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Pharmacokinetics and
Bioequivalence Study

Population pharmacokinetics of duloxetine in patients with depression
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Abstract; Objective
(PPK) model of duloxetine ( DLXT) in hospitalized patients with
depression, to investigate its influencing factors, and to provide reference

A total of 325 patients who

To establish a population pharmacokinetic

for individualized medication. Methods
were hospitalized and received oral DLXT treatment at Shenzhen

2022 to October 2025 were

and their medication information,

Kangning Hospital from January

retrospectively included, plasma
concentrations, and other clinically relevant data were collected.
Nonlinear mixed — effects modeling ( NONMEM ) was used to establish a
PPK model of DLXT concentrations. Goodness — of — fit ( GOF) plots,
visual predictive check (VPC) and Bootstrap were used to evaluate the
stability and predictive performance of the model, respectively. Based on
the significant covariates identified in the final model, the steady — state
plasma concentrations ( C,,) of DLXT over time were simulated under
different dosage regimens in various populations. Results A one -
compartment model with first — order absorption and elimination was

developed using 450 plasma concentration data points from 325
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inpatients. The inter — individual variability of apparent clearance ( CL/F) was 42.2% , and the proportional residual

variability was 27. 1%. Gender was identified as a significant covariate affecting CL/F. The final model was expressed
as: CL/F(L+-h™") =64.6 x (1 —0.25 x Gender) , where Gender is an indicator variable (male =0, female =1).
The apparent volume of distribution was 1 530 L, and the absorption rate constant was fixed at 0. 168 h~'. Monte Carlo

simulations showed that the C in females was higher than that in males at the same doses. Conclusion A PPK model

for DLXT in hospitalized patients with depression was successfully established. The final model is stable and reliable,

and it can be used for individualized dosing regimens in clinical practice.
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JEIEPETT (duloxetine, DLXT) J™ ¥ F§ TR Y7 H E
FETVEIAE A A0S RFITAC R 04 400 A i | £ RERE
DA B M e P o (G0 DR J L e 2 ) T A
DLXT [R3RT7 Y7 RN 2 Ak ARG RIA AT (HRRIR A
REE A A 2550, HOR) it 45 1 24 ok B 2 AR R AR
X%, 25 BEAEAS PR 22 Sk o BUAT i) DLXT
1K 25483l 712 (population pharmacokinetics , PPK ) 45 %l
WFFE 32 AR v 7 [ Ah B B0 B A T 1 i AR 1aX
B A AR R EL A R PPK E ST O
Bb o PG, ms PR E A CRE ) 2548 3) 1) 27 (phar-
macokinetic , PK) FFAE LA & K F 25 5w . A5
WK FHIE L M IR A 3w A 5 ( nonlinear mixed effects —
modeling, NONMEM ) &, 4387 3 56 DLXT #Y Ifin 24 ¥k J&
FHIE RGORM A , 4 1 PPK A2 AL PR 5 52 i A& ) PK
ZRIBTEYME R, O DLXT il RIS Tt 2% .

I RENOE LW pr

1 MRS

g 2022 4F 1 H % 2025 47 10 F A1), e BRI
BT E R AE R 13552 DLXT 1 IRIATF I 325 4 ik
HFENT S . A I 7 5 B 3RAS I T BRE T B S
PR O WAt b5y 2021 - 12 -6 -3,

MNFRAE  ONRFH DLXT (1E B & Q4FER A
F 10 -80 %/ ; @M EI =/ Wil 1 Yk DLXT 1M 25

HebrtRE O P #1E 0L QR
MR 22 s BB ™ T AR IAPET ; DI R PR 42,
2 ¥ AR ER MR ENE

BE 2 1 ik DLXT JR 97, 25 5 5 B A 16 dh g
DLXT Jiz ¥ e (R i 44 : IKE I8 ) , BUA% : B/ 60 mg,
HEWE ST 25 5 HI20150287 , 26 [E 4L ok A /) A4 7
(JRAFZY) #hi2 DLXT f s icde (ZRBAYG) , Bk B i
20 mg, Ik ESCT  E25HET H20203727 ) AR AR BHOG I
WA BRA RN (ihi25) ; 2hFR DLXT Ji7 %5 e 2E (1
WE ), A% B 20 mg, b E SCS: B 2 i

