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Abstract

Human erythropoietin (EPO) is an endogenously produced glycoprotein, which plays a key role in the erythropoiesis
process. Production of erythropoietin by recombinant DNA techniques has made possible its therapeutical use besides its
misuse in sport competitions. The link between glycosylated form and protein activity makes necessary a method to analyze
the glycoforms’ distribution in the recombinant products. In this work, a capillary isoelectric focusing (clEF) method is
presented that allows the analysis of erythropoietin glycoforms. Besides, the clEF method can be easily implemented in
different laboratories. In order to get a feasible and precise clEF method the following factors have been studied and
optimized: (i) neutral coated capillaries, 27 cm long are employed, (ii) ampholytes in the pH range 2 to 10 are used, (iii)
bovine B-lactoglobulin A is chosen as internal standard, (iv) anolyte consisting of 1HgPO, in clEF gel is made by
weight and catholyte is prepared by titrating 20MnNaOH with H,PQ, to pH 11.85-11.90, (v) sample is completely
depleted of excipients and sodium chloride 18nfinal concentration is added, and ()/t, s and @, — A, s)/A g, N
being the recombinant EPO glycoform considered and 1.S. the internal standard, are chosen as indexes to express migratior
time and area. As a result, a precise method to analyze erythropoietin by capillary isoelectric focusing is achieved with
intra-assay RSE0.5% for index time and=1.5% for index area and inter-sample, inter-anolyte, and inter-catholyte
precision better than 3.4% for index time and RSD lower than 2.2% for index area.
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1. Introduction one of the therapeutical proteins with higher econ-
omic interest in the USA [1].
Erythropoietin (EPO) is a glycoprotein of key It is known that the sialic acid content of EPO
importance in the erythropoiesis process. Its pro- plays an important role in its biological activity [2].
duction by recombinant DNA techniques has made it Since the host cell line used for EPO production

influences its glycosylation, the carbohydrate struc-
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564-4853. that of recombinant EPO (rEPO) produced in differ-
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changes in purification methods and to inter-batch
variations [3]. Thus, a method able to differentiate
these small variations is needed. As each sialic acid
group contributes a negative charge to the electric

charge of the protein, methods based on separation

of molecules with different isoelectric points I(p
values) could be valid to study the relative propor-
tion of glycoforms in the rEPO samples.

Capillary isoelectric focusing has been shown to
be the method of choice to analyze molecules with
very close p values. This technique has the res-
olution power of the isoelectric focusing technique
performed in slab gels, but avoids its drawbacks.

A previously published method showed the ap-
plicability of capillary isoelectric focusing for the
analysis of rEPO, which enabled differentiation and
quantitation of at least seven bands of rEPO glyco-
forms in 12 min [4]. However, some factors of that
method meant it was not straightforward to imple-
ment it in different laboratories.

In this work modifications are made to obtain a
precise capillary isoelectric focusing (clEF) method.
To do this, the effects of different parameters on the
feasibility and precision of the clEF separation are
studied. Namely, the use of coated capillaries of
different types, capillary lengths, range of pH of the
ampholytes, internal standard selected, pH and com-
position of electrolytes, salt content of sample, and

indexes used to express migration time and area, are

studied.

2. Experimental
2.1. Samples

Standard samples of rEPO produced in a Chinese
hamster ovary (CHO) cell line were provided by the
European Pharmacopoeia as Biological Reference
Product (BRP). Each sample vial contained about
250 pg of EPO, 0.1 mg of Tween 20, 30 mg of
trehalose, 3 mg of arginine, 4.5 mg of NaCl and 3.54
mg of Na, HPQ-H 0, and it was adjusted to pH 7.0
with NaOH [5]. The content of each vial was
dissolved in 0.250 ml of Milli-Q water (Millipore,
Molsheim, France) and the excipients of low-molec-
ular-mass were eliminated as indicated in Ref. [4].
Briefly, samples were passed through a Microcon-10
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cartridge (Amicon, Beverly, MA, USA) for 65 min at
2671and the retentate was washed three times
with 0.2 ml water for 40 min under thg salae.
The filtrates from each of the centrifugation steps
were numbered as F1 to F4 and std@edrhe4
retentate was recovered from the cartridge by cen-
trifugation at §38r 5 min and Milli-Q water was
added to make up to 0.250 ml.

