2.1

(pKa

neomycin, netilmicin

(aminoglycosides)
75-8)

(1,2)

gentamicin, kanamycin, amikacin, tobramycin,
streptomycin 1
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|
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2.1.1.

2 hexose nucleus glycosidic  hexose nucleus
aminocyclitol 2
streptidine streptomycin -~ 2-leoxystreptamine
24

30s subunit
(irreversible)

30s subunit
(cell wall) (passive transport)
(active transport)
agueous channel porin
(outer  membrane)
periplasmic space cytoplasmic (inner) membrane

(anaerobic  condition)

(anaerobes) beta
lactams
(bacteriocidal)
initiation ~ complex (peptide
formation) RNA template

polysome monosome (nonfunctional  onosome)



(affinity)
(efflux)
(23)
2.13.
1. ) (mutation)
Escherichia col
2. )
Enterococci
3 )
(adénylation)
( phosphorylation ) ~ -NH2 group
2.14.
2141 (nephrotoxicity )
L )

lysosomal - phospholipase
dense lamellar material myeloid bodies
Necrosis
2, )

phospholipase C angiotensin Il activity

10

streptomycin

Pseudomonas

(acetylation)

(proximal tubular cells)
(5 9

(lysosomal - mechanism)

74 - 134

sphingomyelinase

Nat K+- ATPase



1

8-26 (reversible)
(hair cell
(inner cell

neomycin gentamicin, kanamycin, amikacin ~ tobramycin
streptomycin (2-4)

(glomerulus)
( alanine aminopeptidase) K+ Mg+
Cat
Creatinine  Urea

cephalosporin -~ amphotericin B 2)

Smith (6)
creatinine 3
creatinine
creatinne 1 30 . creatinine
05 [/ . creatinine
30 . creatinine
1.0 .
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Prins (7)
( 1
hemodialysis 48 ,
creatinine 24
)
furosemide ,
creatinine clearance 5 ' 1!
(8)
9
2.14.2. ( ototoxicity )
(cochlear)
(vestibular) organ of cort

(auditory nerve fibers)
(supporting cells) ~ neuroepithelium ~ secretory tissue

vestibular ~ cochlear
perilymph  endolymph

organ of
corti  cochlea 1 , cochlea



13

(vestibular system) H
' (nystagmus)
?

cochlear  vestiblular apparatus

(1,3-4)
8 { streptomycin  gentamicin
neomycin - kanamycin amikacin
netilmicin gentamicin tobramycin
amikacin
2143
(neuromuscular blockade)
nondepolarizing ~ curare-iike blockade
(skeletal -~ muscle) acetylcholine
presynaptic receptor site (postjunctional receptor Site)
(neuron)
myasthenia gravis parkinson
anticholinesterase endrophonium, neostigmine calcium

gluconate
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neomycin kanamycin amikacin gentamicin tobramycin

netilmicin (1,3-4)
2144,
anaphylaxis (2-4)
2.1.45.
(2-4)
2.15. (pharmacokinetic)
2151, (absorption)
(highly polar cation)
1
( ; Infusion 30-60 )
60 (‘! 30-90 )
30
0 2-3 ,
2152, ( distribution )
streptomycin

35 10
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(extracellular fluid; ECF)
(distribution volume) 2 - compartment model 02-03

(8)
() = IBW + 04X (ABW - IBW)

IBW = ideal body weight (.), ABW = actual body weight ( .)

IBW 20
IBW IBW !
Devine (88)
IBW =50 +23X( - 60 )
IBW = 455 +2.3X( -60 )

(cerebrospinal  fluid ;CSF)

(aqueous humor) CSFH 10
20
intrathecal ~ intraventicular CSF , renal
cortex 10-50 (3-4)
2.153. (elimination )

(glomerular filtration)



24

(elimination half life) 2 -3

8-11

2.2

(26)

2.2.1.

80 - %
Barza (76)
gentamicin
Creatinine Kaye
gentamicin
Creatinine

amikacin
creatinine

24

90

16

46



(elimination rate )

222
cardiac output,
2.2.3
ECF  ECF
( 2) creatinine
(35, 45 - 49) IBW
Barac-Nieto
1 " Dody solid ECF
(redistribution)
ECF (51)
Slake Karsky (87) albumin

albumin 24 | .

17

(50

ECF
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10-1.2
lean body weight
Half-life vs. Distribution Volume
50
40
b 3 -
; 20— .|¥| "o o.
10-
() 10 2 Kl s 1
Distribution Volume: (L/kg)
2
gentamicin (26)
224,
endotoxin gentamicin
25 60
6 gentamicin
40 L2 3
gl
gentamicin

cardiac output
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2.2.5. hematocrit
(nonlinear) hematocrit
? gentamicin
hematocrit

(variance) 42 hematocrit fluid status
hematocrit

2.2.6. Ideal body weight

ideal body
mass IBW ,

gentamicin ideal body mass 5-6
extracellular water adipose tissue
2.2.1.
gentamicin
' 1,640 gentamicin
muscle mass

ECF

2.2.8.

extracellular fluid compartment, total body
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water .cardiac output .

