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Valenta Pharm Co. compared the pharmacokinetic parameters in healthy volunteers of three prototype

tizanidine dosage forms (delayed-release 6-mg tablets) and the reference drug sirdalud (2-mg tablets for a total

dose of 6 mg, three tablets). This allowed the relative bioavailability of the three prototype tizanidine forms

relative to sirdalud to be assessed. All three prototypes showed signs of delay based on MRT parameters of

(2.217 � 0.441) h for the sirdalud instant-release form and (6.529 � 1.990), (5.951 � 1.295), and

(6.384 � 2.339) h for prototypes T1, T2, and T3, respectively. High relative exposure levels of prototypes T1,

T2, and T3 [AUC 103.80% (73.69 – 146.20), 124.14% (88.14 – 174.86), and 131.93% (93.66 – 185.82), re-

spectively] with a significant decrease of C
max

(to 35.83, 38.78, and 40.79%, respectively) were demonstrated

by analyzing the comparative bioavailability. A model pharmacokinetic study of the forms produced second-

ary modeling parameters that were similar to those obtained by an off-model method (89.19 – 122.71%). This

confirmed that the developed model was acceptable for planning future clinical tests of these drugs.
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.

Tizanidine is a central myorelaxant that affects mainly

the spinal cord. The drug stimulates presynaptic �
2
receptors,

thereby inhibiting the release of amino acids that stimulate

N-methyl-D-aspartate receptors (NMDA-receptors). As a re-

sult, polysynaptic signal transduction is suppressed at the

spinal-cord intermediate neuron level. Because just this

mechanism is responsible for excessive muscle tone, muscle

tone is diminished if it is suppressed. Tizanidine also has a

central and moderate analgesic effect in addition to its

myorelaxant properties.

Tizanidine is effective for acute painful muscle spasticity

and for chronic spinal and cerebral spasticity. As a result, re-

sistance to passive movements decreases and the number of

active movements increases [1, 2].

Tizanidine is accumulated quickly and almost com-

pletely. The maximum plasma concentration is reached ap-

proximately 1 h after administration. The average bioavaila-

bility is ~34% because of extensive metabolism during the

first pass through the liver. The average distribution volume

at equilibrium after i.v. injection was 2.6 L/kg. Plasma-pro-

tein binding was 30%. Tizanidine pharmacokinetics were lin-

ear for doses from 4 to 20 mg. Considering the low variabil-

ity among individuals of the pharmacokinetic parameters (in

particular, the maximum concentration C
max

and the area un-

der the concentration–time curve AUC), the tizanidine

plasma concentration can be reliably predicted after internal

administration. Sex had no effect on the pharmacokinetic pa-

rameters of tizanidine. Tizanidine was quickly and signifi-

cantly metabolized in the liver. It was shown in vitro that

tizanidine was metabolized mainly by isoenzyme 1A2 of the

cytochrome P450 system. The metabolites were inactive.

The average elimination half-life of tizanidine from systemic

circulation was 2 – 4 h. The drug metabolites were elimi-

nated primarily by the kidneys (~70% of the dose). The frac-

tion of unaltered drug was only ~2.7% [1, 2].

The aforementioned pharmacokinetic data for the in-

stant-release dosage form indicate that tizanidine is rapidly

accumulated and metabolized and then quickly eliminated.
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This creates the need to administer tizanidine at least three

times per day. In many instances, this is inconvenient for pa-

tients. Furthermore, inconsistency in the administration ti-

mes can cause significant oscillations of the tizanidine blood

plasma concentration. This can preclude the selection and

maintenance of an efficacious therapeutic dose.

Three prototype tizanidine preparations were developed

by Doppel Farmaceutici S.r.l. at the request of Valenta Pharm

Co. in order to design a new delayed-release tizanidine dos-

age form that would foster high compliance and a stable ther-

apeutic concentration of the active ingredient in blood

plasma.

