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Pharmacokinetics

The Dynamics of Drug Absorption
Distribution
metabolism
Elimination
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Transfer of Drugs Across Membranes

EXTRACELLULAR

simple diffusion carrier-mediated transport
filtration » -

@active transport

¥ Cell Membranes

INTRACELLULAR ®

Fig. 2-3 Manners of drugs transport across membrance
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(—) JEid (filtration, aqueous diffusion) , passive transport

SIF N ] L Sy L - s = N “ - =/
IKIATE/INT YR RE R KRR, AR EEGEEE R N0

1. XS MRS (RS , 7LiE4~8A (=101m) , £
INGFIKBHEMR (59F8<100-150D) @i
water. urea. Lit

2. EMMERNFFLIELY40AL £, 9FE20-30kDEAET,
ENREMMEANR, BREERN, MEHERY R

most of drugs
3L N 2H 2R E A0 I B FR M

_— M A

endothelia cell

40A




(=) fEial& (simple diffusion, lipid diffusion)

passive transport

- % ) 3¢ A HEL 7 378 3

1. 225 RE S5A4YEAE (Lipid solubility) FIELL:
3. BimRE SIREZEMIE L ;
4. ZFHIZRESHMEEE (pK) BX.

AR WAYUE R AN BT EYE

Most drugs are weak acids or bases that are present in solution as
both the nonionized and ionized species.

The nonionized molecules are usually lipid-soluble and can diffuse
across the cell membrane. In contrast, the ionized molecules are
usually unable to penetrate the lipid membrane because

of their low lipid solubility.

The pK, is the pH at which half of the drug (weak electrolyte) is in its
ionized form.



g [%25 (Acidic drug):
(FEEEE, 12 HA Ht + A- (BFED

i %24 (Alkaline drug):
Ht + B (92 F2) = BH* (BFA, MEi)

EFPFE (ion trapping)
DTFIRES RS, ik, B3THE, ZBHER

’

ETRE WES, FK AEThE 584

’

aFi#k%, BERENGES
o, B RR 2D
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HFp AR EAY D FHEE % D

Handerson-Hasselbalch 23t

55BR [ 25

HA S H* + A

K, - [ H" ] [ A ]
[HA]
-lgka =—-lg[H]-Ig L A
[HA]
-lg[H+]=pH, -lgKa=pK3
[ A ]
Ka = —
pPAa pH lg ")
i [ A ]
1QpH-PAa = AT
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H* + B = BH*
[ H ] [B]
[BH*]

a—

-lgk a=-lg[H]-Ig LB]

[BH*]
-lg[H+]=pH, -lgka=pXa

[BH]




C,H,0,COOH = C,H,0,CO0- + H*

Neutral Aspirin Proton
aspirin anion
(1] (1000} 1001

" T Total
H — A+ H+ [HA]oia[A']
Wi oclall | s b SO

Lipid Mucosal Barrier

(1] [0.001] 1.001
HA == A"+ H™

Weak Acid HA —- A H+ pK,=4.4
nonionized ionized

[A]
[HA]
= 1074-44

=10’

10PH-PA; =

[A]

10PH-PK, =

[HA]

= QL4 44
=10

Fig. 2-4 Influence of pH on the distribution of a weak acid (aspirin) between

plasma and gastric juice, separated by a lipid barrer.



* (=) #fKk%tiE (carrier-mediated transport)

P-glycoprotein or multidrug-resistance type 1 (MDR1)

1. Ezh4%i= (active transport)
EIREMRE NS R EAREE, W 5-BKEIE. FEXZE. MEIBHRE
F R
WIREEE, Fae

1SN GEEM)

pRakiik:

=54
2. 13y 8 (facilitated diffusion) passive transport
Vitamin B12. BREMEK . Glucose, Iron
5 E i A [E:
A FERE
N 2K 5 456 /2
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1. Permeation
aqueous diffusion, lipid diffusion, special carriers, endocytosis and
exocytosis (vitamine B12 and iron)

2. Fick's law
The passive flux of molecules down a concentration gradient

Flux (molecules per unit time)
Area x Permeability coefficient

=(C,-C) X .
Thickness
Flux: BiEE, Cl1—C2: BEAMAMIKEZE, Permeability coefficent: i#iE FRE

