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ABSTRACT

Objective: To develop a population pharmacokinetics (PK)/pharmacodynamics (PD) model for alcohol in healthy volunteers and to
elucidate individual characteristics to affects alcohol’s PK or PD including dissolved oxygen. Methods: Following multiple intakes of
total 540 mL alcohol (19.42 v/v%) to healthy volunteer, blood alcohol concentration was measured using a Breathe alcohol analyser
(Lion SD-400 Alcolmeter®). A sequential population PK/PD modeling was performed using NONMEM (ver 7.3). Results: Eighteen
healthy volunteer were included in the study, PK model of alcohol was well explained by one—compartment model with first—order
absorption and Michaelis—Menten elimination kinetics, K, V/F, V. K, is 8.1 hr' 737 L, 9.65 g/hr, 0,041 g/L, respectively.
Covariate analysis revealed that gender significantly influenced V., (Male vs Female, 9.65 g/hr vs 7.38 g/hr). PD model of
temporary systolic blood pressure decreasing effect of alcohol was explained by biophase model with inhibitory E,,, model. Kq,
Imax» Eo, ICsq were 0.23 hr'. 44.9 mmHg, 138 mmHg, 0.693 g/L, respectively. Conclusion: Model evaluation results suggested that
this PK/PD model was robust and has good precision.
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Table 1. Experiment design
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Group A Group B Group C
Period 1 Alcohol concentration 19.42+0.01 v/v% 19.42+0.01 v/v% 19.42+0.01 v/v%
O, concentration in alcohol 8.25+0.02 ppm 26.14+0.10 ppm 26.14+0.10 ppm
O, concentration in water 8.14+0.02 ppm 8.14+0.02 ppm 51.92+0.14 ppm
Period 2 Alcohol concentration 19.43x0.01 v/v% 19.42+0.01 v/v% 19.4320.01 v/v%
O, concentration in alcohol 26.0120.12 ppm 8.29+0.02 ppm 26.01+0.12 ppm
O, concentration in water 52.09+0.12 ppm 8.23+0.05 ppm 8.23+0.05 ppm
Period 3 Alcohol concentration 19.42+0.01 v/v% 19.42+0.01 v/v% 19.42+0.01 v/v%

O, concentration in alcohol
O, concentration in water

26.06£0.11 ppm
8.25+0.05 ppm

26.06+0.11 ppm
51.87+0.29 ppm

8.30+0.03 ppm
8.25+0.05 ppm
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©]2k718HDBP, Diastolic blood pressure), W2HPUL, Pulse)°] %1
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o) 25 oR ofF v seRvict AN ZPsdc BF
[e] Xé]

Base model

A% FEFH /=52 (Population  pharmacokinetic/
pharmacodynamics) £-21- Bl E3ET} RS Falo] 4
3159 NONMEM® (Ver. 7.3, ICON development solutions,
Ellicott city, MD, USA)S- ©]-8-5}3it} 22l 7K Model evaluation)
5= 918k PsN toolkit (ver 4.6.0) 2 Xpose (ver 4.2.3)% R
studio (Ver 1.0.136)2 A-&-3}4ith.1?)

289 FEFE RFEFE Fd3i (sequential PK/PD
modeling)S o]- &3l th) 1A A% U=E v PFS A
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Table 2. Information of stepwise covariate analysis

Pharmacokinetic model

Parameter

Tested continuous covariate

Tested categorical covariate

V/F AGE, HT, WT, SCR, AST, ALT
AGE, HT, WT, SCR, AST, ALT

Vmax

OXY, SEX, WATER
OXY, SEX, WATER

Pharmacodynamic model

Parameter

Tested continuous covariate
Ey AGE, HT, WT, SCR, AST, ALT

Tested categorical covariate
OXY, SEX, WATER

For continuous covariates, 5 relations are tested. 1: none, 2: linear, 3:hockey-stick, 4: exponential, 5: power

For categorical covariates, 2 relations are tested. 1: none, 2: linear

AGE: age, HT: height, WT: weight, SCR: serum creatinine, AST: aspartate aminotransferase, ALT: alanine aminotransferase, OXY: oxygen concen-

fration in alcohol, SEX: sex, WATER: oxygen concentration in water.

