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ent-16-Oxobeyeran-19-N-methylureido (NC-8) is a recently synthesized derivative of iso-

steviol that showed anti-hepatitis B virus (HBV) activity by disturbing replication and gene

expression of the HBV and by inhibiting the host toll-like receptor 2/nuclear factor-kB

signaling pathway. To study its pharmacokinetics as a part of the drug development pro-

cess, a highly sensitive, rapid, and reliable liquid chromatography tandem mass spec-

trometry (LCeMS/MS) method was developed and validated for determining NC-8 in rat

plasma. After protein precipitation extraction, the chromatographic separation of the an-

alyte and internal standard (IS; diclofenac sodium) was performed on a reverse-phase Luna

C18 column coupled with a Quattro Ultima triple quadruple mass spectrometer in the

multiple-reaction monitoring mode using the transitions, m/z 347.31 / 75.09 for NC-8 and

m/z 295.89 / 214.06 for the IS. The lower limit of quantitation was 0.5 ng/mL. The linear

scope of the standard curve was between 0.5 and 500 ng/mL. Both the precision (coefficient

of variation; %) and accuracy (relative error; %) were within acceptable criteria of <15%.

Recoveries ranged from 104% to 113.4%, and the matrix effects (absolute) were non-

significant (CV � 6%). The validated method was successfully applied to investigate the

pharmacokinetics of NC-8 in male SpragueeDawley rats. The present methodology pro-

vides an analytical means to better understand the preliminary pharmacokinetics of NC-8

for investigations on further drug development.
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1. Introduction

Hepatitis B is inflammation of the liver caused by the hepatitis

B virus (HBV; of the hepadnavirus family) [1] and is a signifi-

cant global health problem with an estimated exposure of

approximately three-quarters of the worlds' population and

the highest prevalence being in sub-Saharan Africa and Asia

[2]. HBV infection ranges from acute clinically asymptomatic

hepatitis with resultant clearing of hepatitis B surface antigen

(HBsAg) to chronic hepatitis with detectable HBsAg in the

serum for more than 6 months. HBV infection can lead to a

reduction in liver function and liver cirrhosis. Chronic hepa-

titis caused by HBV has been linked to hepatocellular carci-

noma (HCC) [3]. Current treatments for HBV infection involve

nucleoside/nucleotide analogs and interferon (IFN). However,

these treatments do not eliminate the virus, have low hepa-

titis B envelope antigen (HBeAg) and hepatitis B surface anti-

gen (HBsAg) clearance rates, and produce limited inhibition of

progression to HCC [4].

Using naturally occurring molecules as starting points for

synthesizing potential drug molecules in drug discovery is

well known [5]. Interest in stevioside, a natural sweetener

extracted from Stevia rebaudiana (Bertoni) Bertoni (Composi-

tae) [6], led to the discovery of pharmacological activities of its

aglycone derivatives including steviol [7,8], dihydroisosteviol

[9,10], and isosteviol [11e13]. Semi-synthesis using isosteviol

produced several pharmacologically active derivatives with

antiviral [14e16], anti-inflammatory [17,18], cytotoxic [19e21],

and a-glucosidase-inhibitory [22] activities. One such deriva-

tive, ent-16-oxobeyeran-19-N-methylureido (NC-8; Fig. 1), was

shown to be effective against HBsAg and HBeAg secretion in

HBV-transfected cell-lines. Its 50% inhibitory concentration

(IC50; 7.89 mg/mL) for inhibiting HBsAg secretion was more

potent than the reference drug lamivudine (49.13 mg/mL). The

anti-HBV activity of NC-8 in Huh7 cells was achieved through

inhibition of viral gene expression, reduction of levels of

encapsidated viral DNA intermediates, and inhibition of the

host cell's toll-like receptor 2 (TLR2)/nuclear factor (NF)-kB

signaling pathway [15]. This mechanism of action is distinct

from that of typical HBV reverse-transcriptase/polymerase

inhibitors and other inhibitors that activate the TLR2/NF-kB

signaling pathway. It is important to characterize NC-8's pre-

liminary pharmacokinetic properties for further drug devel-

opment. Thus, a bioanalytical method development,

validation, and application to pharmacokinetic investigations
Fig. 1 e Chemical structures of ste
of NC-8 were carried out as an essential part of the drug dis-

