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Purpose: This study compares the pharmacokinetic and safety profiles between a new
generic and a branded reference formulation of amitriptyline hydrochloride tablets, and
assesses the bioequivalence of the two products in healthy Chinese volunteers to obtain
sufficient evidence for the marketing approval of the generic drug.

Materials and Methods: A randomized, open-label, two-period crossover study (clinical-
trials.gov, NCT03646526) was conducted under both fasting and fed conditions in healthy
Chinese volunteers (24 subjects/condition). Eligible subjects randomly received a single
25 mg dose of either the test or the reference formulation, followed by a 3-week washout
period. Blood samples were collected until 144 h following administration. The pharmaco-
kinetic parameters were acquired based on the concentration-time profiles, including the
areas under the plasma concentration-time curve (AUCy, AUCy_.,.), the peak plasma con-
centration (C,y), the time to achieve Cpax (Thax), and the elimination half-life (t;,). The
geometric mean ratios (GMRs) and the corresponding 90% confidence intervals (Cls) of
amitriptyline were acquired for bioequivalence analysis, and values of these parameters for
nortriptyline were used for comparison of therapeutic outcomes. Safety assessments included
laboratory tests, physical examination, vital signs, and incidence of adverse events (AEs).
Results: The values of t;, and T..x for amitriptyline were not significantly different
between the test and reference products under both fasting and fed conditions (P > 0.05).
The GMRs of C,,.x, AUCy_, and AUC_,, between the two products, and corresponding 90%
CIs, were all within the range of 80% to 125% under both fasting and fed conditions. The
test and reference products were well tolerated and did not elicit serious adverse events.
Conclusion: This study demonstrated that the generic and reference products were well
tolerated by the subjects and bioequivalent, according to the rate and extent of the drug
absorption.

Keywords: bioequivalence, pharmacokinetics, amitriptyline hydrochloride, nortriptyline

Introduction

Depression is a major mental health disorders, which affected more than 300 million
people in 2015. The World Health Organization (WHO) estimates that depression is the
leading cause of disability and results in high morbidity, high suicide rates, and low
clinical treatment rates worldwide.! Various antidepressants, which are now available,
are effective in treating depression, including tricyclic antidepressants (TCAs), mono-
amine oxidase inhibitors, selective serotonin reuptake inhibitors, serotonin-noradrenaline

reuptake inhibitors, selective noradrenaline reuptake inhibitors, and noradrenergic and
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specific serotonergic antidepressants.>> Antidepressants were
the 3rd most frequently prescribed drugs to individuals in the
United States between 2005 and 2008.*° In addition, TCA
amitriptyline has been regarded as one of the reference com-
pounds for depression treatment.®

Anmitriptyline, the most commonly used TCA, has
a strong sedative effect and is primarily used to treat
anxiety or agitated depression. Furthermore, it is slightly
more effective than other TCAs or newer compounds.’®
Anmitriptyline was initially used in 1961 where it replaced
imipramine soon after.’ Amitriptyline was the 3rd most
frequently used antidepressant in Germany in 2008, corre-
sponding to 94 million daily doses.'® According to a large
primary care-based prescription database in the UK,
approximately 13 in every 1000 individuals were pre-
scribed amitriptyline for depression treatment in 2010.""
To date, it is one of the most commonly used antidepres-
sants included in the WHO’s list of essential drugs.'”
Currently there are more than 20 types of antidepressants
mentioned in the Chinese national essential drug list.
However, only amitriptyline and doxepin are primarily
prescribed by primary care physicians.'?

During amitriptyline metabolism, its side chain oxidizes
producing a secondary amine nortriptyline, an N-oxide
amitriptylinoxide (AT-NO), and a primary amine.'*"
Also, the demethylation of amitriptyline to the secondary
amine nortriptyline does not result in its inactivation.
Therefore, nortriptyline, which also has antidepressant and
antinociceptive activities, subsequently became available.'
It is believed that the activities of amitriptyline and its active
metabolite, nortriptyline, are primarily but not entirely due
to their binding to the noradrenaline and serotonin transpor-
ters at central sites.'® In addition to major depression, ami-
triptyline was also reported to treat chronic neuropathic pain
(pain due to nerve damage),'”'® fibromyalgia,'® migraine,
and anxiety disorders.?’!