H20130056, VL5 B AL B A3 R ") A 7™ (Pl 25) .
252 )5 58 i G R B D AR 4189297 5 SR R 24 it 1 ] 45 161
SE /IR EETTIR I B 22 60 ~ 120 mg, 1 H 1K
(QD)E{1 H 2 K (BID), DLXT FEHH9 -19 h,
3 -6 IRRAZS I R A AR AR T R R A A
4 -7 RTE R HEATR M, B ETF M 400 plL,
SR Z 4 o RO A 5335 3 D 7 DLXT Ifil 25 ¥ JiE
R 7 22 (2 FE L 14. 40 —230. 46 ng - mL™",
E1g T BR (below quantification limit, BQL) & 14. 40
ng - mL ™ KN 5 H L H R <15%,
BQL Ay M 249 &t 3L 33 4~ (i 7.33% ) , >R FH R4
Bk iy .
3 HRlE

K EXCEL e il R 57 oRE, — % 98 0 4« 4F
W PES] AREE DLXT 25 {5 B ds - A7 K G2
1] 00 T B AS 5 5 1 T 25 an el ma T DR ECE L R—A
S MR IS R B ST R A | SR 2 R AR T
AP 5550 PG AT 5 024 9 B A 5 by 0L ik ) 5 A A 351
HALFEITEhRE B D REF8 45 55, BOA B I 45— Ui
AR , 22 AT BE BB Y4 52 DLXT 857 19 A Be 6
A
4 PPK &S

SR A4 F§ NONMEM ( Version 7.5.0) Fl1 Perl
— speaks — NONMEM ( PsN, Version 5.2.6) , {ifi F & {4
Pirana ( Version 3.0) # 47 0] # 1k # /E, f# FH R
(Version4. 5.3 ) A4b 38 % 4 . Graphpad prism ( Version
9.0) il KIE
4.1 HEREIET

TEAL) SRR I, M5 AN 7] B 2 A A9 4005 5
WO T AR i (E B ME N ( Akaike information criterion,
AIC) %} B #5 2R 50 (. ( objectivefunctionvalue , OFV) 47
LR (ARD) 5 5 AIC HEAR AR T
GF ARy S R RS PPK (14 4% 0 2 5000 25 % i okt
R B (absorption rate constant, K, ) |, 2 WL/ 4 & FH
(apparent volume of distribution, V/F) DA M FE WL [
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(apparent clearance, CL/F) 25 HESE bR A TA] AL 57
(Inter — individual variability , [TV ) & 5 5084 pRET (2
X @) #H1T 8 E, ¥ 24 55 (residual unexplained
variability, RUV) W #5255 2% & AIC FNSEaME, 73l 5%
RIE G (AXB) S (AKX, e, =0) 3 L fil
B(AXOH, e, =0) BREAL G, T 5E B It 5 il
B,

AIC = OFV +2 xp )
P =TVxem )
Y=Fx(l+g) +e, ©)

Horpp € AT SR ARG PoE LA ES
B THE, TV E SO RERLELUE, m, & SO 1) B
HLAIRE , AR TEZS 4345 (0, 07 ) 5 Y 2 SCHWRINE , F 52
ST, &, & S B RS 158 22, e DA T 285 43 i
(0,01%) &, 58 SUNAIFIRSE S  IRIE S35 (0,027 .
4.2 HhEEHEBET

0 il 45 A il b, B — 5 S AE 52 i DLXT
PPK 2 B8 &, R 1] Hi A A 45 J5 38 59 Bk 14 J7
PR R A B R R, e U A LA
YRR EIORERL 53 A, R 3% 22 28 00 43 0] FE A L 491 35
FEEOM R BRI 3T o [ TN AR, 25 PR i
A OFV R 3. 84 (P <0.05,df =1) , WHE %
PVERA G E SO T LR E 5B A BRI, & —
BERC AER DV A BRI OFV X5 ini it 10. 83
(P <0.001,df =1) , A&z b i A7 38 SOF 7 LR
B 75 DDA B AL Hh S B
4.3 FEBIIIE

