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Abstract

A novel liquid chromatographic–electrospray ionisation mass spectrometric (LC–ESI-MS) method has been developed for the determination
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f escitalopram, an antidepressant in human plasma using paroxetine as internal standard. The method involved liquid–liquid extra
nalyte from human plasma with a mixture of diethyl ether and dichloromethane (70:30, v/v). The chromatographic separation wa
ithin 7.0 min by using 2.0 mM ammonium acetate (pH 5.0)–acetonitrile (54:46, v/v) as mobile phase and a ODS YMCTM AQ 150 mm
4.6 mm analytical column; the flow-rate was 1.0 ml/min. Ion signalsm/z 325.0 and 330.0 for escitalopram and internal standard,

easured in the positive mode. A detailed validation of the method was performed as per USFDA guidelines and the standard c
ound to be linear in the range of 1.0–200 ng/ml with a mean correlation coefficient more than 0.99. The absolute recovery was
5% for both escitalopram and internal standard. The method was simple, sensitive, precise, accurate and was successfully a
ioequivalence study of escitalopram in healthy, male, human subjects.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Escitalopram is theS-enantiomer of racemic citalopram.
t is highly selective serotonin re uptake inhibitor antidepres-
ant, developed for the treatment of depression and anxiety
isorders[1]. Preclinical studies have demonstrated that the

herapeutic activity of citalopram resides in escitalopram and
he R-enantiomer is approximately 30-fold less potent than
scitalopram[1]. Escitalopram exhibits linear pharmacoki-
etics and its half life in human is 27.0–32.0 h. It has a low
otential for drug–drug interactions.

Quantification of citalopram—the racemic form, has been
erformed in the past[2–19]using HPLC coupled with UV or
uorometric detection employing the two prevalent technique
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of sample pre-treatment, i.e., liquid–liquid extraction (LL
solid phase extraction (SPE) and also by direct injectio
plasma into HPLC without any sample pre-treatment,
online sample purification, pre-concentration and separa
The lower limit of quantitation (LLOQ) for all the reporte
methods ranged from 2.0 to 30.0 ng/ml.

The objective of the present investigation was to dev
a simple and novel method for the determination of esci
pram in human plasma, employing liquid chromatogra
with electrospray ionization mass spectrometric (LC–E
MS) detection. The scope of the method was limited to
bioequivalence study of escitalopram formulations in hea
male, human subjects only and was not applicable for p
macokinetic studies in patients. The study was conduct
order to obtain marketing approval for escitalopram for
lation. The analytical method employed for the quantita
determination of drug in biological matrix plays a signific
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role in the evaluation and interpretation of bioequivalence
data. Therefore, a complete validation of analytical method
was performed in accordance with USFDA guidelines[20] to
yield reliable results that could be satisfactorily interpreted.

2. Experimental

2.1. Materials

Reference standards of escitalopram oxalate (purity,
99.98%) and paroxetine HCl (purity, 99.96%) were prepared
in house (Cadila Health Care Ltd., Ahmedabad, India). Ace-
tonitrile (HPLC grade) was obtained from Merck, Darmstadt,
Germany. Formic acid was supplied by E. Merck (India) Ltd.,
Mumbai, India. Diethyl ether and dichloromethane were pro-
cured from Merck Limited, Mumbai, India. Human plasma
was obtained from Gujarat Blood Bank, Ahmedabad, India.
HPLC Type II Water from Millipore’s Milli-Q System was
used throughout the analysis.

2.2. Stock and working solution preparation

In order to prepare stock solution of escitalopram, 64.5 mg
of escitalopram oxalate was dissolved in 50.0 ml of a mix-
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2.4. Sample preparation

After spiking 50.0�l of the solution of internal standard
to 1000.0�l of plasma samples, liquid–liquid extraction was
performed. To 3.0 ml of the sample, a mixture of diethyl ether
and dichloromethane (70:30, v/v) was added and vortexed
for about 3.0 min. After allowing to settle for 5.0 min., about
2.0 ml of the supernatant organic layer was transferred to
the evaporation tube. The supernatant was evaporated to dry-
ness in the thermostatically controlled water-bath maintained
at 40◦C under the stream of nitrogen for about 15.0 min.
After drying, the residue was reconstituted in 300.0�l of
acetonitrile–water mixture (50:50, v/v).