Although amitriptyline hydrochloride has been widely
used in China for several years, only a limited number of
reports have studied its efficacy and tolerability during treat-
ment of depressive disorders or other diseases. Thus, the
pharmacokinetic data of this drug are limited. Recently,
a generic amitriptyline hydrochloride product has been
developed by Hunan Dongting Pharmaceutical Co., Ltd.,
(Hunan, China). Consistent with National Medical Products
Administration guidelines, we compared the bioavailability
of the new amitriptyline hydrochloride tablets with the refer-
ence product, manufactured by Sandoz Inc. and listed in the
FDA orange book in 2016. This study was performed in

healthy Chinese subjects, under fasting and fed conditions,
to support the marketing approval of the newly developed
generic formulation in China.

Materials and Methods
Study Drugs

The amitriptyline hydrochloride test product was obtained
from Dongting Pharmaceutical Co., Ltd, Hunan, China
(batch number XB170502, expiry date 2019/04). Meanwhile,
the reference product was purchased from Sandoz Inc., US
(batch number HB3649, expiry date 2020/04).

Subjects
Healthy male and female Chinese adults, aged 18 to 45
years, with body mass indexes (BMIs) ranging from 19 to
26 kg/m’, and weights higher than 45 and 55 kg for
females and males, respectively, were recruited. All parti-
cipating subjects signed informed consent forms (ICFs)
after receiving information and confirmed understanding
of the study’s nature, objectives, procedures, possible
risks, and requirement for study completion. All subjects
were subjected to a comprehensive medical examination to
evaluate their health conditions, including routine physical
examination, detailed medical history, routine clinical
laboratory test (including analyses of the blood, coagula-
tion function, urine, and immunological system, and drug,
alcohol, and nicotine tests), 12-lead electrocardiography
(12-lead ECG), and chest X-ray. Only healthy subjects,
who agreed to use contraceptive methods from 14 days
prior to dosing to 6 months following the end of study, and
fit the age, BMI, and weight criteria, and signed the ICFs,
fulfilled the inclusion criteria and thus were randomized.
None of the subjects experienced any clinically signif-
icant abnormality during this study. Subjects with any
history of allergy, sensitivity to any ingredient in the
amitriptyline hydrochloride tablets, abuse of drug or alco-
hol, excessive smoking, or hepatic renal impairment were
excluded. Subjects who used any drugs within 2 weeks
before the first administration of amitriptyline hydrochlor-
ide, female subjects who were pregnant or lactating during
the study, and subjects who suffered from any condition
which could possibly affect the absorption of the drug
were also excluded.

Study Design and Treatment
This study (ClinicalTrials.gov, NCT03646526) was per-
formed at the Phase I Clinical Research Center of the
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First Affiliated Hospital, College of Medicine, Zhejiang
University, China, in accordance with the Declaration of
Helsinki, the Good Clinical Practice Guidelines of the
International Conference on Harmonization, and other
related guidelines. This study included two independent
clinical trials (fasting and fed studies); each one was
conducted using a randomized, open-label, single-dose,
two-product, two-period crossover design. The research
proposal was reviewed by the ethics committee of the
First Affiliated Hospital, College of Medicine, Zhejiang
University on February 8, 2018, and approved on
March 20, 2018 (approval No. 2018-EC-38). The start
and completion dates of the fasting and fed studies were
August and September 2018, respectively.

All the subjects who were hospitalized on the day
before the trial were randomly assigned to either group
TR or group RT. Group TR received the test product in the
first treatment period and the reference product in
the second treatment period, while Group RT had the
opposite administration sequence. These two treatment
periods were separated by a 3-week washout phase. The
randomization scheme was generated by the SAS software
(version 9.4) in a 1:1 randomized block design. For sub-
jects under fasting conditions, a single-dose test or refer-
ence product was orally taken with 240 mL warm water
after fasting for at least 10 h, while subjects under fed
conditions had standard high-fat breakfast of about
800-1000 kcal (approximately 150, 250, and 500~600
kcal of protein, carbohydrates, and fat, respectively) start-
ing 30 min before each drug administration and followed
the same scheme. A thorough oral examination was per-
formed after each drug administration to confirm oral film
dissolution. The subjects were ambulatory, prohibited from
vigorous activity, and closely supervised by qualified staff
during the entire period of confinement. Water intake
within 1 h before and after dosing was prohibited.
Standard lunches and dinners were provided at the same
time for both groups of the study, at 4 and 10 h after
dosing.

