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bstract

A simple, rapid, sensitive and specific liquid chromatography-tandem mass spectrometry method was developed and validated for quantifi-
ation of metoprolol tartrate (MT) and ramipril, in human plasma. Both the drugs were extracted by liquid–liquid extraction with diethyl
ther–dichloromethane (70:30, v/v). The chromatographic separation was performed on a reversed-phase C8 column with a mobile phase of

0 mM ammonium formate–methanol (3:97, v/v). The protonated analyte was quantitated in positive ionization by multiple reaction monitoring
ith a mass spectrometer. The method was validated over the concentration range of 5–500 ng/ml for metoprolol and ramipril in human plasma.
he precursor to product ion transitions of m/z 268.0–103.10 and m/z 417.20–117.20 were used to measure metoprolol and ramipril, respectively.
2007 Elsevier B.V. All rights reserved.
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. Introduction

According to World Health Organization (WHO) estimates
n 2003, about 16.7 million people around the globe die of car-
iovascular diseases each year. This is over 29% of all deaths
lobally [1]. Cardiac attacks occur at rest or during sleep and are
npredictable. They are due to localized coronary vasospasm.
here are many drugs available which are aimed at preventing
nd relieving coronary vasospasm. One class of drugs which aids
n preventing cardiac attack is � blockers. Metoprolol belongs to
he class of � blockers. This class of compounds acts by reduc-

ng cardiac work and oxygen consumption. They are effective in
ecreasing the frequency and severity of attacks and increasing
xercise tolerance in classical angina [2].
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� blockers are to be taken on a regular schedule and not on
as and when required” basis. The dose has to be individualized.
brupt discontinuation after chronic use may precipitate severe

ttacks even myocardial infarction (MI). So a sustained release
osage form of any � blockers would reduce the frequency of
osing.

The angiotensin converting enzyme (ACE) inhibitors are
ne of the first choices of drugs in all grades of hypertension.
amipril belongs to the class of angiotensin converting enzyme

ACE) inhibitors. Most patients require relatively low doses
2.5–10 mg/day) which are well tolerated. When used alone,
hey control hypertension in 50–60% of patients. When com-
ined with a � blocker/diuretic their therapeutic efficacy extends
o 90% because of supraadditive/synergistic effect. Inhibition
f ACE lowers blood pressure by decreasing vasoconstriction.
CE inhibitors are the most appropriate antihypertensive in

atients with diabetes, nephropathy [2].

There are various therapies available for treatment of some
ife threatening diseases like malaria, tuberculosis (TB), hyper-
ension etc. Combination therapy has become the standard for
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Fig. 1. Chemical structure of analysed compounds.

reating many of these diseases. In practice, a large majority of
ypertensives ultimately require two or more drugs. Since blood
ressure is kept up by several interrelated factors, an attempt
o block one of them tends to increase compensatory activity
f others. It is rational in such cases to combine drugs with
ifferent mechanisms of action or different patterns of haemo-
ynamic effects. Drugs which increase plasma rennin activity
ike diuretics, vasodilators, ACE inhibitors may be combined
ith drugs which lower plasma rennin activity—� blockers,

lonidine, methyldopa [2]. Therefore, fixed dose combinations
FDCs) remain the first choice when they are available. Co
listered combinations (CBCs) are the second choice. Single
roducts are third but least desirable. This therapy has the ben-
fits of slowing resistance, improving clinical outcomes, and
acilitating logistics.

In one of our studies, we had formulated a bilayer tablet
ontaining metoprolol tartrate and ramipril as a fixed dose com-
ination product. So an analytical method for the simultaneous
etermination of both the analytes in plasma was necessary.
ig. 1 shows the chemical structure of Metoprolol, ramipril and
tenolol (IS) used in this study.

Literature survey reveals few analytical methods for the
etermination of ramipril viz. voltammetry [3], capillary elec-
rophoresis [4], GC–MS [5], HPLC [6–8], LC–MS/MS [9],
adioimmunoassay [10].
Determination of metoprolol, viz HPLC [11–16], LC–MS
17–20], GC–MS [21–22] has been reported. Enantiomers of
etoprolol have also been determined by HPLC [23–25]. Usu-

lly in a clinical study, large numbers of samples are collected.

