentrations. Specific amounts of “yeastolates + TX-
00 + MTX” combined solutions corresponding to their LOQ levels
ere spiked in six rHuPH20 in-process and final API materials

viral inactivation, QFF, PS, APB, CHT filtered and final API from
ot 104D-250-05.1) (Section 2.3.3). The same levels of “yeast-
lates + TX-100 + MTX” combined solutions were also spiked in
obile phase A and used as nominal concentrations for accuracy
easurements. Note that for all rHuPH20 in-process and final API
aterials, certain levels of yeastolates, TX-100 or MTX  may  be pre-

xisting. Therefore, the percent recovery for each component can
e calculated using the following formula:

Recovery  = Area in spiked sample − Area in sample alone × 0.95
Area in MPA

×100

here 0.95 is the dilution factor in accuracy sample preparation
Section 2.3.3). The results are summarized in Table 4. The per-
ent recoveries for yeastolates, TX-100 and MTX were 94–108%,
6–106% (except the value from viral inactivation material) and
4–110%, respectively. Low percent recovery of TX-100 was found
or viral inactivation, QFF and PS filtered materials. This is not
urprising since the viral inactivation material has the highest TX-
00 level (∼1%) and QFF and PS represent the first two  column

urification steps during the manufacture processing of rHuPH20.

nterference from other components such as protein by-products
hat eluted at similar retention time as TX-100 caused the poor
ecovery for these materials (data not shown). Fortunately these

able 3
ummary of accuracy results by spiking “yeastolates + TX-100 + MTX” combined solutions

Dilution level Spiked condition Yeastolates (mAU s) %Recovery 

1:64
In MPA  6.7 

In  final API 6.6 99 

1:16
In  MPA  26.9 

In  final API 28.3 105 

1:4
In  MPA  87.1 

In  final API 85.1 98 
OD level MTX  spiked in APB filtered, (d) CHT filtered, (e) LOD  level MTX  spiked in
h) a water blank. The UV chromatograms were collected at 302 nm.

components were eliminated in the following column purification
steps and posed no interference to TX-100 quantitation in the later
stages.

It should be noted that the current established method has been
successfully transferred to CMOs and validated in a GMP  envi-
ronment. Intermediate precision was performed by varying the
following parameters: analysts (N = 2), columns, instruments, and
time. The robustness of the method was examined by varying the
following parameters: (1) mobile phases was prepared with 0.04%
or 0.06% TFA (vs 0.05% TFA), (2) flow rate was changed to 0.9 or
1.1 mL/min (vs 1.0 mL/min), (3) column temperature was changed
to 35 or 45 ◦C (vs 40 ◦C) and (4) autosampler temperature was
changed to 25 ◦C (vs 5 ◦C). All results obtained met  the acceptance
criteria (data not shown), indicating that the method is suitable for
determination and quantitation of yeastolates, TX-100 and MTX.

3.5. Determination of yeastolates, MTX and TX-100 in rHuPH20
in-process and final API samples

Having established the feasibility and suitability of the method,
we proceeded to the measurement of yeastolates, TX-100 and MTX
in rHuPH20 manufacturing materials. The samples were collected
from different purification stages including viral inactivation, QFF,
PS, APB, CHT and final API. The samples were injected without any
dilution and the result was  compared for yeastolates, TX-100 and
MTX  at different wavelengths. A “yeastolates + TX-100 + MTX” com-

bined solution at a dilution level of 1:16 was injected as a reference.
Fig. 7 summarizes the comparison of yeastolate peaks from dif-
ferent samples at 257 nm.  Peaks at analytes’ retention time were
further confirmed by comparing their UV spectra (by using diode

 at different concentration levels.

TX-100 (mAU s) %Recovery MTX  (mAU s) %Recovery

166.7 3.5
155.0 93 3.4 97
696.6 13.7
695.1 100 14.4 105

2196.2 44.0
2135.9 97 43.3 98
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Table  4
Summary of accuracy results by spiking “yeastolates + TX-100 + MTX” combined solutions at LOQ levels.