B dMEREERSIRMMBAYIREE. KER. 595
FHBERYNARKREEFRRZFT X

3. Weak Electrolytes and Influence of pH.
4, fiiyiH (blood flow)



,L e ol L) Ly NS BO g &

— . IR Ysz(Absorption)
definition: M B ZEMLH N MR TEIA AT FE
ENEECE S e EX SRl U EET=E
(—) MOBR%%5 (Oral ingestion, PO = per os)
B F ARAIRE
IR UL ER L E B e/ NS
(EEAtEc, SHEWMWERK
EHAMEEFLEXR, MRFEE
pH5-8, X Z5¥#E S =20/ )y




villus

B 8 A58 IR

WHE KD (m2)

. O 0.5-1.0
HE% 0.02

. 5 0.1-0.2

/J\% 100 i : : |

X% 0.04-0.07 ——— e I A,

venule

-

Small

intestine /J\ lacteal

blood
capillaries

goblet
cell

Section of intestinal wall

lymphatic
vessel

INBAEE B

Villi

Controlled-Release Preparations (3=#&F))



gastrointestinal tract
factors affecting absorptlon

A

stomach Acid




B i3 e B&(first pass elimination, first pass

effect)

MNEERII NSRBI ER A 5B mI LB
BTRE, 7ZERFBRRISEZ SR THIEE X, [FiEANE S
MEARAEINA=R LD, XHIERREEERR
RYBA i — & T2

&% gefirst pass effect

iAs - YRR
LB HRMER




* (Z) A (inhalation)

SEMERMLY (2R EEAANME, RYRE
fiaRmEMR A (100-200m2)
17t £ X (A E40 I ETHEFR80 m2 )
T BEEZIRA

(=) FHEBR%
skin, eye, nose, throat. vagina
rectal administration

R&BEH
FEBEMAY BT RAREANIA (FEEM TR fRERH D
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) E 2575 ( Sublingual Administration )

(R FET4R%,
gk EST 4575 (Intravenous, i. v.): EIEBZAYEANML

1.
B

2.0LA £t (Intramuscular, i. m): #EEh80+ 35, W
IR £ EMMEEEFLER40R, XS KRN IES

=l

3. ;%8 (subcutaneous, S.C)

4, fER=;¥ 8t ( intraperitoneal , I.P)
M= RN %475 (i ntracerebroventricular, icv )



Drug concentration in blood (c)

salkiE T

R,

The relationship between drugs concentration in blood and
some characteristics of common routes of drugs administration




— . %% (Distribution)
299 ML EIR B A AFZ A EPALFNLH LA BT IR

+

Factors modulating drug distribution:

HYIRIBE A
(HeNi@iE Y
it H=Ff1T0HE
EHMEBRIEMS




= H 45 & (plasma protein binding)

D+P DP(drug—protein complex)
[DP] O]
[P+] Kp +[D]

A %% (reversible equilibrium) , & 25D, PFIKpE %
Al {EF0M4E (saturable)

DPA~ e 18 1 4H R AR
4R MFIES 1 (nonspecific and competitive)



(Z) RBEMR=E

Ay —

B5H% (redistribution) BELHEZH
Fat as a reservoir

(=) ¢HZAZHpaLE & (tissue/cell binding)

) 5EA MRS FEF D

(M) ZAYpKFiEER pH
B Ltk ZEXAY P EREKIEIE 2 — —PO BRES =50

Ft& M&RpHE R E 254 R AR A ) ZA AR S A%



() KRNEFRE
* 1. IBxEFE (blood—brain barrier, BBB)

Central Nervous System (CNS)

KT k¥t B drugsNRSE
QGRS B A A LU B i B T B

Bfr¥iz P-glycoprotein, EI& 1%
RAERS, EEME 1 KFEFEZE

blood—cerebrospinal fluid (CSF) barrier

2. BB R (placental barrier)
X % E 28 geE N BRIL
&1 B3 B
NeFAARM CansEdk) AP LhEe
2 A —mBR S AR ) LE

e [MEREPE (blood—eye barrier)
fEBats. o+, EEMER



=. fRif ( Metabolism)
* HFH¥14%1r. (Biotransformation) :#H{K{EM AL W F LIRS

(=) AYRIFBIER

1. RiFRAMERANBERINERIRZ
—— more polar, inactive metabolites that are readily excreted
from the body.

2. RiFtRAEIERMEM

metabolites with potent biological activity or toxicity are generated.