covery process. The analysis of pharmacokinetic data by

liquid chromatographyetandem mass spectrometry (LCeMS/

MS) offers greater sensitivity and is less time consuming

[23,24]; however, the method used in the analysis of bio-

samples must be validated in order to ensure the reliability

and accuracy of the bioanalytical results. To our knowledge,

this is the first time that a bioanalytical method for analyzing

NC-8 has been developed.
2. Methods

2.1. Chemicals and materials

NC-8 (�97.0% purity) was synthesized from isosteviol (Fig. 1)

as described in our previous report [15]. The purity and

chemical composition were verified by an elemental analysis

using an Elementar Vario EL cube for CHNS (Elementar Ana-

lysensystem, Hanau, Germany). The internal standard (IS)

used was diclofenac sodium (purity, 99%), which was pur-

chased from Sigma (St. Louis, MO, USA). High-performance LC

(HPLC)-grade acetonitrile, methanol, and formic acid were

purchased from Merck (Darmstadt, Germany). Water was

purified by an RDI reverse osmosis/deionizer system (Luton

Technic, Taipei, Taiwan). Blank rat plasma was collected in

our laboratory from male SpragueeDawley (SD) rats pur-

chased from BioLASCO Taiwan (Taipei, Taiwan).

2.2. Instruments

The LCeMS/MS system consisted of a Waters Alliance 2795

chromatographic system (Milford, MA, USA) and a Quattro

Ultima triple quadruple (Milford, MA, USA). The system con-

trol and data analysis were performed with Masslynx soft-

ware, vers. 4.1.

2.3. LC conditions

Chromatographic separation was carried out on a reverse-

phase Luna® 5 mm C18(2) 100 �A 50 � 2.0-mm column (Biosil)

from Phenomenex (Torrance, CA, USA). The HPLC mobile

phase system was isocratic consisting of acetonitrile (55%,

phase A), water (35%, phase B), and 0.1% formic acid in water

(10%, phase C) at a flow rate of 0.200 mL/min. The sample

injection volume was 50 mL.
vioside, isosteviol, and NC-8.
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2.4. MS conditions

The mass spectrometer was operated with electrospray ioni-

zation (ESI) in the positive ion mode. The MS/MS spectra of

NC-8 produced one fragment at m/z 75.09 while the MS/MS

spectra of diclofenac sodium (IS) produced several fragments

(m/z 249.67, 214.06, 148.87, and 69.04). However, one fragment

at m/z 214.06, a diagnostic fragment for diclofenac [25], was

abundant enough for detection. Based on the MS/MS spectra

of both analyte and IS producing single abundant fragment

ions, themultiple reactionmonitoring (MRM) transitions were

performed at m/z 347.31 / 75.09 for NC-8 and m/z 295.89

/ 214.06 for the IS (Fig. 2). The electrospray parameters used

were an electrospray capillary voltage of 3.20 kV, a source

temperature of 80 �C, and a desolvation temperature of 400 �C.
The cone and desolvation gas flows were 54 and 534 L/h,

respectively. The cone voltage was 15 V. The collision poten-

tial was 20 V, while the entrance and exit potentials were �1

and 2 V, respectively. The multiplier voltage was set to 750 V.

2.5. Standard solutions, calibration, and quality control
samples

Stock solutions at a concentration of 1.0mg/mLwere prepared

by separately dissolving 10 mg of NC-8 and 10 mg of IS in

10 mL of methanol. Standard working solutions were then

prepared by serial dilution of stock solutions with 100%

acetonitrile to obtain working solutions with concentrations

of 0.05, 0.5, 5, and 50 ng/mL.