EXPERIMENTAL PART

The clinical trial was conducted as an open randomized

study of the comparative pharmacokinetics of a single ad-

ministration of the four tizanidine dosage forms in four ad-

ministration sequences and in four periods. Three prototype

tizanidine preparations, i.e., delayed-release 6-mg tablets

(Doppel Farmaceutici S.r.l., by request of Valenta Pharm

Co.) VPH020900, VPH020901, and VP020902, further des-

ignated T1, T2, and T3, respectively, and sirdalud prepara-

tion 2-mg tablets (Encore Healthcare Pvt. Ltd.), further R,

were investigated. A total of 24 healthy male volunteers of

ages 18 – 45 years participated in the study. Each volunteer

in each of the periods took one of the tested tizanidine proto-

types or sirdalud depending on the administration sequence

that was determined by the randomization procedure. The

wash-out period between administrations was 7 d. A total of

23 volunteers completed the study according to the protocol.

Blood samples were taken in each period using an i.v.

catheter in the first 24 h and then venipuncture. Blood was

collected in polypropylene tubes as follows: two samples

collected before administration of the preparation and one

sample each at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.5, 3, 4,

6, 8, 12, 16, 24, 36, and 48 h after administration. The preser-

vative was K
2
EDTA.

Tubes with collected blood samples were placed into an

ice bath and then centrifuged at 3,500 rpm for 10 min at 4°C.

Then, the blood samples were separated into two aliquots

and frozen at –(70 � 10)°C. The time between collecting the

samples and starting the centrifuge was <45 min.

Pharmacokinetic parameters that were calculated by an

off-model method, i.e., AUC
0-t
, the area under the concentra-

tion–time (observed) curve that was calculated by a linear

trapezoidal method from 0 to the last measured concentration

and C
max

, the maximum concentration, was used to compare
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Fig. 1. Example of calibration curve. Along the abscissa, known

concentration of calibration sample; along the ordinate, detector re-

sponse.

TABLE 1. Chromatography Conditions

Column Zorbax Eclipse XDB-CN,

100 � 4.6 mm, 3.5 m

Mobile phase MeOH:ammo-

nium-formate solution

(10 mM) containing for-

mic acid (0.2%) (70:30)

Elution rate, mL/min 0.700

Injected volume, L 10

Retention time (tizanidine), min 1.87

Retention time ISTD (tizanidine D4), min 1.86

Analysis time, min 3.50

Column temperature, °C + 40

Autosampler chamber temperature, °C + 4

TABLE 2. Detection Parameters

Tizanidine (m/z) 253.80 
 44.30

Tizanidine D4 (m/z) 258.00 
 48.20

Declustering Potential (DP)
*
, V 80

Collision Energy (CE)
*
, V 47

Collision Cell Exit Potential (CXP)
*
, V 7

Delay, ms 200

Curtain gas (CUR)
**
, psi 30

Collision gas (CAD)
***
, psi 6

Ionization source potential (IS), V 5500

Temperature (TEM), °C 500

*
Collision-energy tuning specific for detector: DP, declustering

potential; CE, potential between collision cells Q0 and Q2; CXP, po-

tential at collision cell exit.
**

Pressure of curtain gas.
***

Pressure of collision gas.



the relative bioavailabilities of the preparations. The quantity

AUC
0-�

was calculated as the sum of the ratio C
t
/K

el
and the

AUC (observed). The elimination constant (K
el
) was calcu-

lated by a least-squares method using the logarithm of data at

the tail end of the pharmacokinetic curve including the last

measured concentration. The elimination half-life (T
1/2
);

T
max

, the time to reach the maximum concentration; and

MRT, the mean residence time were also calculated.

Furthermore, compartmental analysis of the pharmacoki-

netic parameters of the studied preparations was performed

and the population model was determined.

The bioavailability was compared statistically using 90%

confidence intervals for the ratios of the geometric averages;

a least-squares method for AUC
0-t
, AUC

0-�
, and C

max
; and a

procedure analogous to PROC MIXED (SAS 9.2) in the

Phoenix WinNonlin 6.3 software and considering a variation

model that examined factors such as the preparation, period,

and sequence.