2.2. Equipment, procedures, and reagents

Separations were carried out in a PACE 5000 CE
instrument (Beckman Instruments, Fullerton, CA,
USA). Two types of capillaries were used. Type one

corresponded to laboratory-made polyacrylamide-
coated capillaries [6], 27 cm (20 cm effective

lengdt) um 1.D. Capillaries of type two were
obtained from Beckman (eCAP Neutral Capillary).
[.D. waspgf and two different total lengthd |,

47 and 27 cm (with effective lengths of 40 and 20
cm, respectively) were tried. In all cases temperature
was set aC20

Initially anolyte was prepared by volume and it
consisted of IIHYPO, in a poly(ethylene oxide)
solution (with trade name clEF gel, from Beckman
[7]). Development of the method led to prepare it by

weight and to control the apparent pH as will be
indicated below.
Catholyte was first made d¢ 200@H in
water. Method improvement led to the addition of
H,PO, until a defined pH, as will be shown below.
Ampholytes were added to the clEF gel followed
by urea (Sigma, St. Louis, MO, USA) to get a urea
final concentration of 7M and the mixture was
filtered (0.5 um, Millex-LCR, Millipore, Bedford,
MA, USA). Different combinations of ampholytes
were compared. The ampholyte solution of pH range
3-10 was from Beckman. The pH 2.5-5 Pharmalyte
was from Pharmacia Biotech (Uppsala, Sweden).
Servalyte solutions of ranges 2—4 and 4—6 were from

Serva (Heidelberg, Germany). Ampholytes were

mixed with clEF gel in different ratios.
The usefulness of several substances with different
| palues as internal standard was studied.
Samples were diluted with water or with different
solutions, as it will be indicated below. NaCl and
,Na HR28I,0 (p.a.) used to this end were from
Merck (Darmstadt, Germany).uFieé diluted
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EPO sample were added to 2bl of clEF gel
containing urea and ampholytes. Internal standard
was added. The capillary was filled with this mixture
by applying N, pressure (20 p.s.i., 1 p.s:6894.76
Pa) at the anodic end for 1 min.

Separation was performed at 25 kV. Under this
voltage, initially a focusing step took place. The
effect of different length times for the focusing step
was studied. Focusing was followed by a mobiliza-
tion step performed by applying N pressure (0.5
p.s.i.) at the anodic end while voltage was main-
tained.

Detection was performed at 280 nm. Data were
collected and analyzed using the System Gold soft-
ware (version 8.1) from Beckman.

Between injections the 27 cm capillaries were
rinsed (N, pressure 20 p.s.i.) with 10MnH PO, for
1 min followed by a 2-min rinse with water. For 47
cm capillaries, filling and rinsing times were three
times longer.

At the end of the day capillaries were rinsed,(N
pressure 20 p.s.i.) for 10 min with water and for 5
min with clEF gel. The capillaries filled with gel and
with the extremes immersed in the same gel were
kept at 4°C overnight. First injection of the day was
preceded by a 5-min rinse with water under the same
pressure.

3. Results and discussion

3.1. Slection of nature and concentration of
ampholytes

In the present study, best results with the labora-
tory-made capillaries [6] were obtained with the
(1:2) mixture of ampholytes (3—10) plus (2.5-5), in
good agreement with our previous results [4]. How-
ever, when the eCAP Neutral Capillary (i.e. a
commercial type of capillary) was used, change to a
(1:2) mixture of (3—10) and (2—4) ampholytes was
necessary to get the most acidic bands of EPO
resolved and separated from the anolyte front.

This mixture of ampholytes was mixed with clEF
gel in (1:50) and (1:5) ratios. Although the higher
concentrations of ampholytes led to a better focusing
of the EPO glycoforms’ peaks, the low am-
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pholytes:gel ratio was chosen for further experiments
to avoid a high UV noise.

3.2. Effect of the capillary length

Results comparing two lengths €47 and 27 cm)
for the eCAP column showed a better focusing in the
shorter capillary and, as expected, a shorter analysis
time. According to Righetti [8], the difference in p
of two resolved peaksA(pl)] is provided by the
following expression
:| 1/2

in which D is the diffusion coefficient of the analyte,
dpH/dx is the rate of change of pH with the distance,
E is the applied electric field, and- du/dpH is the
change in mobility with pH. This predicts that better
pl resolution [lowerA(pl)] would be achieved with
longer capillaries by decreasing the slope of the pH
gradient while keeping the rest of the variables
constant. HoweverE was lower for the longer
capillary as the applied voltage for the shorter
column was close to the maximum allowed by the
instrument, which explains the better results obtained
with the shorter capillary.