Calibration standards were prepared by spiking 50 mL of

blank rat plasma with a freshly prepared working solution at

concentrations of 0.05, 0.5, and 5 ng/mL to achieve standards

with concentrations of 0.5, 1, 2, 5, 10, 20, 50, 100, 200, and

500 ng/mL.

Quality control (QC) samples were prepared by spiking

50 mL of blank rat plasma with freshly prepared working so-

lutions of 0.05, 0.5, 5, and 50 ng/mL to obtain the lower limit of
Fig. 2 e Parent and daughter mass spectra for NC-
quantitation (LLOQ), low quality control (LQC), medium qual-

ity control (MQC), high quality control (HQC), and two-

(2� DQC), five- (5� DQC), and ten-fold-diluted quality control

(10�DQC)with nominal concentrations of 0.5, 1.5, 40, 400, 800,

2000, and 4000 ng/mL.

2.6. Sample preparation

Rat plasma samples (50 mL) were placed in a 1.5-mL Eppendorf

tube, 200 mL of de-protein solvent (0.05 mg/mL diclofenac so-

dium in 100% acetonitrile) was added, and the mixture was

vortexed. Samples were left to stand at room temperature for

1 h [26] and then centrifuged at 13,000 rpm for 5 min. After

centrifugation, 200 mL of the supernatant was transferred to a

clean test tube and evaporated to dryness under a nitrogen

stream at 25 �C for approximately 12 min. The residue was

reconstituted with 100 mL of 40% acetonitrile in water, and left

to stand for 15 min at room temperature before being centri-

fuged at 13,000 rpm for 5 min. The supernatant was then

transferred to a 96-well auto-sampler vial plate from where

50 mL was injected into the LCeMS/MS system.

2.7. Method validation

The LCeMS/MS method was validated in accordance with

guidelines for Bioanalytical Method Validation published by

the US-Food and Drug Administration (FDA) and the European

Medicines Agency (EMA) Guidelines on Bioanalytical Method

Validation with respect to the selectivity, linearity, precision

and accuracy, recovery and matrix effects, stability, and

dilution [27e29].

2.8. Selectivity

The selectivity of the method was assessed by comparing

chromatogram responses of six lots of blank rat plasma with

LLOQ and IS-spiked blank plasma.
8 (a and b) and for internal standard (c and d).
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2.9. Calibration curve and the LLOQ

Calibration standards were prepared by spiking working

standard solutions and the IS into 0.05 mL of blank rat plasma.

Using data from preliminary studies, a calibration curve was

constructed which had a linear range of 0.5e500 ng/mL.

Calibration curves were prepared for each analytical run by

plotting the back-calculated concentration against the nomi-

nal concentration. The linearity assessed by a linear regres-

sion using appropriate weighting. The LLOQ was determined

to be acceptable after five replicates of the lowest calibration

standard showed accuracy and precision deviations of <20%.

2.10. Accuracy and precision

The intra- and inter-assay accuracy and precision were eval-

uated with six replicates at seven QC levels on a single assay

and five assays on three consecutive validation days.

2.11. Recovery

Recovery was determined by comparing the peak areas of

extracted LQC, MQC and HQC (1.5, 40 and 400 ng/mL) with

post-extraction spiked samples. The recovery percent of an-

alyte and ISwere calculated by dividing standard peak areas of

the analyte and IS obtained from the extracted samples with

those of post-extraction spiked samples.

2.12. Matrix effect

The matrix effect of rat plasma on the NC-8 analysis was

determined by comparing peak areas of the analytes in

extracted blank plasma to those obtained from clean standard

solutions at the corresponding concentrations. The matrix

effect was studied at three QC levels in three replicates.

2.13. Stability

The stability of NC-8 in rat plasmawas investigated under four

different conditions as follows: short-term (8 h of exposure at

room temperature), post-preparatively (24 h in an auto-

sampler at room temperature), freeze and thaw (three cycles

at�80 �Cand room temperature), and long-term (�80 �C for 101

days). A bioanalysis of the stability of samples was done with

three replicates of QC samples at two QC levels except for the

post-preparative study for which three QC levels were used.