2.5. Chromatographic and MS conditions

Chromatography was performed on LC–MS system from
Shimadzu Corporation, Kyoto, Japan. The system consisted
of LCMS-2010A liquid chromatograph mass spectrometer
and SIL-HTc autosampler. The data acquisition was carried
out on LC–MS solution version 2.04-H3 software from Shi-
madzu Corporation, Kyoto, Japan. Chromatographic separa-
tion was achieved on ODS YMCTM AQ 150.0 mm× 4.6 mm
5.0� analytical column maintained at 35◦C. The mobile
phase consisting of 2.0 mM ammonium acetate (pH 5.0 with
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fl
o line
(
g and
1 eak
s M)
o nals;
m d in-
t gram
i an
p se of
e

2

2
s of

c ere
p
e were
a to in-
t cali-
b uare
w ed
t la-
t e the
c rd.

the
c tion
c n
ure of water and methanol (50/50, v/v). This solution
urther diluted in the same diluent to obtain two differ
oncentrations: 100.4 and 10.04�g/ml of escitalopram. Th
wo solutions were appropriately diluted in mixture of wa
nd methanol (50:50, v/v) so as to obtain working solut

or calibration standards as; 4016.0, 3012.0, 2008.0, 12
02.4, 200.8, 100.4, 40.2 l and 20.0 ng/ml; and working

utions for quality control samples as: 3212.8 ng/ml (HQ
igh quality control), 1606.4 ng/ml (MQC, medium qua
ontrol) and 60.2 ng/ml (LQC, low quality control).

Stock solution of the internal standard was prepare
issolving about 28.5 mg of paroxetine HCl in 25.0 m
ater and methanol (50:50, v/v) mixture. About 1.0 m

his solution was further diluted to 10.0 ml in the same dilu
o obtain a stock solution of 0.1 mg/ml. About 5.0 ml of
tock solution was diluted to 100.0 ml to obtain a work
olution of 5.0�g/ml of internal standard. All solutions we
tored at 2–8◦C.

.3. Preparation of calibration standards and quality
ontrol sample

To 950.0�l of the drug free human plasma, 50.0�l of
orking solutions of escitalopram and internal standard
dded to yield final respective concentrations as 20
50.60, 100.40, 60.24, 30.12, 10.04, 2.01 and 1.00 ng/
scitalopram and 250.0 ng/ml of internal standard in hu
lasma. QC samples (160.64, 80.32 and 3.01 ng/ml)
repared in a similar manner. All samples were vortexe
.0 min and subjected to liquid–liquid extraction as in Sec
.4.
ormic acid) and acetonitrile (54:46, v/v) was delivered
ow rate of 1.0 ml/min with split ratio of 8:2. About 10.0�l
f sample was injected into LC–MS. Curved desolvation
CDL) and BLOCK temperature was 250◦C. The nitrogen
as flow was maintained at 1.5 l/min for nebulization
0 l/min for drying purpose using a nitrogen generator (P
cientific instruments, USA). Single ion monitoring (SI
f the ions was carried in positive mode and the ion sig
/z325.0 and 330.0, were measured for escitalopram an

ernal standard, respectively. A representative chromato
s exhibited inFig. 1. Quantitation of the analytes in hum
lasma was based on the ratio of the detector respon
scitalopram versus internal standard.

