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Table 1.0 Adverse effects of antimicrobial agents

Antimicrobial agents Adverse effects Antimicrobial agents Adverse effects

penicillins hypersensitivity, liver damage, aminoglycosides renal damage, ototoxicities, neuro-
renal damage, bleedeng muscular junction disorder
tendency, central nervous
system toxicities

cephems hypersensitivity, heptic damage, polypeptides renal damage, peripheral nerve disorder,
renal damage, antabuse-like neuo-muscular junction disorder
reaction, bleeding tendency,
central nervous system
toxicities

carbapenems hypersensitivity, liver damage, glycopeptides skin eruptionO red neck syndrome(]
renal damage, central nervous renal damage, hepatic damage,
system toxicities ototoxicity

macrolides gastro-intestinal disorder, chloramphenicols bone marrow damage, hepatic damage,
hepatic damage Gray syndrome

tetracyclines hepatic damage, renal damage. quinolones gastro-intestinal disoreder, central
phototoxicity nervous system toxicities, hepatic

damage, hypersensitivity

From references 1 and 2 with minor modification

Table 2.0 Adverse effects of antimicrobial agents

Mode Antimicrobial agents Adverse effects
Concentration- | penicillins hypersensitivity
independent cephems

carbapenems
penicillins renal damage
cephems O interstitial nephritis0

Concentration- | aminoglycosides renal toxicities

dependent ototoxicities
penicillines convulsions
cephems
carbapenems
quinolones
glycopeptides renal toxicities

ototoxicities

From reference 1 with minor modification
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Table 3.0 Mechanisms of adverse effect of antimicrobial agents

Antimicrobial agents Adverse effect mechanisms
penicillins convulsions Inhibition of GABA receptor binding in the central
cephems nervous system
carbapenems
quinolones
cephems antabuse-like effect Inhibition of aldehyde dehydrogenase by
thiomethyltetrazole group
bleeding tendency Inhibition of syuthesis of vitamin K-dependent
coagulation
factors by thiomethyltrazole group in cephems
aminoglycosides renal damage Binding to phospholipids
ototoxicities
vancomycin red man(] neckO Histamine release
syndrome
Table 4.00 Adeverse effect of aminoglycosides and vancomy- Table 5.0 Antimicrobial agents and thera-
cin and their pharmacokinetic parameters peutic drug monitoring
Antimicrobial Adverse aminoglycosides amikacin
agents effects Related factor kanamycin
aminoglycosides renal through level streptomycin
damage gentamicin
ototoxicities accumulated dose cisomycin
duration dibekamycin
vancomycin renal through level tobramycin
damage netilmycin
ototoxicities serum concentration glycopeptides vancomycin
From references 6-8 with modification teicoplanin

From reference 11

Table 6.0 Central nervous system toxicities

of anti-microbial agents 0000000000000000000000000
Delirium 0000000000000000000000000
Extrapyramidal syndrome 0000000000000000000000000
Convulsions
Headache O00000000000000
Nausea 10p-000000000
EI‘?U:'EViSiO“ p-0000000000000000O000O00D

tness
Velrgtigo 0000000000 penicillin GO cefazolinO cephalo-
Dizziness ridne0 0000000000 O0ODOODOOOOO
Loss of hearing 02 Qo000 0000000000000000

Sleep disturbance
Sensory disturbance Joodooooooobobobobobboboooogad

Drowsiness goboobooboobboobuooboooboo
gopboobooboobbomoboboo™ooo
gopboobooobo3noobobbbbooooaoa

Vil dooooogoooooo O00ooo"™m

00000000000 0000O0odrableed OO p-0000000000000000D0O0O00O00O0O
goboooobboobbboobooobooboon goboobooboobboobuooboooboo
godbooooboobooboboobooboboooobga goboobooboobboobuooboooboo
godbooooboobooboboobooboboooobga O00Fig. lAandCO0O000O0O0OO00OOOOOO
OO0O0O0O0O0OO0O000OTable7Od OO Table8O O ggoooobbobbbooouooob y-bbOoO
O 00000000000 000000 nalidixic UOGABALD D ODODbUOOobOoOobobooobooboo
acid000O0O0O Table9 OO DOOODOODOOOOODO 000 B-00000000OGABAODODDODOODOOOOO
00o00oo0oO0oO0o0o0*mMO000000oooooo 0000000000000 0Fig.1Band DE** 0 0O
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Table 7.0 Adverse effects of quinolones