2.14. Dilution integrity

The dilution integrity of samples was tested on six replicates

of three levels of dilution; two- (2� DQC), five- (5� DQC), and

ten-fold (10�DQC) dilutions of the highQC concentration. The

calculated concentration measurements were compared to

the nominal concentration at each dilution level.

2.15. Pharmacokinetic study

The pharmacokinetic study was carried out on male SD rats

that weighed 304 ± 21 g and were kept in a controlled envi-

ronment at a temperature of 22 ± 2 �C and relative humidity of
50% ± 10% for 1 week before the experiments. Standard lab-

oratory food and water were given to rats with the exception

of 12 h (overnight) starvation before the experiment, when

only water was accessible.

NC-8 was dissolved in a polyethylene glycol 200:

dimethyacetamide:dimethysulfoximide (75:35:40, v/v) solvent

system for intravenous (jugular vein) administration and

100% polyethylene glycol for oral administration. The solu-

tions for dosing were freshly prepared on the day of admin-

istration. For the pharmacokinetic study, two groups

(intravenous and oral administration) of six rats each were

dosed with 2 mg/kg of NC-8. Approximately 250 mL of blood

was collected from the lateral tail vein of each rat using hep-

arinized 1-mL syringes at 0, 5, 10, 15, 30, 60, 90, 120, 180, 240,

360, 480, 600, and 720 min for both intravenous and oral

administration. Blood samples were centrifuged at 13,000 rpm

for 5 min within 1 h of collection, and plasma layers were

stored at �80 �C until analysis.

2.16. Pharmacokinetic data analysis

Pharmacokinetic parameters were determined by a non-

compartmental analysis and the area under the plasma con-

centration time curve (AUC) was calculated using a log-linear

trapezoid method. The bioavailability (F) was calculated as

F ¼ (AUC0e∞ (oral)/AUC0e∞ (IV)) � 100. Pharmacokinetic data

were analyzed using PKSolver software vers. 2.0.
3. Results and discussion

3.1. Optimization of LCeMS/MS conditions

Optimum LCeMS/MS conditions that produced good sym-

metrical peaks and resolution were achieved after repeated

trials. During the development stage, different combinations

of the mobile phase and chromatography columns were tried

in order to attain optimal chromatographic separation and

mobile phase conditions. The mobile phase was initiated at

80% acetonitrile and was later optimized to 55% acetonitrile,

35% water and 10% formic acid (0.1%) to produced better res-

olution and symmetry of peaks with optimal retention times

between 3 and 4 min in reverse-phase chromatography. The

mobile phase flow was isocratic with a flow rate optimized to

0.200 mL. The injection solvent was optimized to 40% aceto-

nitrile in water which produced no fronting and splitting of

peaks seen with higher acetonitrile percentage.

The ESI positive ion mode resulted in lower noise back-

ground and better signal intensities for both analyte and IS

than negative ion mode. In mass spectra, the molecular ions

at m/z 347.31 [M þ H]þ for NC-8 and m/z 295.89 [M]þ� for

diclofenac were dominant. The MRM transitions m/z

347.31 / 75.09 (NC-8) and m/z 295.89 / 214.06 (IS) which had

the most abundant and stable daughter ions were used in

quantification.

The mass parameters were fine-tuned for maximum

sensitivity, and parent ion transitions were selected to afford

the best response for the spectrum analysis. The method was

validated using these optimized conditions as described in

“Methods”.

https://doi.org/10.1016/j.jfda.2017.09.003
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Fig. 4 e Calibration curve for NC-8 in rat plasma (n ¼ 5).
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3.2. Selectivity

Fig. 3 shows chromatograms of the blank matrix and those

spiked with LLOQ, IS, LQC, MQC, and a plasma sample from a

rat taken 30min after intravenous administration of a 2mg/kg

dose. The method was selective and sensitive enough to

enable efficient extraction, and the retention times for

detection NC-8 and IS without interference from plasma ma-

trix components were 3.3 and 3.6 min, respectively.