.6. Bio-analytical method validation

.6.1. Linearity and lower limit of quantitation (LLOQ)
In order to establish the linearity of the method, a serie

alibration standards ranging from 1.0 to 200.80 ng/ml w
repared as described previously in Section2.3. Four lin-
arity curves containing eight non-zero concentrations
nalyzed. Ratio of detector response for escitalopram

ernal standard was used for regression analysis. Each
ration curve was analysed individually by using least sq
eighted (1/X) linear regression. All the curves were forc

hrough zero (i.e.,Y intercept was made zero). Back calcu
ions were made from the calibration curves to determin
oncentration of escitalopram in each calibration standa

A correlation of more than 0.99 was desirable for all
alibration curves. The lowest standard on the calibra
urve was to be accepted[20] as the lower limit of quantitatio
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Fig. 1. Representative LC–MS chromatogram in human plasma.

(LLOQ) if the analyte response in the standard was five times
more than that of drug free (blank) extracted plasma. In ad-
dition, the analyte peak in LLOQ sample should be identi-
fiable, discrete, and reproducible with a precision of 20.0%
and accuracy within 80.0–120.0%. The deviation of standards
other than LLOQ from the nominal concentration should
not be more than±15.0%. It was desirable that a minimum
of six non zero standards, including LLOQ, met the above
criteria.

2.6.2. Specificity
Six randomly selected control blank human plasma sam-

ples were processed by the similar liquid–liquid extraction
procedure and chromatographed to determine the extent to
which endogenous plasma components may contribute to the
interference at retention time of analyte and internal standard.

2.6.3. Recovery (extraction efficiency) from plasma
The extraction efficiency of escitalopram was evaluated

by comparing the mean detector response of six quality con-
trol (QC) samples of low (3.01 ng/ml), mid (80.32 ng/ml)
and high (160.64 ng/ml) concentrations to mean detector re-
sponse of six standard solutions of equivalent concentration.
Similarly, the recovery of internal standard was evaluated by
comparing the mean detector response of six plasma samples
t inter-
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b tent,
p
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ion,
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sisted of a calibration curve and six replicates of each LLOQ,
low, mid and high quality control samples. The inter day accu-
racy and precision were assessed by analysis of five precision
and accuracy batches on different occasions. The precision
of the method was determined by calculating the percent co-
efficient of variation (%CV) for the concentrations obtained
for different determinations. For the evaluation of precision,
the deviation of each concentration level from the nominal
concentration was expected to be within±15.0% except for
the LLOQ, for which it should not be more than 20.0%[20].
Similarly, the mean accuracy should not deviate by±15.0%
of the nominal concentration except for the LLOQ where
it should not deviate by more than±20.0% of the nominal
concentration.

2.6.5. Stability
2.6.5.1. Long-term stability.Six aliquot each of low and
high QC samples were kept in deep freezer at−70± 5◦C for
36 days. Thereafter, the samples were processed and analyzed
along with precision and accuracy batch and the concentra-
tions thus obtained were compared with nominal values. All
values within±15.0% of the nominal concentration qualified
the test.

2.6.5.2. Short-term stability.Six aliquots each of the low
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o mean detector response of standards solution of the
al standard at similar concentration. As per the accep
riteria[20] the recovery of the analyte need not be 100.
ut the extent of recovery of an analyte should be consis
recise and reproducible.

.6.4. Accuracy and precision
For determining the intra day accuracy and precis

eplicate analysis of plasma samples of escitalopram in
an plasma was performed on the same day. The run
nd high un-extracted QC samples were kept at ambien
erature (25± 5◦C) for 8 h in order to establish the sho

erm stability of escitalopram in human plasma. Therea
he samples were processed and analyzed. The conc
ions thus obtained were compared with the nominal va
f QC samples and the samples were considered stable
eviation from the nominal concentration was within±15%.

.6.5.3. Autosampler stability.In order to establish the a
osampler stability of escitalopram in human plasma ma
ix aliquots each of low and high QC samples were ke
utosampler maintained at 15◦C, for about 30 h. Thereafte
amples were analyzed and the concentrations thus ob
ere compared with the nominal values. A deviation of m

han±15.0% was undesirable.