Blood Sampling and Analytical

Determinations

A series of blood samples were collected before and after
each treatment period. Blood samples (4 mL) for pharma-
cokinetic analyses were collected into coded, K,-EDTA
anticoagulation tubes at pre-dose (baseline) and at 0.5, 1,
2,3,4,5,6,7,8,10, 12, 24, 36, 48, 72, 96, 120, and 144

h post drug administration, and then centrifuged at 2000 x
g and 4 °C for 10 min to separate the plasma. Plasma
samples were temporarily stored at —20 °C within 2 h of
collection and transferred to an ultra-low temperature free-
zer (—70 = 10 °C) within 48 h for storage until analysis. In
addition, all the collecting, processing, and storage proce-
dures were performed under scarce light due to the photo-
sensitive nature of the analytes. Plasma concentrations of
amitriptyline and its metabolite nortriptyline were mea-
sured by the LC-MS/MS method, previously validated
by CMIC (Suzhou) Pharmaceutical Technology Co., Ltd
(Suzhou, China).

After performing a protein precipitation procedure, the
quantitative determination of the target compounds was
carried out in the positive ion mode and multiple reaction
monitoring.  Analytes were chromatographed by
Shimadzu LC-30AD and analyzed by AB SCIEX tandem
mass spectrometry Triple Quad 5500. Data were acquired
with the analyst software, version 1.6.3. The linearity
range of the detection method for amitriptyline and nor-
triptyline were 0.2—-50 ng/mL and 0.1~25 ng/mL, respec-
tively. The lower limits of quantitation of amitriptyline
and nortriptyline were 0.2 ng/mL and 0.1 ng/mL, respec-
tively. Additionally, C..x and AUC,, of amitriptyline
were 18.7% and 14.9%, respectively. Based on previous
pre-test results from 12 subjects, Cy.x and AUCy; of
amitriptyline were 23.48% and 18.95%, respectively.
Thus, the coefficient of variation in this study was con-
sidered as 24%. Assuming a one-sided test with a = 0.05,
accuracy of 0.8 (B = 0.2), CV inyra-subject = 24%, a mean
ratio of the test and reference product of 1.00, and 90% CI
of 80.00%~125.00% for the bioequivalence, 21 samples
were required for testing, according to the PASS software
(version 11.0.7). After considering the dropout rate, 24
subjects were enrolled for each study.

Safety Assessment

Safety assessments included laboratory tests, physical
examinations, 12-lead ECG, vital sign measurement, and
incidence of AEs. The laboratory tests included analyses
of blood, coagulation function, urine, and immunological
examination. Meanwhile, vital signs, such as blood pres-
sure, pulse, temperature, and respiratory rate, were mon-
itored before administration, as well as at 1, 4, 6, 8, 24, 48,
72, 96, 120, 144 h after each drug administration to eval-
uate the safety of these two products. Any AEs occurring
throughout the trial was recorded by research doctors and
spontaneously reported by volunteers.
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Pharmacokinetic and Statistical Analysis

Anmitriptyline pharmacokinetic parameters were calculated
using the statistical software package SAS Enterprise
Guide (V9.4) (SAS Institute Inc., Cary, North Carolina)
and verified by performing the non-compartmental analy-
sis with the Phoenix WinNonlin software, version 7.0
(Certara, L.P., St. Louis, MO). Plasma concentration-time
curves were generated under both fasting and fed condi-
tions where C.,x and T, were obtained. Meanwhile,
AUCy_,was calculated using the linear trapezoidal rule.
AUC,_,, was calculated as the sum of AUC,_ and the
extrapolated area from the last quantifiable concentration
(Ct) divided by the elimination rate constant (A,). T, was
calculated as In2/A,. The percentage of the extrapolated
area (AUC oipxirap obs) Was obtained with the following

formula: [(AUCy_.-AUCy)/AUC(_,] * 100%. The rela-
tive bioavailability (F) of the test product was calculated
as: F=AUC_(test)/AUC,_, (reference) * 100%.

Statistical analyses were performed with the statistical
software package SAS Enterprise Guide (V9.4) (SAS
Institute Inc., Cary, North Carolina) using the non-
compartmental pharmacokinetic analysis. C.x, AUCq,
and AUC,., were considered the main variables. The
bioequivalence was determined by the factorial analysis
of variance (ANOVA) for crossover design and calculating
the 90% ClIs of the ratio test/reference, according to the
Chinese regulatory guideline. Therefore, ANOVA (PROC
MIXED) evaluated the effects of the products, dosing
sequence, trial period, and subjects nested within sequence
by measuring the natural logarithm (In)-transformed

193 subjects enrolled

Treatment

Excluded (n=144)
-Not meeting in/exclusion criteria (n=133)
-Not willing to participate (n=11)
Alternative (n=1)

Treatment

Under fasting condition

Randomized (n=24)

Treated with the test amitriptyline
hydrochloride product (n=12) or the

reference one (n=12)