3.3. Calibration curve and LLOQ

The calibration curve linearity was evaluated five times on

three different occasions. The linear range for the NC-8 cali-

bration curve was 0.5e500 ng/mL, and the best fit was indi-

cated by a correlation coefficient of �0.9967. A linear

regression was used to produce the best fit for the analyte

concentration-detector response relationship using 1/x2 least

square weighting (Fig. 4). The LLOQ was 0.5 ng/mL. Deviations

of back-calculated concentrations for all calibration curve

points and the LLOQ from the nominal were <15% and 20%,

respectively. The correlation coefficient for the calibration

curve was comparable to that reported for isosteviol by Jin

et al. [30] and Bazargan et al. [31], while their LLOQs were

50 ng/mL and 5 mg/mL respectively, which were higher than

0.5 ng/mL.

3.4. Accuracy and precision

The accuracy and precision were determined at the LLOQ,

LQC,MQC, HQC of 0.5, 1.5, and 40, 400 ng/mL, respectively, and

three dilution levels of 2� DQC, 5� DQC, and 10� DQC at 800,

2000, and 4000 ng/mL, respectively. Results are shown in Table

1. The intra-assay coefficients of variation ranged between

1.6% and 9.7%, and the percent relative errors range was

�10.3% to 3.1%. Inter-assay ranges were 7.3%e12.9% for the

CVs and �5.2% to 5.0% for relative errors (REs). The accuracy
Fig. 3 e Chromatograms of (a) blank rat plasma; (b) the internal

control; (e) medium quality control, and (f) rat plasma concentra

dose of NC-8.
and precision of NC-8 in this study were similar to those of

isosteviol reported by Bazargan et al. [31], while less variation

was seen by Jin et al. [30]. Nevertheless, the accuracy and

precision CVs were within acceptable ranges. The accuracy

and precision of the method for determining NC-8 were

within acceptable ranges according to US-FDA and the EMA

guidelines, indicating the suitability and reproducibility of the

analytical method within the specified concentration range.

3.5. Recovery and matrix effect

Respective recoveries for QC levels of 1.5, 40, and 400 ng/mL

were 112.1%, 104.0%, and 113.2%, with all CVs of <5%.

Respective matrix effects for QC levels of 1.5 and 400 ng/mL

were 95.24% and 100.30%, with CVs of <7% (Table 2). The re-

coveries in this study for NC-8 were much higher than those

reported for isosteviol by Jin et al. [30], which ranged from 60%

to 76%, with CVs of �7.3%. Compared to NC-8 in this study,

larger effects of plasma matrix were also seen with the iso-

steviol elution time in the study by Jin et al. [30]. The CVs of

<15% indicate that the method produced very good and
standard; (c) lower-limit of quantitation; (d) low quality

tion, 60 min after intravenous administration of a 2 mg/kg

https://doi.org/10.1016/j.jfda.2017.09.003
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Table 1 e Intra-assay and inter-assay accuracy and precision of NC-8 in plasma (n ¼ 6).

Nominal concentration (ng/mL) Observed concentration ± SD (ng/mL) Precision (CV%) Accuracy (RE%)

Intra-assay 0.5 0.51 ± 0.05 9.7 1.0

1.5 1.49 ± 0.08 5.6 �0.8

40 35.90 ± 1.12 3.1 �10.3

400 395.25 ± 6.51 1.6 �1.2

800 824.91 ± 27.87 3.4 3.1

2000 2004.66 ± 48.58 2.4 0.2

4000 4063.67 ± 122.20 3.0 1.6

Inter-assay 0.5 0.49 ± 0.06 12.9 �3.0

1.5 1.54 ± 0.14 8.9 2.6

40 37.94 ± 3.48 9.2 �5.2

400 410.72 ± 31.90 7.8 2.7

800 839.86 ± 68.45 8.2 5.0

2000 2048.61 ± 148.95 7.3 2.4

4000 4197.88 ± 335.97 8.0 4.9

SD, standard deviation; CV, coefficient of variation; RE, relative error.