An HPLC-MS/MS method using tizanidine D4 [deute-

rated 5-chloro-N-(4,5-dihydro-1H-imidazol-2-yl-d
4
)-2,1,3-

benzothiazol-4-amine] as an internal standard was developed

and validated in order to determine tizanidine in healthy vol-

unteer blood plasma. The method included a liquid-extrac-

tion procedure. Chromatography used a Zorbax Eclipse

XDB-CN column, 100 � 4.6 mm, 3.5 m at 40°C. The anal-

ysis time for each sample was <3.5 min (Table 1). Concen-

trations were determined by the internal standard method us-

ing tizanidine D4 hydrochloride as the standard.

The mobile phase was prepared by mixing MeOH (70

parts) and ammonium formate solution (10 mM, 30 parts)

containing formic acid (0.2%). Then, mobile phase was
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TABLE 3. Mean Pharmacokinetic Parameters (Mean � SD and Median [25; 75] Percentile for Parameter T
max

)

Parameter

Parameter

R T1 T2 T3

h � ng/mL 12.152 � 10.283 17.582 � 13.115 17.870 � 15.832 16.931 � 12.070

h � ng/mL 11.688 � 10.224 14.745 � 11.948 15.016 � 15.884 14.411 � 12.224

Cmax, ng/mL 4.808 � 3.991 1.896 � 1.608 1.953 � 2.130 1.873 � 1.552

T1/2, 1/h 1.466 � 0.229 7.013 � 3.028 6.660 � 3.415 5.353 � 2.579

Kel, 1/h 0.485 � 0.079 0.112 � 0.038 0.128 � 0.060 0.164 � 0.086

MRT, h 2.217 � 0.441 6.529 � 1.990 5.951 � 1.295 6.384 � 2.339

Tmax, h 0.75 [0.75; 1.00] 3.00 [1.38; 3.00] 2.50 [1.25; 4.00] 2.00 [0.75; 4.00]

a b

Fig. 2. Chromatograms of pure sample (STD Blank): tizanidine (a) and tizanidine D4 (b ).



ultrasonicated and stored at room temperature for <3 d after

preparation.

The samples were unfrozen. An aliquot (300 L) of the

plasma was placed into a polypropylene tube, treated succes-

sively with internal standard solution [50 L, 15 ng/mL;

with the exception of the blank sample, which was treated

with MeOH solution (60%, 50 L)] and NaOH solution

(0.2 M, 100 L), stirred on a vortex mixer, treated with

t-BuOMe (2.0 mL), stirred again on the vortex mixer for

5 min at 2,000 rpm, and centrifuged for 5 min at 4,500 rpm

and 4°C. A trace of the supernatant was collected, placed into

a separate labeled polypropylene tube, and evaporated under

N
2
at 40°C for 15 min. The solid was redissolved in mobile

phase (200 L) and analyzed by HPLC (Table 2).

The method for determining tizanidine in blood plasma

was validated according to recommendations in Guidance

for Industry: Bioanalytical Method Validation, CDER, US

FDA, May 2001 and Criteria for Standard Operating Proce-

dures for Bioanalytical Laboratories.

Mass transfer effects were studied by analyzing the se-

quence, e.g., mobile phase sample, plasma blank sample,

plasma sample containing analyte at the lower limit of

quantitation (LLOQ), plasma sample containing analyte at

the upper limit of quantitation (ULOQ), and plasma blank

sample. An LLOQ of 0.100 ng/mL was achieved for this

method.

The linearity of the method was determined using a de-

termination coefficient (R
2
) for each calibration curve. The
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a b

Fig. 3. Chromatograms of quality-control sample of moderate-low concentration (LMQC): tizanidine (a) and tizanidine D4 (b ).



values fell in the range 0.9980 – 0.9987. The weighting coef-

ficient was set at 1/x
2
(instead of 1/x) because the determina-

tion coefficients were greater if it was used. Figure 1 shows

an example of a calibration curve.

The intraseries precision for the LOQ samples varied

from 2.11 to 6.00% and from 0.38 to 2.95% for samples of

other concentrations. The interseries precision was 6.32% for

the LOQ samples and from 1.19 to 2.30% for samples of

other concentrations.