21-day washout period

A

Treated with the reference
amitriptyline hydrochloride product
(n=12) or the test one (n=12)

A 4

Under fed condition
A

Randomized (n=24)

A 4

Treated with the test amitriptyline
hydrochloride product (n=12) or the

reference one (n=12)

A 4

21-day washout period

A

Treated with the reference
amitriptyline hydrochloride product
(n=12) or the test one (n=12)

A 4

Completed all treatment periods (n=24)
Excluded from pharmacokinetic analysis (n=0)

Excluded from bioequivalent analysis (n=0)

Completed all treatment periods (n=24)
Excluded from pharmacokinetic analysis (n=0)

Excluded from bioequivalent analysis (n=0)

Figure | Study design and disposition of subjects.
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pharmacokinetic parameters (C.x, AUCy.;, and AUCy_.).
Parametric 90% CIs of GMR between the two products
(test-reference) were then calculated. Wilcoxon Signed
Rank Test was used for T,,,x and t;,, assessments. If the
90% ClIs of the C.x, AUCy; and AUC,.,, GMRs fell
within 80% to 125%, the two products were considered
bioequivalent.

Results

Participants

As shown in Figure 1, from Aug 7, 2018, to Sept 13, 2018,
a total of 193 healthy Chinese adult potential subjects were
screened. From among them, 48 were selected for the
fasting and fed studies (n = 24 per group). Tables 1 and
2 summarize the demographic characteristics of all
subjects.

Pharmacokinetic Properties

All 48 randomized subjects completed the studies and
were included in the pharmacokinetic analyses for the
reference or the test product. Under fasting conditions,

Table | Demographic Characteristics of Healthy Volunteers of
the Fasted Study (n=24)

nortriptyline AUC o;pxirap obs Values of 5 subjects were
greater than 20% in both periods. On the other hand,
under fed conditions, nortriptyline AUC o;gxirap obs Values
of 2 and 1 subjects surpassed 20% in the 2nd period and in
both periods, respectively. These subjects were not
included the calculation of the pharmacokinetic analysis of
AUC.0, AUC o4pxirap obss Az» and ty, for the nortriptyline.
The mean plasma concentration-time profiles of amitripty-
line and nortriptyline following a single oral administra-
tion of the test and the reference products under fasting
and fed conditions are shown in Figures 2 and 3, respec-
tively. Major pharmacokinetic parameters of amitriptyline
and nortriptyline under fasting and fed conditions are
summarized in Tables 3 and 4, respectively. The t;, of
amitriptyline was about 32 to 38 h and that of nortriptyline
was approximately 39 h.

For bioequivalence evaluation, all the randomized 48
subjects were considered. Subjects whose nortriptyline
AUC ogxtrap obs Values exceeded 20% were not consid-
ered in the evaluation of the equivalence. The 90% ClIs for
the GMR of pharmacokinetic parameters (C.x, AUCq_,
and AUC,.,) for both amitriptyline and nortriptyline

Table 2 Demographic Characteristics of Healthy Volunteers of
the Fed Study (n=24)

Variable Group Overall (n=24) Variable Group Overall (n=24)
A: TR (n=12) | B: RT (n=12) A: TR (n=12) | B: RT (n=12)
Age, years Age, years
Mean (SD) 29.58 (8.370) 24.15 (4.835) 26.87 (7.238) Mean (SD) 33.39 (8.533) 27.36 (8.131) 30.38 (8.714)
Min~Max 21.0~42.5 19.5~34.2 19.5~34.2 Min~Max 21.9~44.7 20.1~44.1 20.1~44.7
Height, cm Height, cm
Mean (SD) 165.4 (7.96) 167.4 (9.54) 166.4 (8.65) Mean (SD) 165.5 (7.18) 166.2 (8.01) 165.8 (7.45)
Min~Max 151~175 157~184 151~184 Min~Max 152~178 153~178 152~178
Weight, kg Weight, kg
Mean (SD) 62.10 (6.889) 64.18 (8.819) 63.14 (7.811) Mean (SD) 61.61 (7.104) 62.74 (8.602) 62.18 (7.737)
Min~Max 52.8~747 51.0~78.6 51.0~78.6 Min~Max 52.9~71.7 51.4~76.1 51.4~76.1
BMI (SD), kg/m* BMI (SD), kg/m?
Mean (SD) 22.69 (1.730) 22.83 (1.931) 22.76 (1.794) Mean (SD) 22.45 (1.673) 22.67 (1.987) 22.56 (1.800)
Min~Max 19.4~24.9 20.0~25.5 19.4~25.5 Min~Max 19.9~25.7 19.2~25.4 19.2~25.7
Sex Sex
Male (%) 7 (58.33) 7 (58.33) 14 (58.33) Male (%) 9 (75.00) 8 (66.67) 17 (70.83)
Female (%) 5 (41.67) 5 (41.67) 10 (41.67) Female (%) 3 (25.00) 4(33.33) 7 (29.17)