(Z) BPAL: =& (liver)
Other organs : gastrointestinal tract, kidneys, skin and lung

RGBT ARMN. Z&hifk. EER%. ZRMNEREREL

most drug metabolizing activity : the endoplasmic reticulum, the cytosol,
although drug biotransformations also can occur in the mitochondria, nuclear
envelope and plasma membrane.



(=) MR TIE

oxidation/reduction/ hydrolysis

1 Phase I reactions inactive metabolites
LA [ p% enhancement or decrease of activity

glucuronic acid/ sulfate

lutathione/amino acids
?acetate

2. Phase II conjugation inactive polar conjugates—— excretion

ITH% & RN

acetylation

7R Cisoniazid) ————AF & (hepatotoxicity)
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‘A ZPAS0OB S LEE R

Phase |
CYP1B1
CYP2A6* CYP1A1/2

CYP2B6 Others
: Esterases

CYP2D6*

CYP2E1 Epoxide —

hydrolase
CYP3A4/5  ppype

Phase Il

TPMT*

UGTs"

Figure 1-3. The proportion of drugs metabolized by the major phase I and phase II enZymes.

The relative size of each pie section indicates the estimated percentage of phase 1 (left panel) or
phase Il (right panel) metabolism that each enzyme contributes to the metabolism of drugs based on
literature reports. Enzymes that have functional allelic variants are indicated by an asterisk. In many
cases, more than one enzyme is involved in a particular drug’s metabolism: CYP, cytochrome P450;
DPYD, dihydropyrimidine dehydrogenase: GST, glutathione S-transferases; NAT, N-acetyltransferases;
ST. sulfotransferases: TPMT, thiopurine methyltransferase; UGT, UDP-glucuronosyltransferases.
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) MR =P BFELEE R

Cytochrome P,;, Monooxygenase System

MAA =Py (CYPyso) N —RWELIMZL 2 — Mgz (heme-
thiolate proteins) HIHEZ %, Z 5 WD IINZ3Y). HEilk&
W) AN PE A T R A

endogenous, drugs, environmental chemicals and other xenobiotics

the approximately 1000 CYP,s5,
50 CYP,5, are functionally active in human beings
17 families and many subfamilies

£ 2FE T &R RFRAL R A



* F) AKGIEERY IS S A0 H)

induction and inhibition of drug metabolism

1. Induction: FEHYRERARE, AISBAMEMHES, MEBAY
{IETAR, Z541E A FE 1 R M 18 sm el 55
#@IE (rifampicin) . Z&¢ (ethanol) . ¥5 P (carbamazepine)

FIREFEZRCYP2C19iET, {RiHFEIFZHZN B



+

BEEE
B ttZE (penobarbital). ZZ & (phenytoin). &RAK#:
(phenylbetazone)—Tit & 14

2. Inhibition: REAYIRERAR, 7 SEZANERERE
55, MESEZAMRERE, AYIERMESERIIEE.

Tk T ——CYP2C19
S AE——CYP2C19
1% E—— CYP3A4
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0., HEM (excretion)

Drugs are eliminated from the body either unchanged by
the process of excretion or converted to metabolites.

G RBESER GBS HE R ES o B H L AR I

(—) BAEHE
kidney is the most important organ for excretion



glomerular filtration rate| glomerular filtration Distal |passive tubular

plasma protein binding

tubule |reabsorption

active tubular secretionfp, o imal
passive tubular reabsorption ftubule

1. B/eiEd
ARG ERGY)
2. BINEDH

ZFEoW (AREF—FEFEER. MN2KFER)

3. B/IEEWRIL )
RIBEDR ., BBBMHAY, IKEZZERI

PRGERTEIE S, WIEAYIMEIERIEM, ERBOERD
B& 14 244 ) 22 AR A 1 A
fE R K254 + IRER S5
PREIEIEIE S, BRIEAYIMEIERIEM, ERBORD
AR 2549 ) SR R I AN

renal function——excretion——drug ZF2
a slow decline in renal function (1% per year)

