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Pharmacokinetics and Pharmacodynamics of Antibiotics :

General Concepts and Recent Advances

Dong-Gun Lee, M.D., Ph.D.! and Hyun-Ho Shin, M.S.?

Division of Infectious Diseases', Department of Internal Medicine, Department of Biomedical Science®

College of Medicine, The Catholic University of Korea, Seoul, Korea

Pharmacokinetics (PK) of antibiotics can be considered as the absorption, distribution, and
elimination of drug. Pharmacodynamics (PD) is the relationship between concentration of drug and
the antimicrobial effect. Time course of antibiotic activity is a reflection of the interrelationship
between PK and PD. Over the past decades, considerable data have been derived from in vitro, in
vivo models and infected patients. The time course activity characteristics of concentration effect,
and postantibiotic effects, determine the typical patterns of antibiotic activity according to the PD
classification. Furthermore, the pattern of antibiotic activity over time is an important determinant
of optimal dosage regimens. This review will focus on general concepts and the applications of

PK/PD to antibiotic therapy.
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PAEE Al@ 3ol A et QAW A ] xfol7}
F- MICoFel (sub-MIC) & %&ol| w2 F-7pzh-g-of
WEp7b gl S wf Ak 2y AlgEe] Ad
PAEZ} glthal A AAY PAEZIFS <53
(15). AFELTol penicillin® cephalosporin®l =%
w) Al@gflol A PAEZF QA AA ol A #zhE] %
=of TS 71 FoJbd 32 dHER o2 gminoglycoside
o] PAE7F #&st7Av AlekAlE Aldag Add37E A
Al Well M= 2Rl A ek, 16, 17).
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2) Postantibiotic effect-subMIC effect (PAE-SME)
MIC ©]&}2] sxol A adAlE= Al A4S =4 st

Fejehy wslE doy|H PAES AGAIZITH JA Alg

ol xRt Aol A2l PAE-SMEZ} & ZAth4, 12).

3) Postantibiotic leukocyte effect(PALE)

FatAle] wEH F M-S M A FE Aol A
Z-go o Wzkslr] wiito] PAEZF o ZojRt)h dubky
2 377 ded aFSAdarol didk aminoglycoside
fluoroquinolone <] PAE7} w2 dojzir}, ey a1
+7to]l p-lactamoll =FEHAUE A5 NPT EAFF
HAGLe] PAE7F ZojA A FETH(A, 12).
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o &% R4S AAst=t o] "k A<
TR dvkyg oz A2 (interstitial compartment) <}

A EWTE (intracellular compartment)® T+&8 4= d
FgAe] EAol wpet 1 E¥x7) o] trEd dF 9
B-lactamAl FAA = FAFH| AFEE EAsta
N EHY T vsmaiA I Alzy dols w=7F

Fluoroquinolone?] 4% 1+dy 2 I F=7} ”X]‘L
AZW FEE =) 2 9o Aol 540 webs BE}
gdEtA =) o] e 23 o
o] Alyr& AEelo] EAs] wlE
A 27t AE YEhlE SRXER AL ojof &
r/}(18) AF7HA = 22 27 A (tissue homogenate) H-Th
U F=7 o 2 A RE ol &5 e, 22

Tde 7 Az, 2 T8 (compartment)©] A7

Aol ol @AATL AEUe] FAH = Ao wel b
A sENT ARt FE AoEzt 5 o) @l

HAckd (Y g -1-acid glycoprotein, lipo-
protein %) 2FFH} FE8E T srolvh ey
Aol Ade Altdd AEste] FurEd dA de AL
e E Foltt W AFA B4 Aol tigk MICSH A
A &3 98 A wEet A-AA #do]
thal & A ATk, 2,18)

TEI A Afol9] oFF SR Aol F shube A B E
A& FAA AA L] | kA w7 #rks 3ol
th, dwbH oz Apghe] IAA wEIE §HED} 6-9vl
===

tH(Fig. 1, Table 1).
AA| 2 aminoglycoside, fluoroquinolone, ketolide, dapto-
mycin 50] ole] @tk ;EEelA o w3 PHH s