2

i
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o a rapid and reliable assay method is essential to analyse such
uge pool of samples in a very short time. An ideal method
hould have simple sample preparation, fast on-column separa-
ion and sensitive and specific detection. Liquid chromatography
oupled with mass spectrometry (LC–MS/MS) is one such effi-
ient analytical tool which meets most of the above needs [26]
articularly in simultaneous analysis of fixed dose combination
osage forms. LC–MS/MS method facilitates analysing large
amples in a very short period of time. Previously reported meth-
ds either had long retention time (10–15 min) or suffered from
ow sensitivity and in some cases required large sample injec-
ion volumes (100 �l). There are various methods reported for
he determination of MT and ramipril separately. To the best
f our knowledge, there is no method reported in the literature
or the simultaneous determination of these analytes. Hence the
ain objective of this work was to develop a simple, sensitive

apid and reliable mass spectrometry (LC–MS/MS) method for
he simultaneous quantification of metoprolol and ramipril in
uman plasma.

. Experimental

.1. Chemicals and reagents

Metoprolol tartrate was obtained from Aurobindo labora-
ories, (Hyderabad, India) Ramipril was supplied by Aristo
harmaceuticals (Mandideep, India). HPLC grade ammonium
ormate and methanol were purchased from Merck (Mumbai).
PLC grade water generated from Milli Q water purification

ystem was used throughout the analysis.

.2. Apparatus

The LC system used was a Shimadzu series LC 20 AT pump,
PD 20A Ultra Violet/Visible detector, CTO 10 AS VP col-
mn oven, SIL 20 AC auto-sampler (Kyoto, Japan). The mass
pectrometer system used was a API 2000 triple quadrupole
ass spectrometer (MDS Sciex, Canada) equipped with electro-

pray ionization (ESI) source. Data acquisition was performed
ith Analyst 1.4.1. software. Chromatographic separation was

chieved on a C8 column, 50 mm × 3 mm i.d., 3 �m (Phe-
omenex, USA).

.3. Chromatographic conditions

The chromatographic analysis was carried out at ambient
emperature. Mobile phase used for separation of the analytes
as methanol:10 milli molar ammonium formate buffer (97:3,
/v). The flow rate was set at 1 ml/min. The injection volume was
0 �l and the total run time was 5 min. The column was main-
ained at ambient temperature (23 ◦C) whilst the autosampler
emperature was set at 10 ◦C.
.4. Mass spectrometry

Electrospray ionization (ESI) with multiple reaction mon-
toring (MRM) was used to acquire the mass spectra of the
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Table 1
Main working parameters for mass spectrometry

Parameter Value

Curtain gas (psi) 10.00
Ion spray voltage (V) 5500.00
Source gas temperature (◦C) 500.00
Ion source gas 1 (psi) 30.00
Ion source gas 2 (psi) 60.00
Collision associated dissociation (CAD gas) 6.00

Parameter Metoprolol
Tartrate

Ramipril Atenolol (IS)

Declustering
potential (V)

26.00 20.00 28.00

Focusing
potential (V)

394.00 375.00 395.00

Entrance
potential (V)

10.00 10.00 10.00

Collision energy
(V)

49.00 55.00 35.00

Collision cell exit 4.00 3.00 5.00
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potential (V)
Ion transition m/z 268.0 → 103.10 417.20 → 117.20 267.10 → 145.10

ompounds. Ions were measured in positive ionization mode.
he tuning parameters were optimized by injecting 100 ng/ml
f standard solution containing all three drugs at 20 �l/min by
eans of an external syringe pump directly connected to the
ass spectrometer. The turbo ion spray source temperature was

et at 500 ◦C and the turbo ion spray voltage was set at 5500 V.
he nebulizer gas (GS1), the turbo ionspray gas (GS2) and

he curtain gas values were set at 30, 60 and 10 units respec-
ively. The collision associated dissociation (CAD) gas value
as fixed at 6 (arbitary units). Optimized values of compound

elated parameters and source gas parameters are summarized
n Table 1.