X} s 2T 1 PPK RS, 256 ia UG- BE Dt
& ( goodness — of — fit, GOF) | nJ fIL £k T ] #6546 ( visual
predictive check, VPC) 5 2% B 2¢ 1% ( Bootstrap ) X}
BRI LG D0 B R P DA B T S AT R A
GOF 5 BE AT {H ( population predicted concentra-
tion, PRED) X} WM {E ( observation concentration, DV) |
AR M {E ( individual predicted concentration,
IPRED) % DV 4544 5 5% 2 ( conditional weighted re-
siduals, CWRES) 43 1%} PRED F1 5 ] (1850 5 &, % 5%
BRI PERE . e T RIS B 1 000 & %4 2
VPC 8], PEAGASE DR 5 L0 1 i Fsf (1] ) 728 A 15 0
— B, R RS 550 K& 95 | A i A WK
PR LI B A, EL b 8 TS 1) 95% B AE
[X ] ( confidence interval, CI) P, A B BRI/
M EGE . R M Bootstrap J5 ik #E47 1 000 ¥k 5 42 4l
FE, Y ESHOTET A A5G IR0 A, A5 R 25
T 85% , HA&AZHUHTHEVE T Bootstrap FliAE: /341 1Y

95% CI IR, F7n iR BAT R AF AT E PR AT T SEE
4.4 EENA

A2 Bk ) DLXT PPK Y, R 734 18 %
SCHY IS 5 g AN [RI A 01, 0 FH 52 R T B AU A LB
A RS E (steady — state concentration, C,, )
BEINT ) 53 A7 17 0 o AR 90 A8 5] ot 0K bl 245 382 50K ol
SRt te S, DLXT (A 30AYF 2% R
30 - 120 ng + mL™', 454 DLXT 24 f i W3 15 % &
60 mg QD/ BID 120 mg QD/ BID 4 Fp50| & )5 %, ik 4k
251, T8 8 Hi R HIR L& C,, 2]
C,, — IfTajIA

# R

1 ARG —HER

AT A 325 43 B BB A Y 450 17 Il 24 vk
FE ,DLXT [J58)a h 67. 17 £25.40 mg (20 - 120 mg,
QD/BID) , $2 41k 1 A~ 1 245 Wk B i K8 & 231 451 (5
71.08% ) ,2 A 253 FBEf 72 1 ( 5 22.15% ) ,3 4~ K%
DL 22 (7 6. 77% ), —Mlim PRBER L 1,
2 BAAFEER
2.1 EmfiEs

T A ARSI, 43 3] 53— P 25 A 58 (ADVAN2
TRANS2) Fll 22 fi7 ( ADVAN4 TRANSA) ) AIC , HiAE
h 3 236.27 13 238. 46, s — P aE AIC B/,
TEHE— ZLR ORI R (1) — b7 A RIAE Jy DLXT 45
TR A, Gl A AR, TR A B RUV R AIC
3 213.31, Y46 1E h 32% ; In AL AIC #y3 211. 31, UK
GEAE R 31% 5 LB AIC Ry 3 236. 27 W 4i{E R 30%
MG EFE AIC {E 5/ H W 46 (/N T 55 F 30% By
W e R B B H ) R A O RUV MRS, B F
R M Ka [5E AS F O(E, AE OFV A8 (6 G 3
Z5(AOFV=0.12<3.84,P >0.05) , 454 NBEFHIF
PEFE 0. 168 h™' N[ fi. B4 I0 2 M0 fh 1145 51 L
#2,
2.2 HEERE