Notes: BMI=weight (kg)/[height (M)]% Group A=Test Amitriptyline hydrochloride
of 25 mg (Dongting Pharmaceutical Co., Ltd, Hunan, China) in the first treatment
period and then reference Amitriptyline hydrochloride of 25 mg (Sandoz Inc, US) in
the second treatment period; Group B=Reference Amitriptyline hydrochloride of
25 mg (Sandoz Inc, US) in the first treatment period and then test Amitriptyline
hydrochloride of 25 mg (Dongting Pharmaceutical Co., Ltd, Hunan, China) in
the second treatment period.

Abbreviation: BMI, body mass index.

Notes: BMI=weight (kg)/[height (M)]% Group A=Test Amitriptyline hydrochloride
of 25 mg (Dongting Pharmaceutical Co., Ltd, Hunan, China) in the first treatment
period and then reference Amitriptyline hydrochloride of 25 mg (Sandoz Inc, US) in
the second treatment period; Group B=Reference Amitriptyline hydrochloride of
25 mg (Sandoz Inc, US) in the first treatment period and then test Amitriptyline
hydrochloride of 25 mg (Dongting Pharmaceutical Co., Ltd, Hunan, China) in
the second treatment period.

Abbreviation: BMI, body mass index.
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between the test and reference products were all within
80% to 125% under both fasting and fed conditions
(Tables 5 and 6). Therefore, the test and reference products
were considered bioequivalent.

Safety Assessment

During the study, all subjects received at least one dose of
the study drug and were included in the safety analysis.
During the fasting study, 83 AEs were recorded in all
24 subjects taking the test and reference products. The
incidence of AEs of the test product was 100% (24/24),
while that of the reference drug was 91.67% (22/24). All
AEs were mild and reported as grade 1, except for one
case of serum triglyceride increase after drug administra-
tion, which was reported as grade 2. In the fed study, 86
AEs were recorded in 24 subjects taking the test and
reference products. The incidence of AEs of the test pro-
duct was 95.83% (23/24); meanwhile, that of the reference

was 100% (24/24). All AEs were mild and reported as
grade 1, except for grade 3 sinus bradycardia in one case
and grade 2 hypotension in another case. Drowsiness was
the most frequently reported AE, and one of the most
commonly described with the use of amitriptyline
hydrochloride.”” All AEs were spontaneously resolved
without any specific treatment under fasting and fed con-
ditions. The test and reference products were well toler-
ated and did not elicit serious adverse events (SAEs). In
addition, no subject withdrew from the study due to AE
(Table 7).

Discussion
This study compared the pharmacokinetic characteristics
of the test and reference products in healthy Chinese sub-
jects under fasting and fed conditions. Both products were
SAEs

Bioequivalence was established considering the C,ax,

well tolerated, and no were  reported.
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Figure 2 Mean plasma concentration-time profiles of amitriptyline (A) and nortriptyline (B) after single oral administration of reference and test amitriptyline hydrochloride
tablet in 24 healthy Chinese volunteers under fasting condition. Data represent the mean value for the 24 volunteers, and error bars represent the SD.
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Figure 3 Mean plasma concentration-time profiles of amitriptyline (A) and nortriptyline (B) after single oral administration of reference and test amitriptyline hydrochloride
tablet in 24 healthy Chinese volunteers under fed condition. Data represent the mean value for the 24 volunteers, and error bars represent the SD.

AUC,, and AUC_, of amitriptyline in both fasting and under both fasting and fed conditions showed no signifi-
fed conditions. Statistical analysis of t;, and T, for cant difference when using the non-parametric method
amitriptyline between the test and reference products (P > 0.05). However, the t;, of nortriptyline was

Table 3 Pharmacokinetic Parameters of Amitriptyline and Nortriptyline After Single Oral Administration of Test and Reference
Amitriptyline Hydrochloride Tablet Under Fasting Condition

Parameter Amitriptyline Nortriptyline

N | Test Reference N Test Reference
Trax (h)? 24 | 2.004 (1.991, 7.014) 2.003 (1.988, 6.997) 24 | 7.000 (1.998, 36.001) 6.997 (1.997, 35.998)
Crnax (ng/mL)° 24 | 17.703£7.335 (41.43) 17.622+7.021 (39.84) 24 | 3.857%1.899 (49.24) 3.910£2.140 (54.73)