YRR e 14 FolFgomn Hitd A

Co

Cmax/MIC

MIC
T>MIC

'min

Concentration of antibiotics

Time

Fig. 1. Schematic presentation of pharmacokinetic/pharmaco-
dynamic indices in antibiotics: Cmax, peak concentration; Cmin,
trough concentration; MIC, minimum inhibitory concentration;
AUC, area under the curve; T>MIC, time above the MIC.
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Table 1. Classification of Antibiotics Based on Pharmacodynamics

Pattern of activity

Antibiotics

Goal of therapy and PK/PD parameter

correlating with efficacy

Concentration dependent killing and moderate—
to—prolonged persistent effects

Time dependent kiling and minimal or no per-
sistent effects

Time dependent killing and moderate-to—prolonged
persistent effects

Aminoglycoside, Fluoroguinolone, Dap-
tomycin, Ketolide, Metronidazole

Penicillin, Cephalosporin, Carbapenem,
Monobactam

Macrolide, Clindamycin, Streptogramin,
Glycopeptide, Oxazolidinone

Maximize concentrations;
24hr ACU/ MIC & peak/MIC

Maximize duration of exposure;
T>MIC

Maximize amount of drug;
24hr AUC/MIC

10 T T .
2 9l o 1 o 1 4
ﬁ . o O o 0O
< | O o Jo o T 1
i .|6-006 8006 | 68 _
2 'O o
ol %eeel “oesl &,
2 sf 081 °o8] :
2 ap 698981 o 1 88306
S s} o1l o |

10 100 1000 1 10 100 1000 0 25 50 75 100

24-Hr AUC/MIC Peak/MIC Time Above MIC

Fig. 2. Relationship between three pharmacokinetic/pharmacodynamic indices
(peak/MIC, 24-hour AUC/MIC, percentage of time that serum levels exceed the
MIC) and the number of Klebsiella pneumoniae ATCC 43816 in the lungs of
neutropenic mice after 24-hour of therapy with ceftazidime.

st 4= gl ZHE o5 5 de e/t A% & vashe A9 oy Fotae A AFEHA &
= peak/MIC, AUC/MICe|t}, FHAE AlZFo]Edo)x k. ey Sl A Age 3714 A E7F FAAA e 23
PAE7}F A9 §iAY F5%E FAAo|aL B -lactame] E of AT Telo] ks AL 4 U FERARY
ettt A B E7F U djA] A E o] EolR = Ao S o83t % HuFE, AUC, T>MIC 55 334
olyx AU =E717HE =doz2H aiE Hugt & 5 A ow A xrb gt 7hg wee] A AT 7S
9o} MICo1 S FA18k= AIZHT>MIC)°] A %2 A& % FTH18).
o}, mpxj o 2 AJze]EAd o] WA PAEYE X1 &4 A7t FolFds 2 3lal 4-6719] A E o2 FojztA o s
azithromycin, tetracycyline, glycopeptide, clindamycin, YA S Tl (dose fractionation study) @2 Fo
glycyleycline 5©] &3t} AW =2 oA 5=7F A e -gYgdes B dAAe g5 d5T ¢ e M
S SUHATIAE AR FY 2 TR AT ANEE F& A ®IF ojd AR FA A} Fig. 28 EF7dA
LA;Fe AT = = EAo] o FAAY §FES = A AF dE RN Klebsiella pneumoniae®l ™3l ce-
o|&=Al i area under the serum concentration curve ftazidime®] AW EHE 5T F U= /M T2 AR
(AUC)MIC7} A =2 AH&® -4, 8, 17, 20-27). = T>MICYH S HERITH(1T, 18).
St ZHHAE okEst/okost X|E or=st/ofeist X|E X U M=

AEA 0w 27] A AMEE = FAAA 9 &2 APl M= FAA Y LS Aoy HX
AT MICE H+= EHw=d 7IE3A Halxa F AN FERAS o] &3 A= X5l A §F
A4 A AAL wek s A Ro] Al T2 o /ekdE A x FRE vaA GA S 9
o F7HAQ AT E AFE Z2 AsEdA e & o} &S 243 Hill equationd ©]&3 H|AE 3]

PK/PD of Artibictics  Vol.40, No.3, 2008 143



# (non-linear regression)= ©|-&3] JH#AAE 21
dTS XA MIC7H A= T2 oy #55 dido=
Agd] XFe FXE ZH=t(static dose, 1-log kill 2
2-log kill dose) (1R).