SE—Fe I FT IR P L EIHZEER (total biliru-
bin, TBIL) . H. 3041 & (direct bilirubin, DBIL) FI4F-#
PI%t CL/F 45 B350 ( AOFV >3.84 % P <0.05) ;
55 RS TEPERIZERY I, mA TBIL (DBIL Fl4FE#S , R
HRZEm ( AOFV >3.84, P <0.05) ;55 =4 1
TBIL 3Lt |, % CL/F A B3 %0 ( AOFV >
3.84,P<0.05) . J5iB BRI, J3 5 50 B 14 0 TBIL
R ( AOFV <10. 84,1 P >0.001) TG0 2500, (Y
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F1  BEBIEIRTER V/F(L) =1530 ©®
Table 1 General information of patients 2.4 *ﬁﬂ -‘Lzlzﬁl\

Ttem Mean + SD Median( Range) 2.4.1 GOF %#R

Number of patients 325 - GOF 5 5. DL 1, DLXT ) DV 5 PRED  IPRED
Gender ( Male/Female) 125/200 - H(J%U‘J_i [%]% y=x %:%\%%il}j/;‘] I}ﬁ*ﬂ‘ﬁ‘ﬁ%ﬁ ; CWRES {E%
?IEgXT ;inf?r)m“ons 52.73£37.88  42.35(7.2-194.5) AVELEN 3 (£2) XY, BARBER A F1 DLXT )
Age (years) 46.99 £15.20 47.00(14.00 -78.00)

Body weight (kg) 61.31 +12.60 59.30(34.50 —116.00) A ARSIV B LALLM

TP/ (g- L") 65.73+5.03  65.30(53.40 —83.90)

ALB/ (g-L°") 41.11+3.01  40.70(34.30 -55.60) 2 oo’

TBIL/ (pmol - L") 12.57 +5.45  11.40(3.30 -37.20) g 150 . Zgggﬁ 3

DBIL/ (pmol + L") 3.60+1.97  3.14(0.10 -12.70) g 100 g g

ALT/ (U - L") 22.41£23.55 16.00(4. 00 -308.00) “© e

AST/ (U-L7") 19.97 £14.51 17.00(9. 00 - 193.00) , - ol

UR/ (mmol - L") 4.49£1.27  4.36(1.30 - 10.30) 0 S0 100 150 200 0 50 100 150 200

Ser/ (pmol - L) 64.87 +14.77  63.00(36.00 - 128. 00) AURAGRI SRR

TG/ (mmol . L’l ) 1.42 +1.36 L 05(0 23 _15. 67) C CWRES versus time D CWRES versus PRED

TC/ (mmol - L71) 4.59 +0.97 4.59(1.95-7.41) -

HDL/ (mmol - L") 1.27£0.35  1.23(0.64 -3.27)

LDL/ (mmol + L-1) 2.80£0.80  2.89(0.59 —5.07) 2 % 3

Cer (mL - min") 0.73£0.17  0.71(0.41 —1.45) £ 1004 g

Olanzapine (n/% ) 33/10. 15 - - °

Clozapine (n/% ) 7/2.15 - .

Risperidone (n/% ) 16/4.92 _ 0 50 100 150 200 0 50 100 150 200
Aripiprazole (n/% ) 10/3. 08 - i i
Quetiapine (n/% ) 37/11.38 - 1 DLXT SR il 4 e

Mirtazapine (n/% ) 39/12. 00 - Figure 1  Goodness — of —{it plots for the final model of DLXT
Lorazepam (/% ) 61/18.77 - DV Dependent variable; PRED; Population prediction; IPRED; Individu-
Buspirone (/% ) 23/7.08 - al prediction; CWRES; Conditional weighted residuals. The dotted lines in-
Tandospirone (n/% ) 35/10.77 - dicate the smooth lines between the scatters, respectively.

Valproic Acid (n/% ) 13/4.0 -

Fluoxetine (/% ) 3/0.92 - —

TP: Total protein; ALB: Albumin; TBIL: Total bilirubin; DBIL: Direct o

bilirubin; ~ ALT:  Alanine  aminotransferase; ~ AST:  Aspartate . °

aminotransferase; TG : Triglycerides; TC: Total cholesterol; HDL: High — e »” _____ N e,

density lipoprotein; LDL: Low — density lipoprotein; Scr: Serum " o 4 )

creatinine; Cer: Creatinine clearance; Male: Cer = (140 — age) x body a ool £ ".@ s ° e

weight/ (0. 818 x Scr) ; Female: Cer = (140 — age) x body weight/ (0. 818 §

x Ser) 0. 85.