Collecting
tubule

Ascending
limb of loop
of Henle

Loop of Henle



PR pBAE X 2t i 52 0

, FEHZ([ERIES] 3) AN [SSBIEZ] ()
- A 14 2 K
40| ‘ 7 | —— MR
A ﬁ&ﬁ £ ~
fé pH 7.8-8.0 ¢ L VEEES)
2 3| S s PR
(ml/min) o!_fj
20| i 4 I
VA
10| pf‘:g pH<7 -
; 7 /
0o 2 4 6 8

HPK (ml/min)
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BE;HFNZE(@EHEM (Biliary and Fecal Excretion)

biliary excretion

/Bile duct

BARF IR } Gut

Hepatoenteral v

circulation =0
Portal vein

| \ Feces
~excretion
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(=) HAh

i (lung)

Rk (skin) i sweat
BEVX (saliva)

Ft (milk)
tears&s

the nonionized
lipid-soluble form
pH.

the epithelial cells of the glands
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Compartent model

1. definition
MBIRA—RSG, N EBEETEE

AL (A, SHEREMIsEETRE TR

E=T BFERE

iR R AR R AR — B E

A

LY. HEE, MR

B ERS




2. typing

_%51‘552 (one-compartment-
open model): {2 P #5415 Bt 7 % 2R AL
=2 EE, RBRMLERKREMRES
F AR S E PR E BNk B .

—EEER (two-compartment-
open model) : ZA47E KL AR ZA4)
MR FE R I3 P B3 S LRk 181, T
H—LEEAPHIFEEE —ERRT. HIi
ITARERR 32, BIEHAF AP R
=, FREMPIAFRAPEE.

—FBEEEE: s#Em EEmEE
SBRANERRIES S

;\ o | o A-—- D




N F R C=Ae~«+Bes:

*l 3. ZEARR7

C: t BT I Z5 PR
o: SAATEEE
B: THEREREE

C=Ae- & + Be-ft

PLASMA DRUG CONCENTRATION

e: HRAXNHZ JE=2.

B BrHSMEZR Y\ B AR slope rate =-——ms-
W2 Z TG BLIEN _2.303
b AR A

718




Elimination kinetics

—. —ZERsh S (First-order elimination kinetics)
$1_LH‘IIE7I7\],|%|3€*E|’J£’J%$’311]1 RAMIIRERRIELL, 75—
B EFEN L RE EAEZ, 2REEE, FRPEE
Z{'/‘I'I"

KR4 RE B AT BR m B R (8] RS T2 1L

dC/dt = - k.C»

First-order elimination kinetics | | zero-order elimination kinetics
n=1 dC/dt = - k.C n=20 dC/dt = -k

C {RARIHERAIZA4) K, JiHFRIERE
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. EEMREIOF (zero order elimination kinetics)
IiE—EIRE, NINERENERKEIERIINSE,; BAREE
RHEAT (EEHNRZFER) , MABYEREESHAYIRET
¥, H75— Bl s 3 3 S R B A 2k

18 % AR NEFRBE A EITEFIAT R

First-order elimination Zero-order elimination

gy — THER SEAZ/N
\i/h

l
-
N
()]

i
=
-2

Plasma concentration (Cp)
|

Plasma concentration (Cp)
|




— RN % TR N %

dC/dt = -

A5 Ct=C,e et

SE/ITEE
X B

dC/dt = -k
k.C / 0

ﬁ%= Ct=- kot +C0

In Ct=InC— k_t

= ket
2.303

Ig Ct = +1gC,

2.303
t=Ig/ CtX ke

T 2.303
éCt=7 COV t=t1/2y t1/2=|92>< ke

2.303

=0.301X

t1/2 —

0.693
Ke
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£5HR
=

g

Fif (8]

100 -
50 -

&2 = 1gC,

g Kot
= 2.303

Fif (8]

El2—8 FLHMRINAFM—RERINNFIE —FTHZ
EEIBERELIRE, AERIFITEHAIRE



=. ik mz%[“%ﬁj]jj
RRESIRFIER, 1=—RNFER
SARERSTIEN, MWRFERHNHFER.
K—25#RX (Michaelis Menten)

dC V.. C

dt K +C

Vmax %kiﬁ&%ﬁ%
Kn KEREZ, 50%mXiHRRENBIGYKRE
C ZRE

Km) C, SkIZ5MEIR e H A T HIRIE, — e hE R jc e _ g
t m

Km (C, HRZMEREHTNFHImRE, TRmhemn | 4 _
dt max




Serum Phenytoin (mg/L)