2 -5
ECF
gentamicin 94 55
(%4)
2.2.9. ( bum)
hypermetabolic basal metabolic rate
0Xygen clearance caloric expenditure 2-3

extracellualr fluid compartment

(burn  resuscitation)

1 post bum
diuresis
2.2.10.
cystic fibrosis
leukemia
2.2.11, (internal medicine patients )

creatinine
gentamicin 2.5



mifi. 1 i

2.2.12,

extracellular fluid volume

gentamicin

2.2.13.

creatinine creatinine

(congestive heart failure)
ECF (edema)

( creatinine )

2.2.14,
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(critically il patients) hypermetabolic
(organ failure) hypermetabolic
, cardiac output

, (surgical intensive care patients)

(>025 [ ) ECFi
(43)
(44)
PEEP (Positive End Expiratory Pressure)
cathecolamine (32,
45)
Lugo  Castaneda-Hernandez (45)
(vital support therapy)  oxygen extraction ratio, , PEEP
cathecolamine amikacin
creatinine clearance amikacin
50.5
80-90 (46)

047 | .( 05 )

Triginer (47)



043 | . 7
029 | .
(subtherapeutic level)
2.2.15,
dynamic cardiac output
ECF
) ECF
2-3
dosing chart  nomogram
(asphyxiation)
2.3

(concentration dependent killing) post antibiotic effect (PAE)

minimum inhibitory concentration (MIC) PAE

(10)

23



Aminoglycoside concentration

24

Peak level which correlates with
-1 duration of PAE

Critical level below which full
susceptibility to subsequent
doses is restored

L« PAE ————> \

.......................................................................................

I T | [ [ I I

Time (h)

3 MIC = minimum

inhibitory concentration 1PAE =post antibiotic effect(].g)

meta-analysis  Hatala (1)

Barza (12)

Bailey (13) !
Al (14)
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meta-analysis
meta-analysis
1. ) post-antibiotic effect (10,15, 92)
PAE
PAE
MIC
PAE 2-38
PAE ( PAE
)
PAE
drug - induced nonlethal damage bacterial binding site
sublethal
PAE
PAE
2. ) concentration dependent killing
Moore (16)
24-
48
MIC 5)

MIC 10 Moone (15)



MIC
Noone (90)
(15,17)
3)
uptake
depletion)
(92)
(11)
4)
i vitro
Uptake
exposure resistance MCgo
MIC

26

MIC

(volume

adaptive post



MIC

nomaogram

(19

nomogram

0 !
nomogram
94
(29)
Nicolau (20)

(7, 18)

18

27



Nicolau (21)
gentamicin ~ tobramycin 40

3) ,
5 )
6. ) ,
: )
7 )
241, 5

(dosage regimen)
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()
, (pehic  inflammatory
disease) 1hacteraemia
I
cystic fibrosis 1 creatinine clearance <20 ./
, >20 % ,
mycobacterial infections, osteomyelitis
enterococcal infection
24.2 (dosage regimen )

(therapeutic range)
2
therapeutic range
3 nomogram



2 therapeutic range  toxic range
(22)
Therapeutic range ./
T A i
v
Gentamicin 5-8 8-12 <1 <2 >12
Tobramycin 5-8 8-12 < <2 >12
Amkacn 25-35 25-35 1-4 4-8 >%
3 nomogram
L loadng dose IBW !
Loading dose
Tobramycin, gentarmicin 15-20 . 4-10
Amkacin, kanamyan 50-75 [ . 15-30
2. maintenance cose ( loacing dose )
corected creatinine clearance
% loading dose
cer J t2( ) 8§ ' r
% 31 84% :
8 34 80 91%
70 39 76 8
60 45 [ 8
5) 53 65 79
40 65 57 7
¢l 84 48 63
25 99 83 57
2 119 37 50
17 136 B 46
15 151 3 £
1 179 2 37
10b 204 2% 34
7 259 19 2

5 315 16 23
2 46.8 il 16
0 69.3 8 il

>
>72
>10

24

92%

30



a=

11-30

Pseu

corected creatinine dearance ;¢ (O o
c(Oa =140- [ ceatinne
Cooa =08%xc Qo
loacing dlose ?
Coga<10 |/

gentamicin, tobrmycin -~ netilmicin
(1.5-2 [ .
Y )
MIC

3

MIC 10-20

gentamicin - tobramycin !

I

gentamicin

domonas aeroginosa 10

( 2 ) 20
empirical treatment

gentamicin

1(25)

Creatini

MIC

ne clearance (/)

WESIIRS G

MIC

N

tobramycin h-T_4£47.

100

88

[
4
66
57

3-1

05 -

I .

amikacin

(17

4.0

MIC

/
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Hardford Hospital once daily programme

Cor
(/)
> 7 24
040 7 K3
nn 7 /. 48
Q 7 .
<l |
= IBW+0.4X (
? ; 1
48
nomogram

4 nomogram
(20, 25)

MIC 20

10

creatinine clearance (Cler)

Hartford Hospital once-daily aminoglycoside nomogram

Concentration (m

q24h

1 | 1 | 1 1 1 1 1 1 1 1

1 | n
6 7 8 9 10 11 12 13 14
Time between start of infusion and sample draw (h)

( BV 2)

-BM

6-14 24 36

MIC



24

period)

2.5.