D(dpH/ )

Alpl) = 3[ E(—du/dpH)

3.3. Slection of internal standard

In order to study the feasibility of their use as
internal standards (I.S.) in the rEPO glycoforms’
analysis, the following compounds were assayed
under the same electrophoretical conditions used for
rEPO analysis: pepsinogenl(g.8), amyloglucosid-
ase (p 3.6), methyl red (p 3.8), soybean trypsin
inhibitor (pl 4.6), bovine B-lactoglobulin A (g
5.15), glycin-tryptophan (p5.52), glycin-phenylala-
nine (d 5.52), and carbonic anhydrase 111(p.9).
Among all of them, bovine3-lactoglobulin A pre-
sented the best characteristics as I.S.

3.4. Sdection of electrolytes

Lack of repeatability in the electrophoretic be-

havior of the I.S. and the glycoforms of EPO was

observed among different days using different bat-
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Fig. 1. clEF electropherograms of rEPO performed on an eCAP
neutral capillary 27 cm (20 cm effective lengthp0 pm 1.D.
Sample with F2 was mixed with clEF gel, M urea, and
ampholytes with pH ranges 3-10 and 2-4 (1:2 ratio). Focusing
was at 25 kV for 1 min. Anolyte, 91 M H,PO, in clEF gel, pH
1.52. Catholyte (A) 15 fal NaOH, pH 12.27; (B) 4 ! NaOH,

pH 11.85; and (C) 16 M NaOH titrated to pH 11.85 with
H,PO,.

ches of anolyte and catholyte with theoretically exact
composition.

By keeping constant the anolyte used, it was
observed that the similarity of the electrophoretic
behavior of the I.S. and EPO bands was much
improved when the pH of the different batches of
catholyte were adjusted to 11.90 by addition o1
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H,PO,. Moreover, resolution was better than with
any of the unadjusted catholytes.

By comparing the effect of NaOH solutions of
different concentrations (4, 10, 13, and 184hand
pH values (11.85, 12.10, 12.22, and 12.27, respec-
tively) as catholytes, it was observed that the higher
the pH, the larger the migration times (Fig. 1A and
B). This behavior could be related to cathodic drift,
that is the progressive loss of the basic end of a pH
gradient [9-11]. Lower cathodic drift, related to
higher NaOH concentration, would imply slower
electroosmotic flow and thus, larger migration times
of EPO bands. Good resolution of EPO bands was
not achieved in any case.

Two batches of catholyte with the same pH (pH
11.85) but different composition were compared.
The first batch was made of 4MhNaOH (Fig. 1B).

The second batch contained 18MmNaOH plus the
amount of 1M H,PO, needed to adjust the pH (Fig.
1C). Results shown in Fig. 1 indicated that the
presence of the acid reduced the migration times and
markedly enhanced the resolution of glycoforms.
Table 1 shows the migration times of the I.S. and the
major EPO glycoforms (named as 3 to 7) when three
different catholytes prepared by adjusting the pH
with H,PO, were used. According to these data a
larger ApH, which could be related to a higher
amount of H, PQ added, corresponded to a larger
decrease in the migration times. The addition of
phosphoric acid to the cathode could contribute in a
combined way by complexing the remaining silanols

in the capillary wall [12,13] and by collaborating in
cathodic mobilization [10,14,15].

Variations in the anolyte batches on reproducibility
were considered. Anolyte was initially prepared by
adding the corresponding volumé ¢1,PO, to
the needed volume of clEF gel. Measurement of the

apparent pH of several anolyte batches showed

Table 1

Effect of H,PO, added to catholyte to adjust pH. Focusing voltage, 25 kV. Focusing time, 6 min. Ampholytes{8249) in 1:2 ratio
pH, pH; ApH t, s (min) t; (Min) t, (min) tg (Min) te (Min) t, (min)
12.44 11.84 0.60 6.14 7.75 8.23 8.71 9.14 9.55
12.41 11.84 0.57 6.45 8.53 8.95 9.33 9.74 10.07
12.35 11.88 0.47 7.28 9.79 10.18 10.59 11.01 11.47