.6.5.4. Freeze–thaw stability of frozen plasma samplesEf-
ect of three freeze and thaw cycles on stability of pla
amples containing escitalopram was determined by su
ng six aliquots each of low and high-unextracted qua
ontrol samples (previously frozen at−70 ± 5◦C) to three
reeze–thaw cycles. After the completion of third cycle,
amples were analyzed and the experimental concentr
ere compared with the nominal values. The samples q
ed the test if the deviation from the nominal value was wi
15.0%.

.6.5.5. Solution stability.For determining the solution st
ility, working solutions of 80.2 ng/ml of escitalopram a
.0�g/ml of internal standard was kept at 2–8◦C for 30 days
hereafter, the mean detector response for escitalopram
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five replicate chromatographic runs was compared to that of
mean detector response of freshly prepared solution of same
concentration. The samples qualified the criteria of stability
if the deviation was within±2.0%.

2.7. Study design

The bioequivalence of two oral formulation of esci-
talopram oxalate 20 mg tablet of Cadila Health Care Ltd.,
Ahmedabad, India versus Lexapro tablets containing 20 mg
of escitalopram oxalate of Forest laboratories Inc., USA
was conducted using an experimental design[21] of two
way crossover single blind and randomized study. The study
was conducted on 14 healthy male subject after they had
been informed of the purpose protocol and risk of the study.
All subjects gave written informed consent and local ethics
committee approved the protocol. The study was conducted
strictly in accordance with the current Good Clinical Prac-
tices (GCP), International Conference on Harmonization
(ICH), Indian Council of Medical Research (ICMR) and
USFDA guidelines[21]. The protocol for the study was ap-
proved by Institutional Review Board (IRB), which consti-
tuted of a panel of medical practitioners. The subject were
not allowed to consume any other medicine or alcohol for at
least 8 days during the study. The health of the participant
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Fig. 2. Mean plasma concentrations vs. time graph of escitalopram after
administration of test and reference formulations to healthy, adult, male
human subjects under fasting condition.

dence intervals for the ratios of the means of ln-transformed
pharmacokinetic parameters;Cmax, AUC0–t and AUC0–∞,
conclusions were drawn as to whether the test product was
bioequivalent to the reference product. Bioequivalence was
to be concluded if the 90.0% confidence interval forCmax,
AUC0–t and AUC0–∞ fell within the bioequivalence range
of 80.0–125.0%[22] (Fig. 2).

2.9. Quality assurance

All clinical data generated during the course of the study,
including the clinical, bioanalytical and statistical operations
as well as the reports generated, were subjected to rigorous
quality audits by quality assurance department.

3. Results and discussion

3.1. Bio-analytical method validation

3.1.1. Linearity and lower limit of quantitation
Calibration curves were found to be linear over the range

of 1.0–200.80 ng/ml with the lower limit of quantitation of
1.0 ng/ml. The co-efficient of correlation were found to be
better than 0.99 for all the four calibration curves analysed.
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as judged by studying their clinical history, physical ex
nation and laboratory tests, i.e., hematology, biochem
erology, urine analysis, ECG, X-ray, ability to commu
ate efficiently with study person and willingness to ad
o the protocol requirement. A wash out period of 15 d
as observed between the two phases of the study. B
amples were withdrawn at 0, 1, 2, 3, 3.5, 4, 4.5, 5, 5.
.5, 7, 8, 10, 12, 18, 24, 72, and 120 h after the oral ad

stration of the dose. Samples were centrifuged and pl
as separated and stored at−70± 5◦C until analyzed.

.8. Pharmacokinetic and statical analysis

The descriptive statistics for pharmacokinetic
ameters were computed using WinNonlin Professi
oftware—version 4.0.1. The pharmacokinetic para

ers; maximum plasma concentration (Cmax), time point
f maximum plasma concentration (Tmax), area under th
lasma concentration–time curve from 0 h to the last m
urable concentration (AUC0–t ), area under the plasm
oncentration–time curve from 0 h to infinity (AUC0–∞),
limination rate constant (λZ) and half-life of drug elimi
ation during the terminal phase (t1/2) were determined. Th
omparison of the pharmacokinetic parameters and an
f variance (ANOVA) was carried out using SAS® Release
.2 (SAS Institute Inc., USA) for untransformed and

ransformed pharmacokinetic parameters—Cmax, AUC0–t

nd AUC0–∞. Intra Subject variability and power were c
ulated for untransformed and ln transformed pharma
etic parameters using root mean square error comput
ROC GLM. Based on the statistical results of 90.0% co
able 1exhibits the mean concentrations obtained for
alibration curves.