PRI CL/F BAT B350 ( AOFV =27.82 > 10. 84, : :

P <0.001) , % B P A5 31 e 4455 781 , : .

2.3 SrkiER 0 1000 N 2000 3000
BRI PK ZHAT RN AARD - ©, H5)
S - w N g] e B TR I
St DLXT ff) CL/F A7 B 0 R SR HE W3 2. 2 ZLXTV;‘:} B’ : Eg Vll’ ¢ @d S
K h—l =0. 168( Fixed igure or the final model o
a( ) ( e ) @ Scatter points; observed DV; Solid line: median of observed DV; Dashed
CL/F(L-h™") =64.6 x (1 =0.25 x Gender) (%)

Gender ;male =0 ,female =1 Cls for the corresponding simulated percentiles.

lines: 5th and 95th percentiles of observed DV; Gray shaded area: 95%
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PRED ) B2 i 28 Al e 3, s e AR 4D 5 1
Bt
2.4.2 VPCH#£R

VPC 255 (1 2) Wow , WLIUAE (5% 5.50 F195 /&
OML) A T TR ) 95% CI N, BB ALy
FRIAELE T UL B8 11 e A A S P, R AT ASE 2R 7
PE R AT o
2.4.3 Bootstrap 53R

Bootstrap Z Ul 3 i 2 g 99. 70% , 45 2 Hfli
THE 5 Bootstrap 5 SR i) o L BE A W) 5, ¥ 75 18
Bootstrap 1 2. 5% —97.5% 43 i 50N, i/~ DLXT (1
IR ZAANTG E PER ] SR PERAr . S RIEILR 2,
3 HBENA

BT AR BM E oR (& 2)  7EiELZE 7 H L
60 mg QD120 mg QD .30 mg BID #l1 60 mg BID %524
TERIrIa BT QD J5 %, BID 7R A €, - i [H]
MR P A W P /N [ 1R 7 TR T, e
HWC T B,

%2 DLXT ) PPK S5l i1F1 Bootstrap 255
Table 2 PPK parameter estimation and Bootstrap results of DLXT

A DLTX C_ of 60 mg QD versus time B DLTX C_ of 30 mg BID versus time

— famale — famale
-- male -~ male
]207 ................................................. ]207 ....................................................
O o
E E
an o
£ £
> > ————————
la) PR P S S
JI B T T AR, S 30 R O
0 T T T T 0 T T T T
0 12 24 36 48 0 12 24 36 48
t/h t/'h

(o DLTX C_ of 120 mg QD versus time D DLTX C_ of 60 mg BID versus time

— famale — famale
o0 1 - - mal
o) I ) male ! I male
- - NNV NN
= - - =
& ’ Ss AR g -~ PEES PR PES
&n ’ ~ ' ~ &n Ss Ser ~ S
£ ! S £
= g ~ =
=] =]
210 [ R OS] e
0 T T T T 0 T T T T
0 12 24 36 48 0 12, 24 36 48
t/h t/'h

3 B DLXT RYRRZS i 259 52
Figure 3 ~ Simulated steady — state concentrations of DLXT in
male and female patients

C,, : Steady — state concentrations

Base model

Parameter Final model Bootstrap

One — compartment Two — compartment

Estimate (RSE% ) Estimate ( RSE% ) Estimate ( RSE% ) Median(95% CI)
OFV 3 228.27 3 226.46 3 200. 44 3192.79
AlC 3 236.27 3 238.46 3 210. 44 3202.79
CL/F (L/h) 54.5 (4% ) 51.5 (6%) 64.6 (5% ) 64.2 (56.73 -71.33)
Q/F (L/h) - 5.36 (88%) - -
V/F (L) 1590 (15% ) 1330 (27% ) 1530 (16% ) 1533 (927 -2 026)
V,/F (L) - 889 (46% ) - -
K,(h™") 0. 168 (Fixed) 0. 168 (Fixed) 0. 168 (Fixed) 0. 168 (Fixed)

e(;cndrr on CL/F - -
Newr 0.201 (11% ) 0.201 (13%)
€ 0.0731 (14% )