pH, corresponds to the initial pH value of the catholyte made with NaOH. pH corresponds to the final pH value of the catholyte after
addition of H, PQ, .ApH corresponds to the difference pHpH;. t, ¢ is the migration time of the internal standatdfor n=3 to 7 is the

migration time of the bands of the major EPO glycoforms.
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different values, with higher pH values corre- Salt could be needed to avoid protein denaturation.
sponding to larger migration times of protein bands Moreover, the presence of a small amount of salt,
but with low effect on resolution. Anodic drift is namely sodium chloride, causing slight currents has
thought as a possible cause for the differences in been mentioned as a possible cause of improved
migration times [9,16]. As lack of reproducibility focusing [17]. Furthermore, the adsorption of the
was probably related to the difficulty of pipetting the Na ions on uncoated silanols of the capillary wall
viscous clEF gel, anolyte was prepared by weight, reducing the interaction of EPO with the capillary
getting constant pH values in the range 1.5-1.6 wall cannot be ruled out [18].
This procedure for sample preparation makes the
3.5. Influence of the focusing time method easy to implement in different laboratories
independently of the origin of the EPO sample under
Comparison of electropherograms obtained using study (i.e. which can contain different types of
the eCAP Neutral Capillaries with 27 cm of total excipients). The current practice only requires elimi-
length together with 1 min and 6 min focusing times nation of the original excipients in the rEPO and to
indicated that mobilization can be started before the add NacCl to get an initial current aroyndl 20
current reaches a constant value. These results show Under the optimized conditions, clEF separation
that focusing times shorter than needed to get a of the major glycoform bands of rEPO may be
constant current value (indicative of complete focus- performed in less than 5 min (Fig. 2).

ing) can be used without loss of resolution [4]. Most

probably the application of the same voltage value

during the mobilization step as that used for focusing 3.7. Selection of migration times and area indexes

helps to reduce the length of the focusing step. for improved precision

Moreover, shorter focusing times would provide a

lower contribution to anodic drift. Unless otherwise Different relationships between migration time of

indicated, focusing time of 1 min was then used in EPO glycoforms and migration time of the internal

the following experiments. standafilactoglobulin were considered. Similarly,
different relationships between corrected areas (the

3.6. Effect of sample solvent peak areas calculated taking into account the migra-
tion time) of the I.S. and EPO bands were compared.

Samples of rEPO diluted 1:1 with water and with
the solution F2 containing part of the original

excipients and obtained as indicated in Section 2 IS
were compared. Initial current under 25 kV was 8.7 0.008 [

pA for the aqueous sample and 30uA for the — I

sample containing F2. No resolution of the EPO E 0.006[

bands was observed in the first case, while good & I

resolution of glycoforms was obtained in the pres- £ 0.004

ence of excipients. The effect of different concen- § I

trations of the two salts contained in the excipients § 0.002

was studied. The best separation of the EPO bands 3 [

was achieved when 0.60 mg/ml sodium chloride, < 0-000F

corresponding to 10 M final concentration, was
added to the (clEF gelampholytes-aqueous rEPO)
mixture originating an initial current value of 28A.
According to these results the presence of a carbohy- Fig. 2.' CIEF electropherogram of rEPO. NaCl to a fingl_ con-
drate and/or a detergent that are present in the centration 10 iVl was _added to rEPO depleted of exmplgnts.
; ) . Anolyte, 91 nM H,PO, in clEF gel, pH 1.58 prepared by weight.
commercial formulation of rEPO is not needed for catholyte, 20 v NaOH titrated to pH 11.86 with K PO . Other

separating several bands of glycoforms. conditions as in Fig. 1.