om, kS o83k HES} (normalization)dt 743 A}

2 IIH(Model evaluation)

2R FEFH AETY RS S| 7531
o] PriE flele] HF ofeEH B Y HF oY B
off ¥ 7347 =¥ (internal validation method)?] bootstrap &
visual predictive check (VPC)E =343}3it}t. Bootstrap
original dataset® ZHE FHIMEFES F3lo A2
datasets A3 & HF S A S(fitting) 3t FPEE
Tohe ZgS WHESte] Edlo] robustnessE ER1skH= o]
oh10 2 wdlo] Bl 95l HEFE 2l Y oFEEE 1
gl Zhztol] thete] FAIWHE S-S5 B3k 100079 datasets
Y2331 bootstrape- 57343} TH VPCE= final model2H-E] v
EHOZ simulations 7 5 o|Sgke] EEoF A5k £
XE vwshs #Holn F38l= simulation ¥HE 3l4E=

10003 2 3} k1)

»

s

g+ 2t

clole ¥ elpsts Y

A s8] ZdS 157 913 datasets 187 2] A}
EHE 22 T 4AE R e 8230, 57] ke
M= 50670 oI Ak A FAFe] Q1784 YR = Table 39
ERISlem, 7] F]tgk2 Table 40 YERN QAT

ZE A= SE/AHESEH ZE
OFE-5E]= first-order absorption and one-
compartment with Michaelis-menten (MM) kinetics model= 7}
72 A = A Fig. 1).

SCM S B3l FR=F 13 A, vo|, AlF, 7], AST,
ALT, SCR, AFA5o], JAafois} 25 deinH

Table 3. Demographic characteristics of 18 subjects
Subject Characteristics Value1S.D. (Median)
SEX Male 15 / Female 3

Age (yr) 25.83+4.19 (25.5)
Weight (kg) 66.94+8.55 (69)
Height (cm) 173.33£7.71 (176.5)
SCR (mg/dL) 0.85£0.13 (0.865)

AST (1U/L) 24.61+4.53 (24.5)

ALT (lu/L) 20.33+8.40 (17)

SCR: Serum creatinine, AST: aspartate aminotransferase, ALT: alanine
aminotransferase

Table 4. Baseline blood pressure before alcohol administration

ValuetSD (Median)

135.13+16.0 (132.5)
80.4+12.3 (80)
75.5+14.2 (73)

Blood pressure

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Pulse (beats per minutes)

-~
N

\
Effect
compart |
ment /
’

Fig. 1. Alcohol PK/PD model scheme. k,: absorption rate con-
stant, V/F: apparent volume of distribution, Vo maximum
velocity, Ki,: Michaelis constant, C,: plasma concentration, ke
delay parameter, EO: baseline value of systolic blood pressure,
Imax: Maximum inhibitory blood pressure, IC55: Concentration at
50% of maximum inhibitory effect, C.: Concentration of effect
compartment.
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Table 5. Parameters and bootstrap results of final pharmacokinetic model

Model parameter Base model (RSE%) [Shrinkage%]

Final model (RSE%) [Shrinkage%]

Bootstrap median (95% CIl)

OFV -2432.360
Fixed effects
Kq (hr?) 8.17 (22.3%)
V/F (L) 70.9 (3.9%)
Vimax (g/hr) 8.99 (6.2%)
Km (g/L) 0.026 (125.8%)
Covariate influence
V/F - WT _

Vmax — Female -
Random effects
Interindividual variability
o? - V/IF 28.63% (20.1%) [2.3%)
©F — Vi 16.36% (30%) [4.1%)]
Residual error

o2_proportional 0.177 (3.9%)

-2477.214

8.1 (23.1%) 7.79 (5.71, 12.12)
73.7 (3.6%) 73.66 (69.61, 78.01)
9.65 (7.3%) 9.79 (8.96, 11.55)

0.0409 (104.4%) 0.047 (0.004, 0.156)4

0.0167 (12.2%)
-0.235 (12.2%)

0.0168 (0.0132, 0.0201)
-0.240 (-0.282, -0.18¢)

22.60% (20.9%) [2.9%]
10.80% (46.5%) [9.6%]