0.0725 (14% )

0.250 (16%)
0.178 (12%)
0.0732 (15%)

0.249 (0.160 -0.324)
0.175 (0.132 -0.215)
0.0719 (0.0519 -0. 0956)

Q/F: Apparent clearance of the peripheral compartment; V,/F: Apparent volume of distribution of the peripheral compartment; 6o on o1 5 : Effect of Gen-

der on CL/F; ¢y p: Interindividual variability of CL/F; g: Proportional residual error; Fixed: Fixed value.

it

AT T B AR A8 38 B St R e , o
7T DLXT — W ORI BR 19— b7 % 1Y DLXT PPK
B, B58 T 52 DLXT 2530 ) 2= S 5 ny U A8 5
DLXT f# CL/F 3} 64.6 L. - h™' (Male) .48.5 L - h™'
(Female ), fik F v H f& fE %2 ik & W CL/F

(75.5 L - h™") PRI B AAR L #35 4E BF I CL/F
(8.4 L+ h ") jx—25 5 AREER SARE, AR
i8R DLXT 7E3MAR L # 75 4 f i CL/F & T,
N8 C IR AR 30% 7
WL S BRE B0 CL/F () 8 s

PEEE ) CL/F 5 B ER Y 25% , 5 LOBO 2 A\ 3t
F Lo rfula I R 58 B0 HO B 58 45 SR AR . L2 PRk g
RS WAL B ) B 25 N % B 5L DLXT {5 B
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TR, HeAh, DLXT FEK N 3 2 1 40 i 5 R P450
(eytochrome P450, CYP450) AL, Hitp CYP1A2 J&
e BB RACIEE S " Wi e CYPLA2 B PR T
B R PR CL/F T B . A BFSE BQL
ARG R 7.33% R PR BOS ik, AT e IR =
By 1IVOAT RVU, {H F L BOL %48 te 1 5 A%
( <10% ) H F B3 A TEAR sl B AH , % CL/F V/F 1y
w2 AT 2L N T o IR 2507 05T
R 45 5L 5 7% 60 mg QD 120 mg QD .30 mg BID F
60 mg BID 4 FjiJ5 ¥ Re i DLXT il 25 ¥k B 47 7 3
P EN PR 4 MO B EA TR, IR
220 BID B, I 2546 B 2l TE A P AR . FERl—IRYT
ZN PR e I I 2k B R YT A S A B
DA AT BE5 5 AT, PRI, 6 I DR 75 o 8 4 v 5
SIS ZE 5 I H R E AR A 2 T S

A FRAEAEAT TR . 58, M A — 30 ] Josi 4
FE , 1245 B F00H0 ol AR 6 s 7 HL 5 2k H 4 BR A,
2 W ISCAR Y 25 A R RS, TC I MER A 5 K, TRt
S0k [ E 4 0.168 h™'  (HEFFE PR ATS % A
RISk~ AT RUBE T, TR 1 R R Y K (R
BRI OFV 52ma AR K . HRk, DLXT F %148 CYP1A2 |
CYP2D6 {5 ' ABIE 58 1 K43 32 1 A AT A0
SR I T IR PRSI, A 2% 8 ik PR 22 25 1 %o ot 24 e
1 PK 520, SRS YERE A — 2 M52, Kok
BT TS PR 5T, 4T 5 %< DLXT 9 PK (19 52 1

25 LA AR5 1 5N H SR, B 9T
R D RE S % DLXT Ifil 24 ¥k B Al PK S 40011 5%
Wi, A A T DLXT e Hp =43 B P9 AR 2 5 1) PPK A
Y, DLXT i PRANAAE N R L 2%

S Tk -
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