The intraseries accuracy varied from –10.78 to –1.96%

for the LOQ samples and from –2.46 to 7.29% for samples of

other concentrations.

The degree of extraction was determined from the ratio

of chromatographic peak areas for the quality-control sample

and a standard solution of the same concentration (without

extraction). The degree of extraction for tizanidine was

(54.64 – 61.03)% (M = 58.03%). The average degree of ex-

traction for tizanidine D4 was 67.62%.

The stability of the samples was determined using five

freeze—thaw cycles and storage at room temperature (8 h);

of prepared samples, in the autosampler (31 h at 4°C) and

stored at room temperature (6 h 20 min); and of the precipi-

tate, after evaporation (28 h 50 min at 2 – 8°C). The maxi-

mum deviation was –4.51% for the stability of the precipitate

after evaporation. The freeze—thaw stability varied from

–2.78 to 1.34%. The stability of prepared samples in the

autosampler varied from –0.69 to 0.34%.

Matrix, hemolysis, fatty plasma, and drug-contamination

(caffeine, paracetamol, cetirizine, diclofenac, aspirin) effects

were also studied and were not found.

The reproducibility following a repeated sample injec-

tion after 24 h 15 min showed that the calibration-curve sam-

ples deviated from 1.04 to 2.27%; quality-control samples,

from 6.15 to 10.42%.

The stability in whole blood was studied during method

development (prevalidation). Stability studies determined
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TABLE 4. Ratios of Geometric Means T/R and 90% Confidence

Interval (Bioavailability Parameter)

Proto-

type
Parameter Ratio, %

90% confidence interval (CI)

Lower limit Upper limit

T1 ln(AUClast) 103.80 73.69 146.20

ln(Cmax) 35.83 26.45 48.52

T2 ln(AUClast) 124.14 88.14 174.86

ln(Cmax) 38.78 28.63 52.51

T3 ln(AUClast) 131.93 93.66 185.82

ln(Cmax) 40.79 30.12 55.25

ln(AUC
last

) is the logarithm of the area under the pharmacokinetic

curve up to the last measured concentration (up to a concentration

above the lower limit of quantitation);

ln(C
max

) is the logarithm of the maximum concentration.

TABLE 5. Results of Dispersion Analysis

Parameter Hypothesis DF F p

ln(Cmax) Int 1 7.963 0.0065

ln(Cmax) Sequence 3 0.568 0.6385

ln(Cmax) Prototype 3 14.088 < 0.0001

ln(Cmax) Period 3 7.731 0.0002

ln(AUClast) Int 1 135.458 0

ln(AUClast) Sequence 3 0.499 0.6841

ln(AUClast) Prototype 3 0.866 0.4639

ln(AUClast) Period 3 12.807 < 0.0001
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that tizanidine remained stable in whole blood placed in an

ice bath for >1,5 h. Figures 2 and 3 show the chromatograms.

RESULTS AND DISCUSSION

Data obtained from 21 volunteers were used for the

non-compartmental (off-model) analysis. One volunteer was

removed from the study for personal reasons. Data for two

volunteers were not included in the statistical calculation be-

cause the preparation concentrations determined during the

first visit were below the lower detection limit (both volun-

teers took prototype T1 on the first visit).

Table 3 presents the calculated pharmacokinetic parame-

ters for the three tizanidine prototypes (delayed-release tab-

lets, 6 mg, Doppel Farmaceutici S.r.l., by request of Valenta

Pharm Co.) and reference preparation sirdalud [tablets, 2 mg,

6-mg dose (3 tablets), Encore Healthcare Pvt. Ltd.].

The average concentrations at each sample-collection

time point were plotted in order to visualize the pharmacoki-

netic profile for each preparation (Fig. 4).