22.41% (18.32%, 23.32%)
10.47% (6.89%, 15.42%)

0.179 (4%) 0.179 (0.167, 0.191)

B19) BAIE AE - VIE A -V, 01200 stetle o] 2
A2} olgfe} 2kt Base model 2 HEF 2de] uljulg
ZA3}Z Table 500 VFERATH

o) BAIE BQ1a)R Az} fejatchn BEE T} vejn)
[e]

V/F =737 (1+0.0167 x (WT—69)) (10)

Vipax = 8.99( x0.765, if female) an

=58 wele] goodness of fit plotS Fig. 20 YERHATH
Population predictions vs observations plot 2T} individual
prediction vs observation2] plot®] unity lineoll £ <43l A=
RS TR 4= oM, ol FRF B AIAE 1o =2H
20 AY3} o =o] 7Fsal W AL o]n gk} Diagnostic plotsol]
S GSh= [IWRES| vs individual predictions plot 23} T F-5-2]
Zro] 2 ¢Ko)| A8} conditional weighted residuals vs TIME
plot®] F&= 2 ~ 2 Afolol] EF3}aL Jlom, 008 FHsh= ¢
’$& Holal Qlof H-sirtar 7kttt

2 H7FE 913 bootstrap A= Table 59 YER L™,
o) w2 VPC A3 Fig. 30 YAt

d3Eo] F ol WE ot Aot aHE dsh] fst
o] biophase model with inhibitory E,, modets- 2-&3}51ch.'®)
2R3 vl A9 44F K, Maximum inhibition effect®]
I,ax CONcentration at 50% inhibitory effect?l 1Cs,, =718
o] Z2713Q1 Ej o] 4= A= Table 60 YER AT

SCM S Ball oF=Ed vlerlEl) I FHele]
HAE FRlelE 2 7] +57] €945 97 o= E, o2t
t|Ejo]] AF3 serum creatinine®] FJ3F FIS F= AS

o

o

Observations
Observations

T T
05 1.0 15 05 1.0 15

Population predictions Individual predictions

Conditional weighted residuals

Individual predictions Time

Fig. 2. Goodness-of-fit plot of Final PK model. Upper left panel:
Population prediction vs observation, Upper right panel: indi-
vidual prediction vs observation, Lower left panel: individual
prediction vs absolute value of individual weighted residual,
Lower right panel: Time vs Conditional weighted residuals.

SFelsiglom 4 ofefst ke,

Ey(baseline SBP) = 138 x (1—0.336 x (SCR —0.87))

(12)
% (1+0.0053 x (WT - 69))

o5 wdlo] goodness-of-fit plotS Fig. 40 YERN AT}
H% JE%H] 2dlo] goodness-of-fitd} FIEIIAE FH217E
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SEX==1

257 r

Observations

Time

20 Dl r

Observations

Time

Fig. 3. Visual predictive check of Final pharmacokinetic model. SEX=1 means male results and SEX=2 means female results. 1000
simulation was performed. Red solid line, break line means median and 5% 5% percentile of observation data and Red and blue
area means 90% confidence interval of median, 5% 95% percentile of prediction.

zto] Bl FHS
s 5 5 e &
a1 g7k
Model evaluation $J3} bootstrap =38 A3}, z} e} E| 9]
population estimates 3t3} bootstrap median #ko] & x}o] & H.o|
A| ¢9ko ™ confidence interval 77+ Wol] 2+ ¥ 3hES- Eels}
o}, w3l VPC 53 A 2do)] ¢]3F simulation?] 9Fo] T
=3k A dehs AL 81 4= IATHTable 6, Fig. 5).

A7 Wl o Sgko] BEHS A
o)X, diagnostic plot 23} Fd35}c}

nEYze

2o) o] B SREHo] HAE

B A7 vt g

Aol thaje] A7) ekl % 1899) ANAE 2]
B o] 8 ppme] Pk 279} S A Fo] 8 ppmel B,

[SRRENE A [SRRENE BAS
B4 TO] 25 ppm?] AT} AR TO] 8 ppmel &, L
2|31 §-F4kA o] 25 ppm‘?l AT} 84 F0] 50 ppm?l
5SS 5o & 3% EF 432E 55 AT oEFH|eF
=59 RdES Fote] A5k