AUC,. (ng h/mL)® 24 | 365.525%157.052 (42.97) | 352.447+158.617 (45.00) | 24 | 246.906+120.434 (48.78) | 238.320+113.153 (47.48)
AUC,... (ng h/mL)° 24 | 391.392+176.886 (45.19) | 379.483+184.654 (48.66) | 19° | 276.086+157.791 (57.15) | 260.143+144.561 (55.57)

AUC siererap obs (%)° | 24 | 6.10£2.61 (42.83) 6.32+2.77 (43.84) 19° | 9.97+4.33 (43.38) 8.84+4.21 (47.66)
A (Lh)° 24 | 0.0190£0.0042 (22.16) | 0.0190£0.0049 (25.69) | 195 | 0.0176+0.0038 (21.43) | 0.0187+0.0039 (21.11)
t1 (h)° 24 | 38.428+9.483 (24.68) 38.684%9.631 (24.90) 19° | 41.27749.341 (22.63) 38.81348.620 (22.21)

Notes: *Values are presented as median [minimum, maximum]. "Values are presented as mean * SD (CV). “Excluding 5 subjects with AUC sgxerap_obs greater than 20% in
both periods. The results do not include the parameters in the period when AUC ggcrap_obs is greater than 20%.
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Table 4 Pharmacokinetic Parameters of Amitriptyline and Nortriptyline After Single Oral Administration of Test and Reference
Amitriptyline Hydrochloride Tablet Under Fed Condition

Parameter Amitriptyline Nortriptyline

N | Test Reference N | Test Reference
Tonax (h)? 24 | 1.999 (0.994, 4.994) 1.999 (0.998, 4.998) 24 | 4.997 (1.995, 12.031) 4.998 (1.992, 9.994)
Crnax (ng/mL)® 24 | 21.589+9.048 (41.91) 20.705+7.852 (37.92) 24 | 4.448+1.631 (36.67) 4.547+1.590 (34.97)
AUC,., (ng h/mL)° 24 | 334.839£134.531 (40.18) | 312.904+112.537 (35.97) | 24 | 267.684+108.857 (40.67) | 266.382+108.202 (40.62)
AUC;... (ng h/mL)® 24 | 352.609+142.852 (40.51) | 331.621+119.642 (36.08) | 22° | 282.176+115.222 (40.83) | 293.875+123.130 (41.90)
AUC 5evirap.obs (%)° | 24 | 4.9022.01 (41.07) 5.57+2.18 (39.04) 22° | 9.45+4.82 (51.02) 9.70+4.56 (46.95)
Az (L/Ih)° 24 | 0.0230+0.0066 (28.79) 0.0224+0.0070 (31.28) 22° | 0.0187+0.0050 (26.72) 0.0184+0.0048 (26.23)
iz (h)° 24 | 32.45949.170 (28.25) 33.733+£9.853 (29.21) 22° | 39.539+9.744 (24.64) 39.860+8.847 (22.20)

Notes: *Values are presented as median [minimum, maximum]. ®Values are presented as mean + SD (CV). “Excluding 3 subjects with AUC sgcrap_obs greater than 20% in
one or two periods. The results do not include the parameters in the period when AUC ygycrap_obs is greater than 20%.

Table 5 Geometric Mean Ratios (GMR) and the Corresponding 90% Cls for the Primary Pharmacokinetic Parameters of Amitriptyline
and Nortriptyline Under Fasting Condition

Parameter N Geometric Geometric Mean GMR (Test/ Intra- 90% CI (%) Power
Mean (Test) (Reference) Reference) Subject CV (%)
Amitriptyline
Crax (ng/mL) 24 | 16.56 16.57 99.95 21.08 90.14~110.83 | 94.82
AUC,_; (ng h/mL) 24 | 338.86 32821 103.25 827 99.10~107.56 | >99.99
AUC,.., (ng h/mL) 24 | 361.00 350.51 102.99 8.54 98.73~107.44 | >99.99
Nortriptyline
Crnax (ng/mL) 24 | 34l 342 99.57 9.30 95.09~104.26 | >99.99
AUC,., (ng h/mL) 24 | 218.04 212.16 102.77 7.10 99.22~106.45 | >99.99
AUC,_., (ng h/mL) 19 | 23531 226.08 104.08 7.88 99.50~108.87 | >99.99

Notes: “Excluding 5 subjects with AUC exrap_obs greater than 20% in both periods. The results do not include the parameters in the period when AUC ggycrap obs IS
greater than 20%.