The 90% confidence intervals for the ratio of geometric

averages of the studied parameters were obtained during dis-

persion analysis of the logarithms of the data (Table 2).
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TABLE 6. Descriptive Statistics of Pharmacokinetic Parameters Considering the Period

Parameter Preparation Period N Mean SD SE Min Median Max

AUC, h � ng/mL R 1 6 11.023 13.544 5.529 0.869 7.102 37.096

2 6 11.234 5.888 2.404 3.258 10.853 19.556

3 6 10.645 10.838 4.425 2.611 7.202 31.438

4 3 16.011 13.154 7.595 1.785 18.515 27.734

T1 1 3 5.265 7.362 4.251 0.304 1.767 13.724

2 6 13.256 8.662 3.536 3.631 12.321 24.602

3 6 19.919 13.859 5.658 5.511 17.977 42.733

4 6 15.801 13.863 5.659 2.395 14.634 35.060

T2 1 6 4.809 2.251 0.919 1.489 5.121 7.248

2 3 8.797 5.568 3.215 3.893 7.649 14.849

3 6 25.112 23.190 9.467 5.449 15.222 57.632

4 6 18.235 13.074 5.337 6.376 14.026 35.830

T3 1 6 8.928 9.888 4.037 0.510 5.835 28.517

2 6 12.682 10.534 4.301 3.474 9.350 32.212

3 3 14.772 10.289 5.940 6.009 12.206 26.102

4 6 21.441 15.735 6.424 6.619 15.642 46.692

Cmax, ng/mL R 1 6 4.975 5.432 2.218 0.501 3.322 14.856

2 6 5.301 2.868 1.171 1.440 5.322 9.564

3 6 4.127 4.435 1.811 1.066 2.224 12.655

4 3 4.854 3.683 2.126 0.886 5.513 8.162

T1 1 3 0.830 0.941 0.543 0.193 0.386 1.911

2 6 1.692 1.056 0.431 0.434 1.632 3.193

3 6 2.482 2.026 0.827 0.750 2.085 6.173

4 6 2.047 1.898 0.775 0.434 1.299 5.024

T2 1 6 0.826 0.460 0.188 0.379 0.714 1.566

2 3 0.922 0.410 0.237 0.474 1.016 1.277

3 6 3.332 3.329 1.359 0.603 2.061 9.264

4 6 2.218 1.501 0.613 0.722 1.801 4.082

T3 1 6 1.206 1.272 0.519 0.184 0.907 3.715

2 6 1.441 0.932 0.380 0.440 1.226 2.964

3 3 1.991 1.610 0.929 0.736 1.432 3.806

4 6 2.912 2.014 0.822 0.859 2.566 5.516



Amixed model considering the effects of factors such as

the preparation, period, and sequence was used for the dis-

persion analysis.

The variation model for each parameter was written:

lnY =  + F
i
+ S

j
+ P

k (i, j )
+ Sub

l
|S

j
+ �

i,j,k,l
,

where  is the average; F
i
, the effect of preparation i; S

j
, the

effect of sequence j; P
k (i, j)

, the effect of period k; Sub
l
|S

j
, a
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Fig. 6. Correlation of two-compartment model data and experimen-

tal data.

Fig. 7. Diagram of the model.