.5. Standard solutions

Separate solutions containing 1 mg/ml of MT, ramipril and IS
ere prepared using water, water and methanol (50:50 v/v), and
ethanol for the three drugs, respectively. These solutions were

urther diluted suitably with the diluents to obtain a stock solu-
ion of 10 �g/ml. The stock solutions prepared for the drugs were
iluted further to obtain seven working solutions for calibration
tandards. All solutions were stored at 2–8 ◦C.

.6. Calibration curves

A seven point standard calibration solutions of MT and
amipril was prepared by spiking blank plasma with appropriate
mounts of analytes and IS (100 ng/ml). Standard curves were
repared in human plasma to yield final concentrations of 5, 10,
5, 50, 100, 250 and 500 ng/ml for both the analytes. Three qual-

ty control (QC) samples were prepared at three concentration
evels of 20, 250 and 400 ng/ml for both the analytes. Calibra-
ion curves were plotted with peak area ratio of drug and IS on
-axis and concentration on X- axis.
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.7. Sample preparation and extraction

Liquid–liquid extraction procedure was used for the extrac-
ion of the drug from the plasma. Calibration standards, quality
ontrol samples were treated with 3 ml mixture containing
iethyl ether and dichloromethane (70:30, v/v). Fifty microlitres
f internal standard (100 ng/ml) were added to each plasma
ample (0.25 ml) and vortex mixed for 10 min followed by cen-
rifugation for another 10 min. The organic layer containing
he analytes was separated, transferred to a separate test tube
nd evaporated to dryness under a stream of N2 at 40 ◦C. The
esidue obtained on drying was reconstituted with the 250 �l of
obile phase. The reconstituted sample was transferred to an

uto sampler vial and injected into the liquid chromatography
ass spectrometry (LC–MS/MS) system.

.8. Validation

The accuracy, sensitivity, precision, stability, recovery, repro-
ucibility and reliability of the analytical method was con-
rmed by validation in accordance with the USFDA guidelines
27].

.8.1. Linearity and LLOQ
To establish linearity, a series of calibration standards were

repared by adding a known concentration of MT, Ramipril and
S to drug free human plasma and analysed. The lowest concen-
ration on the standard curve with detector response five times
reater than the drug free (blank) human plasma was consid-
red as the LLOQ. The analyte peak in LLOQ sample should be
dentifiable, discrete and reproducible with a precision of 20%
nd an accuracy of 80–120%.

.8.2. Specificity
Specificity is the ability of an analytical method to differen-

iate and quantify the analyte in presence of other components
n the sample. The specificity of the method was evaluated by
creening six lots of blank plasma. These lots were spiked with
nown concentration of analytes along with IS at low, medium
nd high concentrations. The spiked samples were analysed
fter extraction to confirm lack of interference and absence of
ot-to-lot variation.

.8.3. Accuracy and precision
Intra day precision and accuracy of the assay was evalu-

ted by running three validation batches on three separate days.
ach batch consisted of one set of calibration standards and
ve replicates of quality control (QC) samples at low, medium
nd high concentration. The inter day precision and accuracy
as also assessed in similar manner. A comparison was made
etween the obtained values and the experimental values. Preci-
ion was expressed as percentage of relative standard deviation
%R.S.D.). The mean value of accuracy should be within 15% of

he actual value except at LLOQ, where it should not deviate by

ore than 20%. The precision determined at each concentration
evel should not exceed 15% of R.S.D. except for the LLOQ,
here it should not exceed 20% of R.S.D.
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.8.4. Extraction recovery and matrix effect
The extraction recovery of the analytes from the plasma was

valuated by comparing the mean detector responses of three
eplicates of processed QC samples at low, medium high concen-
rations to the detector responses of standard solutions of same
oncentration. Recovery of an analyte need not be 100%, but the
xtent of recovery of analyte and the IS should be consistent,
recise and reproducible [27].