Table 6 Geometric Mean Ratios (GMR) and the Corresponding 90% Cls for the Primary Pharmacokinetic Parameters of Amitriptyline
and Nortriptyline Under Fed Condition

Parameter N Geometric Geometric Mean GMR (Test/ Intra- 90% CI (%) Power
Mean (Test) (Reference) Reference) Subject CV (%)
Amitriptyline
Crnax (ng/mL) 24 | 19.66 19.36 101.59 24.00 90.34~114.23 | 86.16
AUC, ; (ng h/mL) 24 | 311.37 294.85 105.60 15.00 98.07~113.71 | 984lI
AUC,.., (ng h/mL) 24 | 327.48 312.33 104.85 14.34 97.69~112.53 | 99.36
Nortriptyline
Crnax (ng/mL) 24 | 4.12 4.26 96.76 7.95 93.03~100.64 | >99.99
AUC, . (ng h/mL) 24 | 24449 242.85 100.68 7.35 97.08~104.41 | >99.99
AUC,.., (ng h/mL) 217 | 260.61 25827 100.91 8.76 96.31~105.73 | >99.99

Notes: “Excluding 3 subjects with AUC sexcrap_obs greater than 20% in one or two periods. The results do not include the parameters in the period when AUC ggycrap_obs is
greater than 20%.

significant different between the test and reference pro- exceeded 20% in both periods were excluded from the

ducts under fasting condition (Table 8). In the fasting analysis, which may have contributed to the significance

study, 5 subjects whose AUC o;gxrap obs fOr nortriptyline  of t;,,. Amitriptyline undergoes demethylation forming the
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Table 7 Total Number of Adverse Events and Percentage of Healthy Subjects Experiencing Adverse Events in the Fasting or Fed Study.

Values are Given as No. (%)

Parameter Fasting Condition (n=24) Fed Condition (n=24)
Test Reference Test Reference
Any adverse event 83 86
Adverse event may relate to drug
Results of inspection
Increase of alanine aminotransferase 2 (241%) I (1.16%)
Increase of serum triglyceride 5 (6.02%) 2 (241%) 3 (3.49%) 3 (3.49%)
Hyperuricemia 2 (2.41%)
Hyperbilirubinemia I (1.20%) 1 (1.20%) I (1.16%) I (1.16%)
Prolongation of activated partial thromboplastin time 1 (1.20%) I (1.16%)
Urine protein positive I (1.20%)
Increase of serum total bile acid I (1.16%)
Cardiac disorders
Sinus Bradycardia 4 (4.82%) 1 (1.20%) 8 (9.30%) 6 (6.98%)
Incidental ventricular extrasystole 2 (2.32%)
Bradycardia 3 (3.49%) I (1.16%)
Vascular disorders
Hypotension 2 (241%) 2 (241%) I (1.16%)
Gastrointestinal disorders
Nausea 3 (3.61%)
Abdominal pain I (1.16%)
Skin and subcutaneous tissue disorders
Papule I (1.20%)

Nervous system disorders

Drowsiness

22 (26.51%)

22 (26.51%) 24 (27.91%) 23 (26.74%)

Ear and labyrinth disorders
Vertigo

Tinnitus

| (1.20%)

I (1.20%) | (1.16%)

| (1.16%)

Adverse event may not relate to drug

Results of inspection
Leukocytosis of urine
Esterase positive in urine leukocytes
Decrease in leukocyte count

Neutrophil count decrease

| (1.20%)
I (1.20%)

I (1.20%)
I (1.20%)
| (1.16%)
I (1.16%)

Cardiac disorders

Sinus tachycardia

2 (241%)

2 (241%) I (1.16%) I (1.16%)

Skin and subcutaneous tissue disorders

Papule

I (1.20%)

major metabolite nortriptyline.'* Both amitriptyline and
nortriptyline are active pharmaceutical ingredients and
treat depression.”” According to FDA’s Draft Guidance
on Amitriptyline Hydrochloride,>* the bioequivalence of
the test and reference products is primarily determined by

pharmacokinetic parameters (C.x, AUCq., and AUC_,)
of amitriptyline. The results of nortriptyline confirmed the
bioequivalence between the generic and reference drugs.
Under and fed
AUC opxirap obs Values were > 20% for 5 subjects in both

fasting conditions, nortriptyline
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Table 8 T,,.. and T, of Amitriptyline and Nortriptyline After Single Oral Administration of Test and Reference Products Under