TABLE 7. Primary Parameters for Population Pharmacokinetic Modeling

Preparation Parameter Value
Units of measure-

ment
SE CV % 2.5% CI 97.5% CI

R tvKa 4.2942 1/h 1.2588 29.3134 1.8194 6.7690

tvV 1.1113 0.1127 10.1413 0.8898 1.3329

tvKe 0.4592 1/h 0.0874 19.0220 0.2875 0.6310

tvTlag 0.2258 h 0.0222 9.8215 0.1822 0.2693

stdev0 1.9263 0.0684 3.5485 1.7919 2.0606

T1 tvKa 0.1471 1/h 0.0416 28.2653 0.0654 0.2289

tvV 0.3400 0.1692 49.7470 0.0075 0.6726

tvKe 1.2040 1/h 0.4813 39.9758 0.2577 2.1502

tvTlag 0.1609 h 0.0974 60.5522 – 0.0306 0.3524

stdev0 0.9206 0.0326 3.5396 0.8565 0.9846

T2 tvKa 0.1640 1/h 0.0662 40.3393 0.0339 0.2941

tvV 0.4855 0.3209 66.1085 – 0.1455 1.1164

tvKe 0.7813 1/h 0.4355 55.7447 – 0.0750 1.6376

tvTlag 0.0997 h 0.1586 159.0507 – 0.2120 0.4114

stdev0 1.1306 0.0400 3.5395 1.0520 1.2093

T3 tvKa 0.1146 1/h 0.0299 26.1236 0.0558 0.1735

tvV 0.2160 0.1382 63.9822 – 0.0557 0.4876

tvKe 1.7196 1/h 0.9496 55.2212 – 0.1473 3.5866

tvTlag 0.1767 h 0.1054 59.6350 – 0.0305 0.3838

stdev0 0.9297 0.0329 3.5396 0.8650 0.9944



random effect of subject l in sequence j; and �
i, j, k, l

, the resid-

ual variation.

A statistically significant effect of the sequence on the re-

sults of the dispersion analysis was not observed. The prepa-

ration factor had a statistically significant effect on C
max

.

However, this factor did not have a statistically significant

effect on AUC. The period factor had statistically significant

effects on both parameters. Because mass-transfer effects

were not observed and compound concentrations at point 0

in all instances were less than the LLOQ, the effect of this

factor was not due to insufficient rinsing and could be related

to high intraindividual variability of the drug, a change of en-

zyme systems in the healthy volunteers in response to re-

peated administration of tizanidine, or a change of GIT activ-

ity in healthy volunteers during the study. It is noteworthy

that the period factor had practically no effect on the
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TABLE 8. Secondary Parameters of Population Pharmacokinetic Modeling

Preparation Parameter Value
Units of measure-

ment
SE CV % 2.5% CI 97.5% CI

R Tmax 0.583 h 0.0950 16.2995 0.3961 0.7697

AUC 11.756 h � ng/mL 1.2924 10.9932 9.2155 14.2973

Cmax 4.131 ng/mL 0.2217 5.3664 3.6951 4.5668

Cl 0.510 L/h 0.0561 10.9932 0.4001 0.6207

Ka hl 0.161 h 0.0473 29.3131 0.0684 0.2544

Ke hl 1.509 h 0.2871 19.0219 0.9449 2.0738

T1 Tmax 1.989 h 0.3976 19.9917 1.2073 2.7708

AUC 14.656 h � ng/mL 2.2886 15.6158 10.1562 19.1550

Cmax 1.609 ng/mL 0.0844 5.2448 1.4432 1.7750

Cl 0.409 L/h 0.0639 15.6159 0.2837 0.5351

Ka hl 4.712 h 1.3317 28.2648 2.0934 7.3298

Ke hl 0.576 h 0.2301 39.9758 0.1232 1.0282

T2 Tmax 2.529 h 0.5779 22.8535 1.3926 3.6648

AUC 15.819 h � ng/mL 2.6387 16.6810 10.6310 21.0064

Cmax 1.714 ng/mL 0.1092 6.3744 1.4991 1.9286

Cl 0.379 L/h 0.0633 16.6810 0.2549 0.5037

Ka hl 4.226 h 1.7046 40.3391 0.8744 7.5767

Ke hl 0.887 h 0.4945 55.7445 -0.0851 1.8595



pharmacokinetic parameters of the instant-release prepara-

tion. This factor could be studied during future investigations

of multiple administrations of the drugs. Table 6 presents the

descriptive statistics of AUC and C
max

for each preparation

and period.

The compartmental analysis (model) was selected based

on the correlation and determination coefficient of the

one-compartment and two-compartment models taking into

account the determination of the Lag Time parameter. A

three-compartment model was not considered because of its

high complexity. A model for 93 profiles from 93

pharmacokinetic profiles of volunteers (100.0%) could be

defined for the one-compartment model during the determi-

nation of the individual models; parameters for 52 profiles

(55.91%), for the two-compartment model. In both instances,

the determination coefficient was high at 0.9729 and 0.9855

for the one- and two-compartment models, respectively. The

correlation coefficient in both instances was close to unity at

0.9726 and 0.9841 (Figs. 5 and 6). The one-compartment

model was used for subsequent calculations because the

two-compartment model was defined successfully for only

55.91% of the pharmacokinetic profiles although the deter-

mination and correlation coefficients were greater than those

for the one-compartment model. Also, the differences in the

correlation and determination coefficients were insignificant

compared with the fractions of successfully determined indi-

vidual models. The high correlation coefficient for the

two-compartment model could be explained by the fact that a

significant part of the model profiles could not be deter-

mined.