Endogenous matrix components may change the efficiency
f droplet formation or droplet evaporation, which in turn affects
he amount of charged ion in the gas phase that ultimately reaches
he detector [28–30]. Two sets of samples were prepared by
irectly spiking the analytes into reconstitution solution with and
ithout the presence of residue extracted from control plasma.

on suppression was assessed at three QC sample concentra-
ions by comparing the mean analyte peak areas obtained from
hese two sets of testing samples. The matrix effect (ME) was
alculated by using the equation:

E = Aep

Ans
× 100

here Aep and Ans represent the analyte peak area of the extracted
lasma residue and the neat solution, respectively.

.8.5. Stability

.8.5.1. Long and short term stability. Three aliquots of each
ow and high QC samples were kept in deep freezer at

20 ◦C ± 5 ◦C for 1 month. The samples were processed and
nalysed and the concentrations obtained were compared with
he actual value of QC samples to determine the long-term sta-
ility of analyte in human plasma.

Three aliquots each of high and low unprocessed QC samples
ere kept at ambient temperature (20–30 ◦C) for 8 h in order to

stablish the short-term stability of the analytes. The samples
ere analysed and the concentrations obtained were compared
ith the actual values of QC samples. Samples were concluded

table if the %R.S.D. of the stability samples was within ±15%
f the actual value.

.8.5.2. Post preparative stability. Three aliquots each of high
nd low QC samples were stored at 10 ◦C in an auto sampler for
4 h, analysed and the concentrations were compared with the
ctual values. Stability was concluded when the %R.S.D. was
ithin ±15% of the actual value.

.8.5.3. Stock solution stability. Separate standard stock solu-
ions containing 500 ng/ml of Ramipril, MT, IS were prepared
nd stored at 2–8 ◦C for 30 days. The response obtained from the
hree drugs was calculated and compared with that of the freshly
repared solutions of the same concentration with an acceptable
imit of ±2% [31].

.8.5.4. Freeze–thaw stability. The stability of the analytes

fter three freeze and thaw cycles was determined at low, high
C samples. The samples were stored at −20 ◦C for 24 h

nd thawed unassisted at room temperature. After completely
hawing, the samples were refrozen for 12–24 h. After three
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reeze–thaw cycles, the concentration of the samples were anal-
sed.

.8.5.5. Dry state stability. Three aliquots each of low and high
C samples were stored at −20 ◦C without reconstitution after

xtraction (i.e. in dry state). The samples were analysed after
4 h and a deviation of ±15% was acceptable.

. Results and discussion

.1. Internal standard

A stable isotope labeled analyte has to be used as an IS to
eal with sample matrix effects. Since such IS is not available
ommercially, an alternative approach has been used. IS cho-
en should match the chromatographic properties, recovery and
onization properties of the analyte [32]. Atenolol was found to

atch these criteria and therefore was chosen as an IS. Other
nternal standards like nebivolol and carvedilol were also tried
ut were rejected because of their low recovery and inefficient
xtraction. Atenolol was selected because of its high recovery
nd also the intensity of MT and ramipril molecular ion peaks in
ass spectrometric analysis remained unaffected as compared

o carvedilol. Good chromatographic separation was another
eason for its selection.

.2. LC–MS/MS analysis

LC–MS/MS was employed for the simultaneous quantifica-
ion of MT and ramipril in human plasma. To the best of our
nowledge there is no LC–MS/MS method reported for the
imultaneous determination of these drugs in human plasma.
he LC–ESI-MS/MS in MRM mode provided a highly selective
ethod for the simultaneous determination of MT and ramipril

n human plasma. ESI source provided a better ionization of the
ompounds as compared to the atmospheric chemical ionization
APCI). The positive mode of ionization was selected because
he intensity of the molecular ion peaks was more in positive

ode.
Fig. 2 represents the full scan mass spectra of MT, ramipril

nd IS. The exact mass of MT, ramipril and IS were found to
e m/z 268.00, 417.20 and 267.1, respectively. Fig. 3 shows the
roduct ion mass spectra of MT, ramipril and IS, respectively.
he corresponding exact mass of the fragment ions were found
t m/z of 103.10, 117.20 and 145.10