Time (min)
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The aim was to obtain parameters that are unaffected tained under different conditions was studied. As
by small undesired changes in the analysis. data from different laboratories and different instru-
To select the best migration time and area indexes, ments were not available, three samples from differ-
five groups of experiments were performed. In each ent vials of the same batch of rEPO were analyzed.
group different parameters were kept constant while Samples were depleted of excipients independently.
small variations in other parameters were introduced. F2 was added to the samples to provide conditions
conferring more variability than addition of a known
3.7.1. Intra-assay precision concentration of NaCl. The three samples were
The first set of experiments was performed to prepared and analyzed more than 2 months apart in
calculate the precision of the assay using the same the same capillary. For this assay the focusing time
vial of sample, the same vial of anolyte (pH 1.58), was 6 min. Results are shown with superscript i in
and the same vial of catholyte (pH 11.86) for four Table 2.
analyses. Values of migration times and areas and This part of the study is aimed to estimate the
different ratios between the values obtained for the feasibility of comparing data of bands of glycoforms
major bands of the glycoforms of EPO and those of EPO obtained from different samples with differ-
obtained for the internal standard are shown with ent anolyte and catholyte and in a capillary column
superscript e in Table 2. that has been used for a long time even when some
It can be observed that the lowest relative standard parameters of the method did not correspond to
deviation (RSD) for migration times is obtained optimized values. It can be seen that differences in
when thet, /t, 5 ratio, t, being the migration time of RSD for migration times were decreased from the
each EPO band ant 4 the migration time off3- range 24.9-30.5% to 0.7-1.8% when the indek
lactoglobulin, is considered. For corrected areas the t, 4 instead of the absolute values were considered.
best precision is obtained for thé\(— A 5 )/A, 5 The usefulness of this index can be graphically seen
relationship. in Fig. 3. For corrected areas, precision was also
Repeatability obtained in this way, with RSD very much improved, with RSD 0.7 to 11.7% instead
0.5% and 1.5% for time and area indexes, respective- of 8.9 to 51.2% WhenA, s )/A, 5 instead ofA,
ly, compares favorably with values found in the values were considered.
literature for clEF analysis. Values of RSD for The large variability observed for the area index of
migration time index [, —t s )/t s, t)]= one of the bands could be related to the fact that the

4.7% [19], for migration time=0.9% [20,21],=<1% third analysis was performed when the capillary had
[22,23], and=1.4% [24], and for peak ares2.1% been used for more than 400 analyses. Actually, by
[24], =5.4% [25],=6.0% [21], and=7.5% [22,23] considering only the first two injections, RSD values

have been reported. ofA(— A, s)/A, s decreased markedly, being in
the range 0.4 to 4.0%. Hundreds of runs in a given
3.7.2. Inter-sample preparation, inter-anolyte, and capillary had been reported, but limiting the pH of
inter-catholyte precision ampholytes to 8.5 or less was required [26], while in
To estimate variations due to sample preparation, our case ampholytes in the range 2—-10 were used.

anolyte, and catholyte, experiments shown with

superscripts f to h, respectively, in Table 2 were

performed. It can be observed that in every case the

best relationship of migration times corresponds to 4. Conclusions
thet,/t, g ratio, while the relationshipA, — A, g)/

A, 5 is always the best choice. The use of commercially available capillaries, the
simplicity of sample preparation, the knowledge of
3.7.3. Usefulness of the migration time and area the effect of electrolyte variations and how to control
indexes for inter-assay comparison them, and the employment of relative indexes make
The feasibility of using the selected migration this clEF method precise and easy to implement for