A& £ f-lactam A=
71 $EA T>MIC7E 100%2 Zes gl @ sert
MICo| /& A gt Al7to] Al FolzhA <] 3
W AR 7428 (bacteriostatic effect) & ),
A ATt PenicillingihAd 2 Ui dAl@dTS didos
g ATl A dHF=rF MICe S A8k A
A 20%0 51 A APTES 100%0 7HEAIRE 40-
50%5 dom AEES 90-100%°] THFEUHE, 23, 28).

Fluoroquinolone?] =3}

>

a
o
m
2,

= = %53 Ee
24713 AUC/MICSIHl th-#9] sEd ol g2

ol *F’J% 1 50%E %
0oll 7}7k-g-Hl, o= 24X 7t &
& g Zlem A7 = i XMIC) X 24417H=96]
(17,21, 25).
yro AA| 9] ofF3l/e

phalosporin > penicillin > carbapenem®] <=°]2}1
[e]

ATh I o]+ carbapenem®] AiE & A&t 7
2 wpE7) wEelth(23). 22 R/ A WM = 35
g/oF st A A A= e A9t ded FeEd &
AA =2 Al Axbgtbd T ztolE A §la, B-
lactam, fluoroquinolone, macrolide, tetracycline 5 °l4 8%
A4 or) uleba] Gl Az o] oFEdl/orddEl X% X

2 W = F2 24 9] shelth(ig 21,23). &

ol webA Fx7F Wyl E vl B -lactam® T>
MIC 4= I Adgdidoly AFEgToA B} 25
W 4 greu A PAEZF E=gwrell vk 317 wlii
A UTH3). ¥-EF TR AHELANA fluo-

r&

10 mf

roquinolones & & Bt} H Fulbd ol A 2447 AUC/
MIC7F 3-49) o Soh(18). o8] WA 71d e mehA = oF

a/orel st A 423 = ulaL AR Ak LA

Ak T3 7L J= AN WA5H ST A
EE s nw dnrH o A WolsoA o sl/of
et A% FA7F ¥ btk 22y fluoroquinolone®] 7 -
HH G2 A W solA FA7F o SR F e o
A= 2 Aol 7k ol Fadh= el AUvk17,18). Ank
Hom Mz v Fauadal s ofEdl/oks A%
FA= ek A Rt HH 2 dejolh. AU FAA §=Tt
ol epithelial lining fluid (ELF)7} &35 H7lsh= F2
A 3gol7] wolgkal deA 3l “H%O]D} & Eof

FH7F AolA HE R dut) g
mdor 1 g3t Fopxtl WHH macrolide ELFE 2]
Tt ol @R o)A anrt 9 Eoh29). 7] HEE
E7b =ow gAY gt fadhe @4 FEad
(inoculum effect)” 2t dh=tl] o= HE FAYA < BE A
ol A e @42 obY I vancomycin S E =
o] AN FEHAA HERGTHI0).

vancomycin< ELFU

FAA oFEst/eke st Jidol 23%511 B 3}““1 i)

1L A=ZE 5981

RdoA Jaads vehlr] @
A

B -lactam= T>MIC7} A55 A5 837} 2 A7
E4 g Ao AT TS = FroEgH 23
4 3 Fof7| 3t MIC

0
=

=
MIC7} 30*40%°]ﬁ oA, 60*70%01 ol Ao At

zZhgo] yehttl L3k S pneumoniaed HAE FEEE
oA B-lactam® BT T APEES H WS =l A

T>MIC7}F 20%°]5Ha AFEE-S A2l 1002692 40-5026°]
2Fol™ 90-100%7}F “owv} gurdg o= T>MICZF 40%

£ dow Ay whdgo] 85-100%°1th BT RAS 5
Exdo A PAE7F 918 %< T>MIC7F 90-100%°] ]
oF 3}l PAE7F 1S %9 50-60%4 =2t= &2} gt
T Huk rh4, 8 31-33). e AuEtd, 5 2ol
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