Quantitation of analytes in human plasma was based on the
etector response ratio of analytes to IS. Total run time set for
he samples tested was 5 min as shown in Fig. 4. The results indi-
ated that a run time of 2 min was sufficient for sample analysis.
n repeated injection of the samples, the retention time never

hifted beyond 10 to 15 s. MT, ramipril and IS were eluted at
etention times of 0.80, 0.92 and 0.32 min respectively (Fig. 4).
he main analytes MT and ramipril were separated with good
esolution. Complete chromatographic separation of MT and IS
as not achieved under the set analytical conditions. However
ue to high selectivity of tandem MS, complete chromatographic
eparation is not necessary any more [33]. The main advantage
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Fig. 2. LC–ESI-MS/MS full scan spectra of (A) metoprolol tartrate

f this method is that a relatively large number of samples can
e analysed in short time thus increasing the output.

.3. Linearity
The calibration curves were found to be linear over a range of
–500 ng/ml for ramipril, MT. Table 2 summarizes the results of
alibration. The average correlation coefficients obtained were
.9976 and 0.9962 for MT and ramipril, respectively. The LLOQ

M
R
s

ng/ml), (B) ramipril (500 ng/ml) and (C) atenolol (IS) (100 ng/ml).

as found to be 5 ng/ml. and LOD was found to be 1 ng/ml for
oth the analytes.

.4. Specificity
No significant peaks were observed at the retention times of
T, ramipril and IS in human plasma spiked with the analytes.
epresentative chromatograms of blank plasma, blank plasma

piked with MT, ramipril, IS are shown in Fig. 4.
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Fig. 3. Product ion mass spectra of (a) metoprolol tartrate (50

.5. Accuracy and precision

Table 3 summarizes the mean values of accuracy and pre-
ision for both intra and inter day assays. Both precision and
ccuracy were within the acceptable ranges for bioanalytical
urpose. Intra day precision ranged from 4.89 to 8.42% for
T and 1.57 to 6.81% for ramipril. Inter day precision ranged

rom 7.2 to 11.11% for MT and 2.72 to 4.78% for ramipril.

he percentage of accuracy was in the range of 94.40–100.03%

or MT and between 96.37 and 99.15% for ramipril. The
ssay method demonstrated high degree of accuracy and pre-
ision.

b
I

p

l), (b) ramipril (500 ng/ml) and (c) atenolol (IS) (100 ng/ml).

.6. Extraction recovery and matrix effect

Recovery results presented in Table 4 show that the maximum
ecovery was achieved with Atenolol (81.56%) followed by MT
77.68%). Ramipril extraction recovery ranged from 64.53 to
7.51%. The extraction recovery was found to be satisfactory
s it was consistent, precise and reproducible. Thus single step
iquid–liquid extraction procedure used in this method proved to

e efficient and simple enough to extract three drugs (including
S) simultaneously from human plasma.

The endogenous components are mainly the cause of ion sup-
ression effects during electrospray ionization. The extent of this
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Fig. 4. Representative chromatograms of (i) blank plasma, (ii) extracted ion chromatogram of blank plasma spiked with (a) metoprolol tartrate (500 ng/ml), (b)
ramipril (500 ng/ml) and (c) IS (100 ng/ml), respectively.

T
L

A

M
R

able 2
OD, LOQ and calibration results

nalyte Regression equation R2

etoprolol tartrate y = 0.005x − 0.002 0.9976
amipril y = 0.0306x + 0.1419 0.9962
LOD (ng/ml) LOQ (ng/ml) Range (ng/ml)

1 5 5–500
1 5 5–500
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Table 3
Intra- and inter-day precision and accuracy for MT and Ramipril

Analyte QC sample (ng/ml) Intra-day variation Inter-day variation

Mean ± S.D. R.S.D.% Accuracy% Mean ± S.D. R.S.D.% Accuracy%

MT 20 19.25 ± 1.05 5.45 96.25 18.88 ± 1.43 7.57 94.40
250 252.11 ± 12.24 4.89 100.84 250.09 ± 18.18 7.26 100.03
400 389.96 ± 32.83 8.42 97.49 387.11 ± 43.15 11.11 96.77