Table 2 eAssessment of the recovery andmatrix effect of
NC-8 in rat plasma.

Compound Nominal
concentration

(ng/mL)

Recovery
(%, n ¼ 18)

CV
(%)

Matrix
effect

(%, n ¼ 18)

CV
(%)

NC-8 1.5 112.1 4.5 95.24 4.00

40 104.0 3.7

400 113.2 2.2 100.30 6.85

Diclofenac

sodium (IS)

0.02 98.88 5.10

0.02 39.1 13.6 99.61 3.12

CV, coefficient of variation; IS, internal standard.
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reproducible recovery of NC-8 from rat plasma after extrac-

tion and that the effect of the rat plasma matrix on the bio-

analytical method of NC-8 was not significant (Fig. 3).

3.6. Stability

NC-8 was evaluated for short-term stability, freeze/thaw sta-

bility, post-preparative stability and long-term stability

in three replicates at two levels of QC. Results are shown in
Table 3 e Stability of NC-8 in rat plasma.

Stability test Nominal concentration (ng/m

Short-term (8 h, RT) 1.5

400

Freeze and thaw (�80 �C to RT) 1.5

400

Post-preparative (24 h, RT) 1.5

40

400

(24 h, 4 �C) 1.5

40

400

Long-term (101 days, �80 �C) 1.5

400

SD, standard deviation; CV, coefficient of variation; RE, relative error; RT
Table 3. Long-term stability indicated that NC-8 was stable for

101 days in plasma at �80 �C. The CV and RE values for all

stability conditions tested were <12% (Table 3). In a method

development and validation study of isosteviol, Jin et al. found

stability CVs of �5% but the long-term stability of isosteviol

was 61 days [30]. Thatwas shorter thanwhatwas found in this

study. The results indicated that NC-8 was stable under all

conditions expected to be experienced using this bioanalytical

method.

3.7. Dilution

Dilution integrity was tested on six replicates of two- (2�
DQC), five- (5� DQC), and ten-fold (10� DQC) dilutions. The

accuracy and precision of all diluted QC levels were all

within the acceptable criteria with CVs of 3.4%, 2.4%, and

3.0%, and REs of 3.1%, 0.2%, and 1.6%, respectively, for intra-

assay accuracy and precision. The inter-assay precision and

accuracy showed CVs of 8.2%, 7.3%, and 8.0%, and REs of

5.0%, 2.4% and 4.9%, respectively (Table 1). Similar dilution

accuracies and precisions were reported for the related

compound, isosteviol, albeit with CVs of �3.6% [30]. The
L) Calculated concentration (ng/mL)

Mean ± SD CV (%) RE (%)

1.38 ± 0.09 6.6 �8.0

371.21 ± 13.32 3.6 �7.2

1.47 ± 0.13 8.9 �2.0

403.34 ± 5.15 1.3 0.8

1.61 ± 0.15 9.1 7.1

44.10 ± 0.59 1.3 10.2

445.40 ± 27.28 6.1 11.4

1.46 ± 0.04 2.5 �2.7

39.67 ± 0.45 1.1 �0.8

444.56 ± 5.40 1.2 11.1

1.46 ± 0.17 11.6 �2.4

402.35 ± 18.97 4.7 0.6

, room temperature.

https://doi.org/10.1016/j.jfda.2017.09.003
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Fig. 5 eMean plasma concentrationetime curves of NC-8 in

rats after intravenous (IV) and oral (PO) administration of a

2 mg/kg dose. Each point represents mean ± SD (n ¼ 6).
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results show that the method is accurate, precise, and

reproducible in assays of diluted samples with NC-8 con-

centrations of >400 ng/mL as indicated by CVs and REs of

<15% as per US-FDA and EMA guidelines.