norflox- . - ciproflox- | tosufloxa- | lomefloxa- | fleroxa- | sparfloxa- | levoflox- | gatifloxa-
acin ofloxacin | enoxacin acin cin cin cin cin acin cin
Irﬁzzgﬁal 1.2% 2.8% 3.8% 2.1% 2.3% 1.7% 1.9% 2.0% 2.4% 3.0%
Central
norvous 0.2 0.6 0.2 0.4 04 0.8 1.9 0.6 0.5 0.6
system
Skin, 0.2 0.7 0.7 0.4 0.8 0.3 0.5 1.6 0.5 0.2
allergic ’ ’ ' ’ ’ ’ ’ ’ ' ’
Others 0.3 0.4 0.5 0.7 0.1 0.5 0.3 0.7 0.4 0.7
Total 1.6 3.5 4.7 3.0 3.6 3.1 4.5 4.8 3.9 45

References 19 and 20

Table 8.00000000000ODOOO

oooo|0000 poo0o|0000 (0000 pooboopoooo|oooo|cooo BEB oooo|oooo
O O ooo ooo oo oooo| ooo |booo| ooo 0ooo oooo|oooo
oo 13,351 | 22,267 | 17,345 24,184 25,042 17,265 | 15,711 | 56,284 1,182 2,754 3,134 2,727
0O00000)| 58040 |68 0.280| 400 0.240/150 0.620 [108] 0.410 | 341 0.1901 | 291 0.1801 |50 0.100 | 241 2.00 | 1@ 0.6200] 20 0.670
ooo 61 0.050 &10.020| £210.010 100 0.0400| 6 0.030| M 0.00600 M 0.002[ [ 0.030

oo 141 0.10 |20 0.090| 161 0.1200 411 0.190| 241 0.1000| 8 0.050 0.0400|2810.040| @0.7600 & 0.180 80.10 | 80.30

000000 220.160 121 0.050| 810.060 301 0.1200| 2810.090| 8 0.050| @10.0600| 80.010| 810.250 610.220 0.220 0.30

0o D 0.004(1 08 0010|020010| D0.0060 [0.0060 20.0040 [0.080 ©0.040 [ 0.030]
oooo 0.050] § 0.040 100.040 6 0.030 10 0.010 210070
oo 20.010 #0.030] 5610.230| 1810.050 8 0.020 70500 [0.040 [0.030
HHDEee [ 0.006C]
oo 210.0100 § 0.020 |0 @ 0.040| [ 0.0060 T 0.0060 D 0.0400
oooo D 0.010] 1000.040 1 0.00601 1 0.00201 00040 20.060
0o 0 [ 0.0040)0 T 0.004(]
0000 | 80020 210.010]0 4 0.020 |0 8 0.030| T 0.006(] 5 0.009] [ 0,030
oDooo T 0.006(]
oo [ 0.004(] 0 [ 0.004C] 2 0.004]

From references 19 and 20

Table 9.00 Neurotoxicity of nalidixic acid ooooop-000000000000O00ooooDO
Visual disturbances — Overbrightness of lights bobooooddbooooooooogooooon
Excitement Blurred vision gddddoooooooooobobobobobooooo
Depression Difficulty in focusing 000000000000
Confusion Decreased visual acuity
Hallucinations Diplopia ippoooooon
Headache Alternation in color perception 0000000000000 O0O0O0O0enoxacin®d
?iddi”e_ss ciprofloxacin®"0 norfloxacin®'0 ofloxacin®’0 lomeflox-
nsomnia o
Drowsiness acin*0 0000000000000 O00OD0DOOODOOO
Syncope D000000OoOoOoo®*moooo*®*™ooooo
Sensory changes 0000000000000000000000000
Convulsions
Acute reversible psychosis 000000 0oOOo0obOOo0oooobOoobOooooao
Paranoid state 000000 0oOOo0obOOo0oooobOoobOooooao
From reference 21 O0000Fg.200 000000 0000000000

oooO0o¥™WOoO0oO0O0O0DO0DO0OO0OOOoO0OoOoODODOoOOO
GABAOODODODOOODODOOOOODOOOFig.
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Convulsant activityd A and CO of B-lactams and their inhibitory activity on GABA receptor bindingd B and

A and B: from reference 28, C and D: Hori et al, unpublished data
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Fig. 7. GABA and antimicrobial agents in the central nervous system.