times and area indexes for comparing results ob- rEPO analysis in any laboratory.
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Table 2
Precision (RSD, %) of the different indexes considered for migration time (min) and corrected area (arbitrary units)
Mearf RSO Meah RSD Medn RSD Méean RSD Méan RSD
(%) (%) (%) (%) (%)
t,‘S‘a 2.76 2.0 2.87 1.1 2.89 0.8 2.71 5.4 6.19 26.2
t,° 3.61 1.8 3.73 15 3.75 0.9 3.49 6.2 8.18 26.9
t, 3.90 1.8 4.00 1.8 4.01 1.2 3.72 6.7 8.65 25.9
tg 4.14 1.7 4.29 1.8 4.29 1.2 3.98 7.1 8.02 30.5
te 4.41 1.6 4.57 2.5 4.57 1.3 4.20 7.7 9.32 26.0
t, 4.76 2.3 4.95 2.2 4.97 1.3 4.56 8.6 9.74 24.9
t/t s 1.31 0.2 1.30 0.5 1.30 0.5 1.29 0.8 1.32 0.9
t/t o 1.41 0.2 1.39 0.8 1.39 0.5 1.37 1.4 1.40 1.4
ts/t, o 1.50 0.3 1.49 0.8 1.49 0.5 1.46 1.7 1.45 0.9
te/t, o 1.60 0.4 1.59 1.7 1.58 0.5 1.55 2.4 1.51 0.7
t,/t o 1.73 0.5 1.73 1.2 1.72 0.6 1.68 3.4 1.58 1.8
(t,—t, )/t s 0.31 0.9 0.30 2.1 0.30 2.4 0.29 3.4 0.32 3.9
(t,—t.s)/t s 0.41 0.8 0.39 2.7 0.39 1.9 0.37 5.0 0.40 4.8
(ts—t )/t s 0.50 1.0 0.49 2.4 0.49 1.4 0.46 5.3 0.45 2.9
(ts—t )/t s 0.60 1.1 0.59 4.7 0.58 1.5 0.55 6.8 0.51 2.0
t, —t.s)/t s 0.73 1.1 0.73 2.9 0.72 15 0.68 8.4 0.58 4.9
A’ 11.70 5.3 13.60 7.6 13.60 5.3 14.30 6.7 6.50 18.7
A;’ 0.46 9.1 0.61 11.0 0.61 14.7 0.66 9.6 0.74 25.7
A, 1.48 2.3 1.76 1.7 1.76 4.0 1.96 5.2 1.19 23.7
Ay 2.09 2.1 2.46 3.8 2.46 5.4 2.83 3.1 141 8.9
Ag 1.42 2.8 2.05 4.3 2.05 8.2 2.09 4.9 1.42 51.2
A, 0.63 10.5 0.95 1.4 0.95 7.9 0.99 6.7 0.39 14.3
A A, o 0.04 13.6 0.04 17.1 0.04 15.9 0.05 9.7 0.11 14.7
ALA o 0.13 7.2 0.13 7.7 0.13 8.1 0.14 10.9 0.18 8.3
AJA o 0.18 6.8 0.18 7.0 0.18 9.7 0.20 8.4 0.22 12.9
A A, o 0.12 6.9 0.15 9.7 0.15 12.1 0.15 8.5 0.22 42.3
AIA o 0.05 9.4 0.07 6.7 0.07 11.1 0.07 5.6 0.06 10.3
(A,—A A s —0.96 0.6 -0.96 0.5 -0.96 0.7 -0.95 0.5 -0.89 1.9
(A,—A)A s —087 1.0 -0.87 1.1 -0.87 1.2 -0.86 1.7 -0.82 1.9
(A, —A)IA s —082 15 -0.82 15 -0.82 2.1 -0.80 2.1 -0.78 3.7
(A,—A)IA s —088 1.0 -0.85 1.7 -0.85 2.2 -0.85 15 -0.78 11.7
(A,—A)IA s —0095 0.5 -0.93 0.5 -0.93 0.8 -0.93 0.4 -0.94 0.7

t, ¢, migration time of the internal standar@-{actoglobulin A).

®t,, migration time of the major bands of EPO.

°A s, corrected area oB-lactoglobulin A.

¢ A,, corrected area of the major bands of EPO.

¢ Same sample, same catholyte (pH 11.86), and same anolyte (pH 1.58) are used for all injaetiéysFocusing time, 1 min.

 Same catholyte (pH 11.85) and anolyte (pH 1.52) are used for all injectieng)( Sample vial is changed for every injection. Focusing
time, 1 min.

9 Same catholyte (pH 11.85) and sample vial are used for all injection®). Anolyte is changed for every injection (pH values: 1.52,
1.53, 1.53, 1.57, and 1.60). Focusing time, 1 min.

" Same anolyte (pH 1.53) and sample vial are used for all injectiorss]. Catholyte is changed for every injection (pH values 11.77,
11.88, 11.85, 11.88, and 11.89). Focusing time, 1 min.

" Anolyte, catholyte, and sample vial are changed for every injectien3). Focusing time, 6 min.
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Fig. 3. clEF electropherograms of rEPO. Upper part of the figure
corresponds to representation considering absolute migration
times. Lower part of the figure corresponds to representation
considering relative index of migration time. Focusing time was 6
min. Anolytes (91 il H,PO, in clEF gel) with pH 1.47, 1.48,
and 1.53 and catholytes (20MnNaOH titrated with H PQ ) with

pH 11.91, 11.90, and 11.90 were used in (A), (B), and (C),
respectively. (A) and (B) correspond to analyses performed within
1 week; (C) was performed 2 months later. Other conditions as in
Fig. 1.
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