Samples Spiked condition Yeastolates (mAU s) %Recovery TX-100 (mAU s) %Recovery MTX (mAU s) %Recovery

Viral inactivation
In MPA  1.4 9.5 1.12
SPL  alone 10.2 11,667.7 10.96
Spiked 11.1 107 11,054.6 −313 11.51 98

QFF  filtered
In MPA  1.5 10.6 0.95
SPL  alone 3.0 6.9 0.22
Spiked 4.4 103 15.3 83 1.10 94

PS  filtered
In MPA  1.6 9.8 1.00
SPL  alone 0.4 2.9 0.00
Spiked 2.1 108 9.2 66 1.10 110

APB  filtered
In MPA  1.7 9.5 0.96
SPL  alone 0.0 0.0 0.00
Spiked 1.6 94 9.0 95 1.00 104

CHT  filtered
In MPA  1.6 9.3 0.96
SPL  alone 0.0 0.3 0.00
Spiked 1.5 94 8.7 91 1.00 104

Final  API
In MPA  1.6 9.4 1.00
SPL  alone 0.0 0.0 0.00
Spiked 1.6 100 10.0 106 1.10 110

Note: SPL is the abbreviation of “sample”.

Fig. 7. Comparison of (a) a “yeastolates + TX-100 + MTX” combined standard solution (1:16) and rHuPH20 in-process samples of (b) viral inactivation, (c) QFF filtered, (d) PS
filtered, (e) APB filtered, (f) CHT filtered and (g) final API materials. The UV profiles were collected at 257 nm and the tryptophan peak was used for yeastolate quantitation.

Fig. 8. Comparison of (a) “yeastolates + TX-100 + MTX” combined standard solution (1:16) and rHuPH20 in-process samples of (b) viral inactivation, (c) QFF filtered, (d) PS
filtered, (e) APB filtered, (f) CHT filtered and (g) final API. The UV profiles shown were collected at 280 nm.
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Fig. 9. Comparison of (a) “yeastolates + TX-100 + MTX” combined standard solution (1:16
filtered, (e) APB filtered, (f) CHT filtered and (g) final API. The UV profiles shown were col

Table 5
Determination of yeastolates, TX-100 and MTX  in rHuPH20 manufacturing
materials.

Samples Yeastolates (mg/mL) TX-100 (%) MTX  (�M)

Viral inactivation 0.09 1.2266a 0.75
QFF  filtered 0.046 0.0014 <LOD
PS  filtered <LOD 0.0010 <LOD
APB  filtered <LOD <LOD <LOD
CHT  filtered <LOD <LOD <LOD
Final viral filtrate <LOD <LOD <LOD
Final API <LOD <LOD <LOD

a The amount of TX-100 in viral inactivation material was  found out of the cali-
bration range listed in Table 1. A new calibration curve was created covering TX-100
c 2
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oncentrations from 0.0005% to 2% (y = 9553x + 19.018, r = 1) and used for its quan-
itation. See Section 2.3.2 for corresponding solution preparation.

rray detector) with analyte peaks in the reference solution. The
esults clearly show that after the first two column purification
teps (QFF and PS), yeastolates were completely eliminated. Fig. 8
hows the comparison of TX-100 peaks at 280 nm.  A high level of
X-100 (∼1% in Table 5) was observed in rHuPH20 viral inactiva-
ion sample but was removed after the first QFF column purification
tep. The comparison of MTX  at 302 nm is demonstrated in Fig. 9.
he viral inactivation sample also has the highest MTX  level at
bout 0.75 �M (Table 5) and was eliminated after the QFF col-
mn  purification step. The levels of yeastolates, TX-100 and MTX  in
ll rHuPH20 samples were determined by direct comparison with
heir corresponding calibration curves (Table 1) and the results are
ummarized in Table 5.

. Conclusion

We present for the first time the development and validation of
n RP-HPLC method for the simultaneous determination of three
rocess-related impurities (yeastolates, TX-100 and MTX) that are
ommonly used in cell-based manufacturing processes. During pro-

ess qualification it is necessary to demonstrate impurity removal
uring each purification step. This method allows the determina-
ion of three impurity levels in one assay using basic lab setups
hich is a significant improvement with respect to both time and

[

[
[

) and rHuPH20 in-process samples of (b) viral inactivation, (c) QFF  filtered, (d) PS
lected at 302 nm.

resource constraints. The LOQ achieved for each impurity is appro-
priate for a state-of-the-art manufacturing process. The method
was  validated with respect to selectivity, linearity, LOD, LOQ, pre-
cision and accuracy studies. The method was  successfully applied
to the quantitative analyses of yeastolates, TX-100 and MTX  in
most rHuPH20 in-process and final API manufacturing materials
and trace levels of these impurities were accurately measured. Due
to strong matrix effect, the amount of TX-100 in viral inactivation,
QFF and PS filtered materials was  not accurately determined.
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