Table 10. Convulsant activity of quinolonestJ ED50, nmol and drug interaction with antiinflammatory drugs

norfloxacin enoxacin ciprofloxacin | lomefloxacin levofloxacin gatifloxacin
ED50 DI ED50 DI ED50 DI ED50 DI ED50 DI ED50 DI
no antiinflammatory drugs 12.9 1 36.1 1 17.0 1 30.8 1 75.2 1 275 1

salicylic aspirin 9.8 13 24.7 15 29.0 0.6 22.9 13 83.1 0.9 25.2 11
acid

arylacrtic biphenylacetic acid 0.5 26.3 2.4 15.0 5.0 3.4 5.5 5.6 62.7 1.2 17.3 1.6

acid indometacin 42 | 31| 86| 42 | 182 | 09 | 190 | 16 | 794 | 09 | 252 | 11

diclofenac 12.9 1.0 27.6 1.3 25.2 0.7 43.8 0.7 74.3 1.0 25.2 11

etodolac 11.8 11 37.0 1.0 18.9 0.9 30.8 1.0 60.0 1.3 37.0 0.7

prgpionic flurbiprofen 0.2 67.9 12 30.1 6.9 2.5 11.3 2.7 74.9 1.0 334 0.8

acid ketoprofen 3.2 4.0 4.7 7.7 6.7 25 8.3 3.7 75.0 1.0 29.9 0.9

ibuprofen 18.4 0.7 24.7 15 24.2 0.7 43.8 0.7 81.4 0.9 20.8 13

loxoprofen 6.2 21 324 11 233 0.7 25.2 1.2 97.3 0.8 25.2 11

fenamic mefenamic acid 21.8 0.6 65.3 0.6 20.8 0.8 43.8 0.7 83.6 0.9 20.8 13
acid

oxicam piroxicam 9.8 13 30.8 12 145 1.2 25.2 1.2 75.1 1.0 25.2 11

tenoxicam 135 1.0 30.8 1.2 145 1.2 36.6 0.8 1335 0.6 25.2 11

meloxicam 17.0 0.8 53.4 0.7 17.3 1.0 53.4 0.6 64.2 1.2 36.6 0.8

pyrine sulpyrine 129 1.0 53.4 0.7 37.0 0.5 30.8 1.0 83.1 0.9 20.8 1.3

isopropylantipyrine 21.8 0.6 30.2 1.2 20.8 0.8 25.2 1.2 60.0 1.3 25.2 11

others acetaminophen 14.9 0.9 43.8 0.8 30.8 0.6 25.2 1.2 67.1 11 34.6 0.8

DI: drug interaction] ED50 with antiinflammatory drugs/ED50 without antiinflammatory drugsC)
From reference 37 with minor modification
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Fig. 8. y-Carboxylation in prothrombine synthesis.
From reference 44
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Fig. 9. Structures of cephems with methyltrazol thiol group.

Table 11.0 Effect of cephems on blood acetaldehyde concentration after oral administraion of ethanol in rats

uey | oosnmghon | e | A

thiol group route gg:irr?isettrg?inoor: 0 % of control¥
Disulfiram 500, po 18 531
Latamoxef yes 500, sc 18 260
Cephalothin no 500, sc 3 100
Cefazolin no 500, sc 86
Cefotaxime no 500, sc 18 130
Cefamandole yes 500, sc 18 286
Cefoperazone yes 500, sc 18 235
Methyltetrazol thiol 125, sc 3 677

Y 30 min after oral administration of ethanol 2 g/kgO]
From reference 45
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Hori et al, submitted to J Infect Chemother
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Adverse effects of antimicrobial agents
The mechanisms of their concentration-dependent effects

Seiji Hori

Department of Pharmacology 100 Jikei University School of Medicine, 3-25-8 Nishi-Shinbashi,

Minato-ku, Tokyo, Japan

Recently many antimicrobial agents are used for treatment of infectious diseases. These agents are known to
potentially have adverse effects. The adverse effects of antimicrobial agents are classified to two major groups;
10 concentration-independent effects and 2[concentration-dependent effects. Large part of the mechanism of
these adverse effects remains unclear. In this paper, we will discuss the mechanisms of aminoglucoside- and
glycopeptide-induced nephropathy, aminoglycoside-induced ototoxicity, -lactam- and quinolone-induced con-
vulsions, cephem-induced bleeding tendency and antabuse-like effect, and quinolone-induced hypeglycemia.