Ramipril 20 20.33 ± 0.32 1.57 101.65 19.83 ± 0.54 2.72 99.15
250 242.56 ± 16.54 6.81 97.02 240.92 ± 11.54 4.78 96.37
400 389.94 ± 11.96 3.06

S.D.: Standard deviation; %relative standard deviation (R.S.D.) = (standard deviation

Table 4
Extraction recovery of metoprolol tartrate and ramipril (n = 3)

Analyte QC sample (ng/ml) Extraction recovery% R.S.D.%

MT 20 75.52 11.14
250 75.54 7.65
400 77.68 5.88

Ramipril 20 64.53 8.64
250 67.51 9.22
400 66.52 6.42
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nternal standard 100 81.56 4.14

Relative standard deviation (R.S.D.) = (standard deviation/mean) × 100.

ffect is mainly dependent on sample extraction procedure and
s also compound dependent [34]. The results indicated that the

atrix components did not alter or deteriorate the performance
f the proposed method as the %R.S.D. of three QC samples
as less than 7.53, 4.82 and 2.05% for MT, ramipril and IS,

espectively. The matrix effect on the estimation of the analytes
as found to be negligible.

.7. Stability
Table 5 summarises the results of stability study carried out
nder various conditions. Both the analytes were found to be
table at ambient temperature (20–30 ◦C) for at least 8 h in

a
f
t
s

able 5
tability summary of metoprolol tartrate and ramipril (n = 3)

tability QC sample (ng/ml) Metoprolol tartrate

Mean ± S.D. R.S.D

ong term (30 days) 20 19.03 ± 2.04 10.71
400 384.16 ± 9.14 2.37

hort term (8 h) 20 19.63 ± 1.51 7.69
400 387.92 ± 16.68 4.30

ost preparative (24 h) 20 20.14 ± 0.12 0.59
400 388 ± 22.09 5.69

reeze thaw 20 19.37 ± 1.11 5.73
400 383.96 ± 10.51 2.73

ry Extract (24 h) 20 19.03 ± 0.86 4.51
400 379.36 ± 26.73 7.04

Relative standard deviation (R.S.D.) = (standard deviation/mean) × 100; S.D. = stan
97.48 388.44 ± 17.08 4.39 97.11

/mean) × 100; (n = 5).

uman plasma. The percentage of accuracy obtained was more
han 96.98 and 96.09% for MT and ramipril respectively. The
QC and HQC samples of both the analytes remained unaf-

ected at −20 ◦C for one month. In an autosampler maintained
t 10 ◦C, plasma samples of MT and ramipril were stable for
ore than 24 h. The freeze thaw stability results showed that
T and ramipril are stable for at least three freeze thaw cycles.

tability results indicated that human plasma samples could be
hawed and refrozen without compromising the integrity of the
amples.

Extracted and dried residues were stable for 24 h without any
hange in the concentration. Working solutions of MT, ramipril
nd IS were stable and the deviation was less than ±2%. There
as no much degradation in the solutions even after 30 days.

. Conclusion

The method described is highly specific due to the inherent
electivity of tandem mass spectrometry. The method demon-
trates high throughput capability because of the short time
equired for analysis. Both the analytes were found to be stable
n human plasma for 30 days when stored at −20 ◦C. A simple

nd convenient extraction procedure makes this method more
easible for the bioanalysis of MT and ramipril. It is expected
hat this method can also be applied to clinical and toxicological
tudies.

Ramipril

.% Accuracy% Mean ± S.D. R.S.D.% Accuracy%

95.18 18.95 ± 0.89 4.60 94.79
96.04 381.96 ± 25.14 6.58 95.49

98.15 19.79 ± 1.94 9.81 98.96
96.98 384.36 ± 35.54 9.24 96.09

100.72 19.91 ± 0.54 2.71 99.59
97.00 387.96 ± 18.89 4.86 96.99

96.87 19.42 ± 1.11 0.57 97.13
95.99 383.56 ± 42.98 11.20 95.89

95.19 19.48 ± 0.94 4.82 97.42
94.84 375.92 ± 31.11 8.27 93.98

dard deviation.
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