30

20

- — - Z 2 (ethanol)
@_QM k#ER (salicylic acid)
{RIRE (<10mg/L): —% .
BIRE (>10mg/L): EF
A
| | |
600 800

#%% Phenytoin dosage (mg/d)



. ST ARG ZGE —EXR

— B i Zk(dose-time curve): 4AZ5F A REAT (8] A M 22 59K E T 1L .
—. —RBHNZA— R HZ T IR

e BKEST

)
S
)
0
B
B
%
2%
=

El2—9 [F)—f A% A O Ak FNER K E ST P B K65 0mg i RIZ9 RS B £
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Crax : UERE (peak concentration) , ORRGFHMIZE—RTHIZ% &R
=, BT IR Y AR TE PRk -1 .

Toa: IEIERTE ( peak time) , EF|IERERIETE (1-3h)

AUC (area under curve) : %—H#Eéﬂ%?ﬁﬁ%iﬁﬁﬁﬁ, H K/
(EfiI: ng-h/mL) .



Cp2 ALY AN S

S . SKAUC,
i _
0
e
<
o
Q
c
o)
O
o)
£
)
e
o.
o h - a 4 st
Time (1)

AUCE® = AUCh + AUC3 + AUCS + AUCH + AUC"

AUC, .: ZHMIMNEHEHiABRAME KR IAUC

A, B
AUC, .=—+

0—00
a B




Constant repeated administration of drugs

| = BRGARIRSMERAYIKE

(1) fa75IMM7z5K E (Steady-state concentration, C.)

BR—RANNFIHERNAY), EENAYEZEMEINEARLIES,
HERERRBERAE5HANEKANAEEE, FRNAHEFBIEMERT
EARZSET B ML 3R 540K fE

BEY: ZRGEHFEMAKREZGYEE

FIEFNLHE PRI, 4245 L THIANIAZIC, HY94~97%
B ZFRSRIRT B 57 £ Fok

Css F-D
54%EE (7) fIFE (D) #X Css =7
54 9#AE (F) #ERE (CL) X




Css.max
] \/ \ W
BE e ) %5 - )
ss.min
T - |
0
| | | | | | |
0 1 2 3 4 5 6 7

El2—10 AR -Ei%Z%k (Css.max, IEIRE, Css.min, BiRE



2. =P

300

0 0

0 2 4 6 0 2 4 0 8
A CEEERD

CssIKEHCradE CssIKEHC o dEm

Css.max —Css.minZ=1{E 45 /)s

Css.max —Css.minZ= g1 X

300

42T ARSI E R W
A BT B MMATHIR C. S5 R4

) 2 4 6 8
Css7KFEHCrax A ZE
MIFEIEZEICss

DAEESE—F %+
MAXERGHTE
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Important Parameters in Pharmacokinetics

N ;“ﬁ'ﬁ?\’ﬂﬁ%,ﬂﬁ (Half'“fe t1/2> 64 .
MR 2R EHBR—F FrERTIE. |

The half-life (£,) is the time it takes for the plasma .,

Concentration or the amount of drug in the body to 16 4 ----
be reduced by 50%.

| #1% = K,/2.303 |

¢
Plasma concentration (ng/ml)

IS o
. I
I [
! [
! [
| /
a---7--
! [
! [
! [
! [
1
! e
1

- ! .
1
| L]

y .

N
1
1
1
1
1
= e
1
1
1
1
1
L]
1
1
1
1
1
1
1
o H I
1
1
-’ —

HAH R N 259iH BR AR

—RIHBRBN T FIH R

0 2 4 6 8 1 12 14 16
1. t1/2 - 0693/ke 211 TSI R R R 15
t,SiRE L, HiETHE

2. ERZEIRR . T E4E H 2014 2 CssRY B (8] R 25 fa 254 89 H BR B 1)



3. #—GHIRI A FIHRIAY), ZE51M1/2, FRAYERHER.