.1.2. Specificity
No interference was observed in six different lots of d

ree human plasma samples used for analysis, at the ret
imes of either analyte or internal standard.

.1.3. Recovery (extraction efficiency) from plasma
The extraction efficiency of escitalopram from hum

lasma was found to be between 75.33 and 79.92% a
ented inTable 2. The recovery of internal standard w
9.22%.
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Table 1
Summary of calibration standards of escitalopram in human plasma

Concentration
added (ng/ml)

Mean concentration
found (ng/ml)

CV
(%)

Accuracy
(%)

n

1.00 1.08 6.88 107.75 4
2.01 1.83 7.7 90.8 4

10.04 9.52 8.29 94.82 4
30.12 28.67 4.14 95.19 4
60.24 58.34 2.24 96.85 4

100.40 98.03 1.78 97.64 4
150.60 144.72 0.44 96.1 4
200.80 198.29 1.51 98.75 4

Table 2
Extraction efficency (recovery) of escitalopram from human plasma

QC
samples

Concentration
added (ng/ml)

Extraction
recovery (%)

CV
(%)

n

Low 3.01 79.92 5.53 6
Mid 80.32 75.33 6.08 6
High 160.64 78.00 3.60 6

3.1.4. Accuracy and precision
The intra day accuracy of the method was between 99.88

and 107.81% with a precision of 1.22–4.86%. (Table 3). The
inter day accuracy was between 98.42 and 107.30%, (Table 3)
with a %CV of 3.57–9.70. The data indicates that the method
possessed adequate repeatability and reproducibility.

3.1.5. Stability
3.1.5.1. Long-term stability.Escitalopram was stable at−70
± 5◦C for 36 days (long-term stability) in human plasma.

Table 3
Intra day and inter day accuracy of escitalopram in human plasma

Accuracy and
precision

QC
samples

Concentration
added (ng/ml)

Mean
found

Intra day LLOQ 1.00 1.0
Low 3.01 3.2
Mid 80.32 83.1
High 160.64 160.4

Inter day LLOQ 1.00 1.0
Low 3.01 3.2
Mid 80.32 81.4
High 160.64 158.1

Table 4
Summary of stability of escitalopram in human plasma

S conce
(ng/m

L 9
5

S 3
3

A 6

F 1
6

The accuracy for the LQC and HQC samples was 96.01 and
94.84% over the stability testing period in deep freezer at
−70± 5◦C (Table 4).

3.1.5.2. Short-term stability.Escitalopram was found to be
stable for eight hours in human plasma at ambient temper-
ature (25± 5◦C). The accuracy was 95.14 and 100.66% at
the two concentrations studied (Table 4).

3.1.5.3. Autosampler stability.In the autosampler main-
tained at 15◦C, the plasma samples of escitalopram were
stable for 30 h with the accuracy percent of 111.76 and 101.34
at the two concentration levels studied (Table 4).

3.1.5.4. Freeze–thaw stability of frozen samples.Three
freeze–thaw cycles had no effect on the stability of the of
the frozen plasma samples of escitalopram as apparent from
the percent accuracy and %CV data depicted inTable 4.

3.1.5.5. Solution stability.Working solutions of escitalo-
pram and internal standard were found to be stable for 30
days at 2–8◦C.