Models were built using the software module Phoenix

WinNonlin 6.3.0.395 PK model: WinNonlin Nonlinear Esti-

mation Program, Nelder—Mead algorithm.

Then, the population one-compartment model taking into

account the Lag Time parameter was calculated using the

NLME software module of Phoenix WinNonlin (NLME7

built Mar. 19, 2012, 11:59:42). Figure 7 shows a diagram of

the model. Figures 8 – 11 show plots of the obtained models.

The primary parameters of the pharmacokinetic model are

given in Table 7 and can be used for future planning of stud-

ies of a tizanidine delayed-release dosage form. This was

confirmed by comparing the secondary pharmacokinetic pa-

rameters (89.19 – 122.71%) obtained from the modeling and

presented in Table 8 with the off-model-method parameters

from Table 3. Table 9 presents the comparison.

Figure 7 shows a diagram of the used model. The prepa-

ration flows from the extravascular space (Aa) into a cham-

ber (A1) at an accumulation rate determined by the absorp-

tion constant (Ka) and then distributes in the chamber vol-

ume (V) and is eliminated from the organism (A0) at a rate

determined by the elimination constant (Ke). The concentra-

tion dynamics of the preparation in the chamber (CObs) is

predicted during the modeling.
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Fig. 10. Population model for T2.
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Fig. 11. Population model for T3.

TABLE 9. Ratio of Secondary Modeling Parameters to Parameters

Obtained Without Modeling

Prepara-

tion
Parameter NCA NLME Ratio, %

R AUC, h � ng/mL 11.756 11.688 99.42

Cmax, ng/mL 4.131 4.808 116.39

T1 AUC, h � ng/mL 14.656 14.745 100.61

Cmax, ng/mL 1.609 1.896 117.83

T2 AUC, h � ng/mL 15.819 15.016 94.93

Cmax, ng/mL 1.714 1.953 113.96

T3 AUC, h � ng/mL 16.157 14.411 89.19

Cmax, ng/mL 1.526 1.873 122.71



The results of the dispersion analysis showed a signifi-

cant influence of the period factor on the pharmacokinetic

parameters of the studied prototypes. Data obtained in the

first study period were optimal in this instance, despite the

small number of observations.

Thus, all three tizanidine prototypes showed signs of de-

lay based on the MRT parameter (mean retention time),

which was (2.217 � 0.441) h for the instant-release prepara-

tion and (6.529 � 1.990), (5.951 � 1.295), and (6.384 �

2.339) h for prototypes T1, T2, and T3, respectively. An

analysis of the comparative bioavailability demonstrated a

high level of relative exposure for the preparation (AUC):

103.80 (73.69 – 146.20), 124.14 (88.14 – 174.86), and

131.93 (93.66 – 185.82)% for prototypes T1, T2, and T3, re-

spectively, with a significant reduction of the ratio for C
max

to 35.83, 38.78, and 40.79% for prototypes T1, T2, and T3,

respectively (Tables 4 and 5). Each of the prototypes exhib-

ited high bioavailability and could be considered a competi-

tor for further pharmacological development. Differences in

the bioavailability were due to the release rate of the active

ingredient from the dosage form. Prototype T3 should be sin-

gled out because it exhibited the greatest relative exposure

(131.93%), which indicated that the ratio of release, accumu-

lation, and elimination rates was optimal. As a result, the

preparation had a longer residence time in vivo and main-

tained the therapeutic concentration level of the active ingre-

dient.

Modeling the pharmacokinetics of the studied prepara-

tions produced secondary modeling parameters that were

similar in value to those obtained by the off-model method

(89.19 – 122.71%). This confirmed that the model was suit-

able for possible use in planning future clinical trials of these

prototypes taking into account the discussed limitations.
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