FE5E] Y2 one-compartment model with first-order
absorption and MM elimination kinetics2- A8-3}$3tF ¢=-2-9]
GEEEE AWEly] 93t ZdEXR  one-compartment with
zero-order elimination kinetics, one-compartment with Michaelis-

)

Menten elimination kinetics, two-compartment with Michaelis-
Menten elimination kinetics 5©] ¥ 1% v} QJrp.81920 B o7

Table 6. Parameters and bootstrap results of final pharmacodynamic model

Model parameter Base model (RSE%) [shrinkage%)]

Final model (RSE%) Boofstrap median 95% CI)

OFV 3037.600
Fixed effects
Keo (hr) 0.23 (40.4%)
Imax (MmHg) 449 (32.1%)
ICs0 (9/1) 0.693 (72.4%)
E; (mmHg) 138 (1.4%)
Covariate influence
E, - WT -
E, - SCR -

Random effects
Interindividual variability
o’ - E, 20.71% (23.2%) [5.5%]
Residual error

o>_additional 10.3 (4.7%)

3023.132
0.201 (55.7%) 0.22 (0.04, 0.37)
39.2 (30.1%) 43.5 (29.1, 124.6)
0.502 (86.5%) 0.630 (0.100, 3.230)

138 (1.4%) 138 (135, 142)

0.00519 (0.00341, 0.00716)
-0.338 (-0.483, -0.188)

0.00535 (20.6%)
-0.336 (25.7%)

5.57% (22.9%) [7.5%] 5.35% (4.23%, 6.34%)

10.3 (4.7%) 10.3 (9.5, 11.1)




264 / Korean J Clin Pharm, Vol. 27, No. 4, 2017

Basic goodness-of-fit plots (Run 101)

I I I 1 L 1 1 1
180

180 |
160 — 160

140 140 1

Observations
Observations

120 4 o \[§

T
120 130 140 150 160
Individual predictions

T
110 120 130 140 100 110

Population predictions

Conditional weighted residuals

100 110 120 150 160 0 2 4 6

130 140
Individual predictions Time

Fig. 4. Goodness-of-fit plot of Final pharmacodynamic model.
Upper left panel: Population prediction vs observation, Upper
right panel: individual prediction vs observation, Lower left
panel: individual prediction vs absolute value of individual
weighted residual, Lower right panel: Time vs Conditional
weighted residuals.

oA 714 Qkalolel LA Slom, dmgel i) ke
¥3} S 283 22l one-compartment with Michaelis-
Menten elimination kineticsS A}F83}3TE XE3H  zero-order
elimination Kkinetics, first-order elimination kinetics, MM
elimination kinetics= 283} v ws}e] B Ay} OFV (Objective
function valuey’} 212} -1390.867, -1445.529, -1445.607= t|o]E]
of AP wH F Due Ulel B4 T AYsHE MM
elimination kineticsZ- -85} t}.

B rds Eale] 13V, K gk 247} 8.99 g/hr, 0.026 g/
L ©]3lt}. Norberg 59 A7ellx 16%89] A=}l 0.4 g/kg
ethanots- IVE Fogk 3 Z4% A3 V= oF 5.7 g/r ©]3]
o1 K2 9F0.027 g/L ©] Jt}2) Mumenthaler 0] B 1.3k
Troll wh=w 27 He] Wil o AdollA] 0.67 g/kg -8-2] ethanokS-
Wl & BAE A} v, = oF 435 g/hr, K7 0.096 g/L ©|)
o9 webs B AP A AEE vV, 9 K, e 8 Vs
Hlbei=a

A% oFeEE R ERIE very - SRk 34
£ V.« — Gender @ V/F — WT ©]it}. oJAde] 79 ol
H13}e] Vi, 7h oF 23.5% 748 AL B8 5 g0, of
of wet AF AeA de] FLIE FE7 0.03%]5}
2 golxj=d] 2= Alte] v Aok (343 1t 353 & vs

Visual Predictive Check
Observations vs. Time (Run 101)

180

Observations

100 -

Fig. 5. Visual predictive check of final pharmacodynamics
model. 1000 simulation was performed. Red solid line, break line
means median and 5% 95% percentile of observation data and
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