3.2. Statistical evaluation of pharmacokinetic
p

for-
m orp-
t

tability Concentration
added (ng/ml)

Mean
found

ong term (36.0 days) 3.01 2.8
160.64 152.3

hort term (8.0 h) 3.01 3.0
160.64 152.8

uto sampler (30.0 h) 3.01 3.3
160.64 162.8

reeze–thaw 3.01 2.9
160.64 145.8
concentration
(ng/ml)

CV
(%)

Accuracy
(%)

n

6 4.86 106.33 6
5 3.06 107.81 6
0 1.22 103.46 6
4 1.72 99.88 6

5 9.70 104.50 24
3 4.79 107.30 24
6 3.92 101.42 24
0 3.57 98.42 24

ntration
l)

CV
(%)

Accuracy
(%)

n

2.09 96.01 6
3.20 94.84 6

2.92 100.66 6
1.17 95.14 6

10.15 111.76 6
6.67 101.34 6

3.83 96.68 6
1.79 90.80 6

arameters

The pharmacokinetic comparison between the two
ulations was made in terms of extent and rate of abs

ion.



214 S.S. Singh et al. / J. Chromatogr. B 811 (2004) 209–215

Table 5
Mean pharmacokinetic parameters and 90.0% confidence interval for escitalopram, after the administration of an oral dose of 20 mg of test and reference
formulations to healthy human volunteers

Pharmacokinetic
parameters

Reference formulation
(mean± S.D.)

Test formulation
(mean± S.D.)

Confidence
limit 90.0%

Tmax (h) 5.07± 1.70 4.71± 1.31 78.03–117.30
Cmax (ng/ml) 20.50± 3.70 21.00± 4.33 96.80–107.63
AUC0–t (ng h/ml) 797.64± 378.57 792.69± 348.26 81.24–120.86
AUC0–∞ (ng h/ml) 998.67± 504.89 985.14± 441.53 81.64–117.75
T1/2 (h) 36.06± 12.91 34.15± 16.88 69.29–116.78
λZ (1/h) 0.02± 0.01 0.03± 0.01 85.63–144.33

3.2.1. Rate of absorption
The pharmacokinetic parametersCmax andTmax indicate

the rate at which the drug is absorbed in vivo. The meanCmax
for reference and test formulations were 20.50± 3.70 and
21.00±4.33 ng/ml (Table 5), respectively. The two one-sided
90.0% confidence interval for the ratios of the ln-transformed
means ofCmax was found to be 96.80–107.63% (Table 5)
complying the acceptance criteria required for the conclu-
sion of bioequivalence. The meanTmax for reference and test
formulations were 5.07± 1.70 and 4.71± 1.31 h (Table 5),
respectively.

3.2.2. Extent of absorption
Area under the plasma concentration–time curve from 0 h

to the last measurable concentration (AUC0–t ) and area un-
der the plasma concentration–time curve from 0 h to infinity
(AUC0–∞) define the extent of exposure of the drug to the
body. The mean (AUC0–t ) for reference and test formula-
tions were 797.64± 378.57 and 792.69± 348.26 ng h/ml
and the mean values for (AUC0–∞) were 998.67± 504.89
and 985.14± 441.53 ng h/ml (Table 5), respectively. The
two one-sided 90.0% confidence interval for the ratios of
the ln-transformed mean for AUC0–t and AUC0–∞ was
81.24–120.86 and 81.64–117.75% (Table 5), respectively,
which complied the criteria of 80.0–125.0%, required for
t t for
u
a han
f ively.

mu-
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a
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T ray
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liquid–liquid extraction followed by isocratic chromato-
graphic separation. The LC–ESI-MS method was capable
of estimating 1.0 ng/ml of escitalopram accurately in human
plasma with high degree of reproducibility. The method was
robust and was successfully applied to bioequivalence study
of escitalopram in healthy, human subjects.

The analysis of pharmacokinetic parameters confirmed
that the test product (escitalopram Oxalate tablets containing
20 mg escitalopram) manufactured by M/s. Cadila Healthcare
Ltd., India was bioequivalent the reference product (Lexapro
tablet containing 20 mg of escitalopram of M/s. Forest Lab-
oratories Inc., USA) were bioequivalent in terms of rate and
extent of absorption.
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