(37-39)

33

(28, 30, 32, 41)

(33-36)

(23-25) !
(20)  nomogram 2 4
!
MIC ! (drug free
!
3
creatinine creatinine clearance
nomogram
nomogram creatinine clearance
(40)
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dosage
regimen
3
()
creatinine
(22) 1-3 creatinine clearance
Creatinine clearance
Cockroft - Gault (53)
Cler = (140-  )x
72 X Scr
Cler = Cler X 0.85
Cler e 1SCr creati inel I
IBW  IBW
Hammett-Stabler Johns (22)
steady state )3 4 2
( 3) 3-4
steady state
8-12 , 3-7

nomogram Nicolau (20)
30 2



4
Getamcn 2 m
Tobramyon
Amkaon  60- 9D
-0
J
?
8-12
J
Demczar
2.7
(20 155-59)
30
60
(
)

one-compartment model

| <32041 4

(54)

gentamicin
2=

30

«

35
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Mann (60) one-compartment model

(1
60 )

15

4 12 Re=08
50 3 4

2.6.

2.6.1. data fitting (26)

(least-square regression analysis)
one-compartment model
(linear) (nonlinear)

semilog



2.6.2.

’

1.\d

N

. eigan
il
D

&~ o

5 T

1)

= - Ke / 2.309)

o .

i.g 1!

(elimination rate constant)

Y

(peak level)

data fitting model
Sawchuk-Zaske method (27-28 )

Ke [peak-( trough.e'ket)]

=Ke . Vd

=0.693/Ke

=Ke.Vd .Cpmax-g .(1- e'ke'T)
pogh

=- 1.In[Cpmin-g ] +t

Ke

[ Cpmax-g]
(9

(1)

()
()

(/)

(26)

data f

Qo= gentamicin clearance ( /

tp=

t=

frough =
Cpming =
/)

Bayesian method

(population - hased parameters)

/

Vv

0

1

N %

AN

/

creatinine

olv

37



3.)

(variability)

(expected drug concentration)

Therapeutic

Pharmacokinetic

Gonals Model
Dosage
Regimen
Expected Predicted
Response : Concentration
Measured |~ | Measured
Response Concentration

(26)

38
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Bayesian method Bayes' theorem

Prob (p/c ) = Prob( P). Prob( c/p )
Prob (¢ )

Prob (PIC)  =the probability distribution of the patient's pharmacokinetic
parameters taking into account the measured drug concentration

p =the patient's pharmacokinetic parameter

c =the measured drug concentration

Prob (p) =the probability of the patient’ parameter within the assumed
population parameter distribution

Prob ( C/P ) =the probability of measured concentration in the context of the
pharmacokinetic model 1random ( measurement ) errors

Prob (¢ ) = the unconditional probability of distribution of the observed level
(normal
distribution) maximum - likelihood estimation ~ Bayes' theorem
objective function
P
0B') Baes - (A-pe+ (G-
j =1 < i=1 a2

B =the population pharmacokinetic parameters | =1top

B =theindividual pharmacokinetic parameter

(JB = population parameter standard deviation

G =observed drug concentrations, G = predicted drug concentrations

(J 1 =standard deviation from the random error model for =1 to available drug
concentration
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log
objective function P (geometric mean), B Gp log
BA  Op minimization ~ Bayesian objective function

(measurement error)
Bayes' theorem Bayesian objective function
( )
)
Bayesian method Bayesian
method
Sawchuke  Zaske
Bayesian method
2 3
Bayesian
method
(30-31)
Lugo Castaneda-Hernandez (32)
bias Gil (31)

choecystitis MacClellan Farringer (30)

bias precision



2.1.

-62)  nucleophilic opening

bata-lactam

penicillin

(62- 63, 65 - 66, 68 - 70)

Walterspiel

isepamycin, amikacin, gentamicin

heparin
amikacin
gentamicin

heparin

41

beta-lactams (61
beta-lactam ring

(63-65)
, (inactivation)
beta - lactam
(62, 64, 66)
peniclin -~ cephalosporin
in vivo
1
24
(67)
penicillin

(61)

beta - lactam, beta-lactamase inhibitor, cilastatin
3r°c 48 isepamycin
beta - lactam beta -lactamase inhibitor

fluorescence polarization immunoassasy (FPIA)

Ebert (71)

carbenicillin

gentamicin
in vitro
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Enzyme Multiplied Immunoassay technique (EMIT) gentamicin
Ox® ( FPIA) microbiological assay
gentamicin  carbenicilin " penicillinase

carbenicillin gentamicin
24
Tindula (67) -20°c 24
cefazolin cefamendole nafcillin,
cepharicin cefoxitin penicillin, - ampicillin,
carbenicillin ticarcillin (getamicin, amikacin,
tobramycin) | - 20 C
penicilins ~ cephalosporin
Pickering Gearhart (69)
56 - 10°c ticarcillin -~ carbenicillin
100- 600/
1 )

(freeze)
penicilin - cephalosporin
2. ) penicliiln
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