&l E 25 755 = #0 (8] bR B (8] 45 25 sl B iR ga Bk, 223134 — 5 t1/2E K
AJ1%=Css

] (EFRE)
2-12 Zi A EFRMEREZHM X R
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RN N FEHBRHIRL,

HMREFX
t1/2 =0.5 x Co/ko

, HERIE

HME—ERE, HIRHBRENEEXEEREE.
lé%ﬁbﬁfﬂ*ﬂ; 'i{iﬂjlﬂjlép%%iff\'-

ERES




* —. jB&Z (Clearance, CL)
B E RBR AR MR ER .
E{r: L/hsiml/min

plasma CL (total body CL)
HEAX: CL=A/AUC, ..

FFETIRE



=, RUTHER
* (Volume of distribution, V)
1. EX: MMRFERANAY S mIEETEE, ARNAYRIIIRZ
MIREERRA D TERENRRER.
PRI 254 BRI SR TSR 2 b
Vd :A/CO
A KAGHME=E
Co MIRFBRANZAYIARFEE MR AYKE

—_
2l -I_%.-\.X

(1) #FEMNAGMAERA D HIFTR

Digoxin: 0.5mg, 0.78 ng/ml Vq=645L
FESHTAA (830, HiREANMR30{E) FAAERGHELER

(2) WEFEMBHAYKRE (O MENSRETE




70kgfEE,

Vo lume
(xL/70kg)
zH 20 17 000
2H 20— 250

kA H s T ik (To/butamide) 6



. 4 49%| B E ( Bioavailability,

F
* 1.) EX
E—ET2MNANEEEFMBEARNBYRIE TE,

RIZ54HEN £ FEINIERE
A
Bioavailability _T X 100 %

i.v——F=100%

PO—first pass effect

28 33 £ WA A E = AUCh gspse 25/ AUCss pss 25 < 10026

FE3H A 5 FB B = AUC gm0/ AUCss s sy X 100%
(EZ5. FEFIE., REZA D

2. %5t (bioequivalence)

MY AFERNAmM AV THENIRAELEEE
A—HFRL
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Dosage design and Optimization

MEC for
""""""""""""""" adverse response
Peak effect
Y
(@)
[ =
Onset of ()
- effect = e mm e m e m e — - Therapeutlc "5
D window e
= c
W Intensity Q
o (&)
=] c
o ()
O
P - I Y. . . | S, MEC for
: : desired response
Duration of action ——— -
Time (h)
Css-max < MTC

Css-min > MEC

Time

Figure I-6. Temporal characteristics of drug effect and rela-
tionship to the therapeutic window. minimum effective concentration (MEC)



- Z’Eﬁ% (maintenance dose)

&K% XA ZREELARERFEF T, UMERTSMLRAMKRELFTE—
MNBITRETEE. Eitt, 3:1"'%2-}]_#@2&?# 2. WAFERERR, MA:

e CL xC
LEOHFE = = >

22 751% [Z (Dosing rate): {3 B]fRATB] B4R Zh =

Dosing rate = Target C, - CL/F

= 1.5 ng -ml™’ >< 1.6,."'0.7 ml - min~" - kg~
3.43 ng-min~' - kg™’
236 ng - min~ - for a 69- kg patient

236 ng - min~ ~! % 60 min x 24 hr
340 pug = 0.34 mg/24 hr



B ﬁﬁ% (Loading dose)

BAFIEMAR, REBHETHIFNE, FRERTRER~E
Loading dose= target concentration (Cp) XVss/F

Example. “Digitalization,”

Loading dose = 1.5ng - ml™" x 580 liters/0.7
= 1243 pg~1mg

0.5-mg dose——0.25-mg dose at 6 to 8 hours later——final 0.25-mg
careful monitoring of the patient——avoid overdigitalization

=\ /I\'le-({t %:H_‘T_ (Individualizing Dosage)

f, CL, Vss, &, rates of absorption and distribution of the drug
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R

1. FASERBAZERLLE (Phenobarbital pX,=7.4, 55E&1EZS)
HhE, BRDEMERAZAIHEZEINE, FMNERAHEL?

2. ERAREER, FTIAZXRIEBERELEESH], MiL4LEZ5? hn
AFIE? REBLEHEREE? HEAZX?

3. ¥zt ,=4h, iv, RIEEYRE2.5mg/L, 4%HE, TRIMZAR
FE100mg/L, BMEMR AT 4EFF % KR8] ?