3.8. Pharmacokinetic application

The method was used to determine the pharmacokinetics of

NC-8 in male SD rats after IV and oral administration of a 2

mg/kg dose. Concentration time profiles (n ¼ 6) are shown in

Fig. 5. The non-compartmental analysis parameters are given

in Table 4. A rapid rise in the plasma concentration was seen

after oral dosing with a Tmax of 19.17 min, and the elimination

half-life (t1/2) for oral dose being almost double that of the IV

dose at 77.62 min suggesting possible absorption rate-limited
Table 4 e Non-compartmental model parameters of NC-8
after intravenous (IV) and oral (PO) administration of a 2
mg/kg dose (mean ± SD, n ¼ 6).

Pharmacokinetic
parameters

2 mg/kg of NC-8

Unit IV PO

Cmax ng mL�1 e 71.43 ± 62.30

C0 ng mL�1 3318.09 ± 427.83 e

Tmax min e 19.17 ± 8.61

t½ min 35.46 ± 7.94 77.62 ± 24.13

AUC0et ng min mL�1 65,183.33 ±
4273.56

4255.62 ±
3120.48

AUC0e∞ ng min mL�1 65,223.31 ±
4269.80

4371.62 ±
3084.81

MRT0e∞ min 20.63 ± 1.12 101.05 ± 30.38

Vz or Vz/F L 1.59 ± 0.45 83.25 ± 69.97

Cl or Cl/F L min�1 0.031 ± 0.0021 0.697 ± 0.45

Vss L 0.63 ± 0.032 e

Cmax, maximum plasma concentration; C0, concentration at time

zero; Tmax, time to achieve maximum plasma concentration; t½,
terminal half-life; AUC0et, area under the plasma concen-

trationetime curve from zero to last observation time; AUC0e∞,

area under the plasma concentrationetime curve from time zero to

extrapolated infinity; MRT0e∞, the mean residence time from zero

to infinity; Vz, the terminal volume of distribution; Cl, plasma

clearance; Vss, steady state volume of distribution.
elimination. Oral dosing showed increased clearance, and the

apparent volume of the distribution during the terminal phase

(Vz) was higher with oral dosing at 83.25 L compared to IV at

1.59 L, while the steady-state volume of the distribution (Vss)

was 0.63 ± 0.08 L. The MRT was approximately five times

longer (101.05 min) in oral administration. The bioavailability

was low at 6.53%.
4. Conclusions

The method presented in this paper was developed to facili-

tate the pharmacokinetic study of NC-8 in rats, as part of the

preclinical drug-development process in search of novel anti-

hepatitis B agents. This LCeMS/MS bioanalytical method

which was validated according to international guidelines

showed extremely good selectivity with very minimal matrix

effects and very good linearity, accuracy, precision, recovery,

and stability. The dilution integrity was also very good

allowing for the analysis of samples with nominal concen-

trations of >400 ng/mL. Worth noting are the very good re-

coveries of almost 100% at both high and low concentrations

and the extensive stability of NC-8 in rat plasma at �80 �C for

101 days. In addition, the limit of quantitation in this method

wasmuch lower than those reported for isosteviol but allowed

for detection of NC-8 at 4 and 8 h after single dose intravenous

and oral administration, respectively. The method uses a

minimal plasma sample of 50 mL which was prepared by a

protein precipitation method and has short retention times of

<4 min ensuring a relatively short analysis time. This method

was reliably applied in the study of the pharmacokinetics of a

single orally and intravenously administered 2 mg/kg dose of

NC-8 in rat plasma. It is the first bioanalytical method using

LCeMS/MS to evaluate the pharmacokinetics of NC-8. Hence,

this analytical method could be useful in the preclinical

pharmacokinetic study of NC-8 and related diterpenoid com-

pounds as a part of drug-development processes.
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