Fasting or Fed Condition

Parameter Amitriptyline Nortriptyline
Test Reference P value Test Reference P value
Fasting Condition
Tmax (h)
n 24 24 0.5748 24 24 0.3263
Mean (SD) 2.835 (1.4061) 3.209 (1.6448) 10.625 (9.5679) 10.790 (10.0583)
tiz2 (h)
n 24 24 0.6373 19° 19° 0.0289
Mean (SD) 38.428 (9.4827) 38.684 (9.6307) 41.277 (9.3411) 38.813 (8.6203)
Fed Condition
Tmax (h)
n 24 24 0.3896 24 24 0.5503
Mean (SD) 2.538 (1.0620) 2.455 (0.8328) 4915 (2.4515) 5.247 (2.3271)
tin (h)
n 24 24 0.3277 21° 21° 0.5113
Mean (SD) 32.459 (9.1697) 33.733 (9.8528) 38.876 (9.4631) 39.338 (8.7125)

Notes: “Excluding 5 subjects with AUC seycrap_obs greater than 20% in both periods. bExcluding 3 subjects with AUC ygycrap_obs greater than 20% in one or two periods.

periods and 3 patients in one or two periods, respectively,
possibly due to insufficient blood collection time. Thus,
a longer blood collection time may be necessary. In addition,
subjects were not affected by the carryover effect since the
amitriptyline and nortriptyline concentrations in the 2nd period
were less than 5% C,.x, which proved enough washout time.

The pharmacokinetic parameters of amitriptyline in
this study were compared with those previously
reported.25 The observed C,.x for amitriptyline under
fasting conditions was similar to previous reported,
which validated our results. However, amitriptyline t,,
in this study was much longer than what is previously
reported (24 h). Compared to previous reports, AUCq_,
increased by approximately 30% (296.87 + 124.99 ng h/
mL in the literature), while T, decreased by approxi-
mately 40% (the median value of 3.25 h in the literature).

The pharmacokinetic difference between the para-
meters of this study and previous studies maybe influenced
by different drugs’ manufacturers.®> The amitriptyline
hydrochloride used in literature is produced by Merck &
Co, Inc., while the reference product in here was made by
Sandoz Inc., US. Ethnicity difference could also be
a reason, since previous studies were conducted using
Korean subjects, while Chinese subjects were used in
this study. In addition, the analytical determination meth-
ods may also play a role. Higher precision of the analytical

instrument allows for detection of residual concentrations
of chemicals, thus concentration-time curves closer to the
actual pharmacokinetic characteristics can be obtained.
Furthermore, pharmacokinetic data under fasting and
fed conditions were compared. Tables 3 and 4 indicate that
food had an impact on the pharmacokinetic processes of
amitriptyline and nortriptyline, regardless of using the test
or reference product. With the addition of standard high-
fat breakfast before administration, C,,, of amitriptyline
increased by approximately 20%. Lipophilic amitriptyline
could have been absorbed with fat into the lacteals and
therefore avoided the liver first-pass effect. In this case, the
resulting higher plasma amitriptyline levels might have
increased the amitriptyline Cy,y.>® Conversely, amitripty-
line Tp,.x did not significantly change. Food inhibits the
rate of gastric emptying, which increased the proportion of
drugs dissolved prior to entering the small intestine thus
delaying the rate of drug absorption.”” The dissolution of
lipophilic amitriptyline in bile salt micelles may promote
drug absorption. Both the rate of gastric emptying and the
lipophilicity of the drug may cause the invariance of T,,y.
The amitriptyline t;,, AUCy, and AUC,_, decreased,
meanwhile, the nortriptyline T,,,x was reduced by approxi-
mately 28%, and nortriptyline C,.x and AUC,_, and
AUC_,, were increased by approximately 15%, 10%,
and 10%, respectively. One possible explanation is that
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amitriptyline is preferably absorbed in the gastrointestinal
tract and is metabolized in the liver.*® Food can increase
the hepatic-splanchnic blood flow, which may improve the
metabolism of amitriptyline to nortriptyline.”’ This may
account for the decreased t;,, AUCy, and AUC(_
values of amitriptyline and the increased bioavailability
of nortriptyline in the fed study, which confirms that
food affected the pharmacokinetics of amitriptyline.

Conclusion

This study was conducted under both fasting and fed
conditions, in healthy Chinese volunteers. Both the test
and reference products complied with the regulatory cri-
teria for supposing bioequivalence based on C,,,y, AUC_,
and AUCy... Both products were well tolerated and no
serious or unexpected AEs were observed.
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