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INTRODUCTION 

The term "aminoglycoside antibiotic s " isa convenient but imprecise 
designation for a large group of .chem ica lly related antibiotics including 
streptomycin, neomycin, kanamycin, and gentamicin. Unlike penicillin, which 
was discove red accidentally, each of the am inog lycos ide antibiotics was dis
covered as the result of a de libe rat e search. Recognizing the need for 
effective mea ns of treating infec tion s du e to gram negative bacteria, Waksman 
and associat es in 1939 began a progran1 to screen microorganisms for production 
of antibiotics active ag~: n s t them. Between 19 39 and 1943, these studies led 
to the isolati on of many antimicrobi a l products including actinomycin and 
streptothrycin, but none of these agents had sufficient antibacterial activity 
and "littl e enough toxicity to be clini ca lly useful as an antibiotic. After 
screening more than 10,000 differe nt microbes, a strain of Streptomyces 
gl'iseus was found that produced a new ant ibiotic, now cal led streptomycin, 
that had a broad spectrum of activit y against many bacteria including gram 
negative bacilli, staphylococc i and the tubercle bacillus (1). The rapid 
progress in the study of streptomycin following it s discovery has been sum
marized as follows by \.Je inste in: "In l es s than two years extensive bacterio
logical, chemical, and pharmacologica l invest igat ions of streptomycin had been 
carried out, a nd its clinical usefulness was established. Controll ed studies 
of the the rapeutic efficacy of the drug in man were s upervi sed by the Nat ional 
Research Council and s upported by lar ~]e contributions from private ly owned 
pharmaceutical and chemical companies; this constituted the first privately 
financed, nationa lly coordinated, c lini cal drug evaluation in history. By 
early 1947, these irivestlgat ion s were comp leted and streptomycin was re lea sed 
by the National Researcll Counci 1 for gen e ral clinical study and use" (2}. In 
1947, dihydrostreptomycin was produced by chemical reduction of streptomycin. 
Neomycin was isol ated from a strain of Stl'eptomyces fl'adae by Wak sma n and 
Lecheva li er in 1949 (3). Umezawa and his coworkers in Japan isolated kana
mycin in 1957 from a strain of S·tl'eptomyces kanamyceticus (4). Paromomycin 
was i so lated in 1959 by Coffey and coworke rs from an isolate of Streptomyces 
l'imosus from a · sample of so il in Colombia (5). Early reports on the charac
terization of gentamicin, an anti _l;,~ tic produced by a strain of Micromonospora 
purpu:r•ea, appea red in 1963 (6), and during the la st 11 years gentamicin has 
become one of the most commonly used antib iotics in hospitalized patients. 
Many aminoglycosides have been t ested and discard~d because of insufficient 
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activity or excessive tox icity, while n ew~r ones are continuously being dis
·covered and t ested for possible clinical usefulness. Among the promising new 
aminoglyco s ides that a re not yet availab le for general clinical use are tobra
mycin, s i somycin, am i kacin (BB -K8), and butirosin. Several important symposia 
about kan amycin and gentamicin have been published and provide a wealth of 
clinical and bacter iol og ica l da ta about these important antibiotics (7-10). 
References II and 12 a l so provid e usefu l reference materials concerning the 
molecular biology and the clinical use of antibiotics. 

STRVC'l'URE AND CLASS.TFICATION 

The comparative chemist ry of the aminoglycoside antibiotics has been re
viewed by Rinehart (13). In chemica l terms an aminoglycoside is a compound 
containing an amino sugar g lycos idi cal ly linked to some other molecule. Many 
different groups of antib iotics contain amino sugars linked in this manner, and 
the term aminoglycoside antibiotics, t hough useful, is not specific enough to 
characterize the an t ibiotics co~sid e red here. Other structural components that 
are present in all of the antibiotics commonly called aminoglycosides are 
derivatives of inisotol called aminocyclitols (Fig. 1). 
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Characteristic cuninocyclitols (Haworth projections) 

(Ref. 13) 

All of the aminoglycosid~ antibiotics in clinical use today can be characterized 
as aminoglycosidic am inocycl itols. Streptomyci~ is a derivative of streptidine, 
while other familiar aminoglycosides such as the neomycins, kanamycins, and 
gentamicins are all derivatives of deoxystreptami~e. The deoxystreptamine 
containing aminog lycosides ·can be separated into two large subgroups which have 
substitution s at different positions on the deoxystreptamine molecule. The 
"1,2-subst ituted" deoxystreptamine ant ibiotics, including the neomycins, hybra
mycins, and paromomycins, have substituents attached to adjacent hydroxyl groups 
on the deoxystreptamine ring. In co~ trast, the "1,3-substituted" group of 
aminoglycosides, including the kanamycins, gentamicins, and tobramycin, contain 
substituents on hydroxyl groups that are not adjacent in the deoxystreptamine 
molecule . Structural formulas of the more important aminoglycoside antibiotics 
are given in Figures 2 through 6. 
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Streptidine-bluensidine antibiotics (Haworth projections) 
(Ref. 13 ) 
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FIGURE 3 

Structu1•e of the neomycins, butirosin, ribostamycin, 
and paromomycin. Neamine (or paromamine ) consists of 
rings 1 + 2, neobiosamim:de of 1•ings 3 + 4, and 
ribostamycin of 1 + 2 + 3. The hybrimycins contain a 
strr:;ptamine ring (hybrimycin A1 and A2J or epistrep
tcunine ring ( B 1 and B2 ) instead of 2-deoxystreptamin_e. 
Butirosin (1 + 2 ·1- 3) has a 4-cunino-2- hydroxybutyr>yl 
substituent on N-1 of 2-deoxystreptcunine. Ar•rows 
indicate where these antibiotics are N-acetylated by 
kanamycin acetyUransferase to yield 6 '-N-acetyl 
antibiotics (a) , and a-phosphor•ylated by neomycin
kanamycin phosphotraruJfm•ase (b ) and by lividomycin 
phosphotransferase (c ) . 

(Ref. 27 ) 



_x_ _Y_ 

KANAJ..4YCINS A NHz OH 

8 NH2 NHl 

C OH 11Hz 

FIGURE 4 

Structure of kanan1ycins A, B, 
and C. Arrows indicate the 
sites of N-acetylation by 
kanamycin acetyltransferase to 
yield 6'-N-aeetyl antibiotics 
(a), the site of a-phosphory
lation by neomycin-kanamycin 
phosphotransferase (b), ~nd 
the site of o-adenylylatt-on 
by gentamicin adenylyltrans
ferase (c). 

(Ref. 27) 

FIGURE 6 

Structure of tobramycin (nebrmny
cin factor 6). The arrozu indicates 
where this antib1:otic can be emly
matically N-acetylated by kanmny
cin acetyltransferase to yield 6 ' 
N-acetyl tobrmnycin (a), by 
gentmnicin acetyltransfer>~se I to 
yield 3-N-acetyl tobrmnycnn (b~, 
and o-adenylyl-ated by gentannct-n 
adenylyltransferase (e) . c; ( 

{Ref. 27 ) 
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FIGURE 5 

Structure of the gentamicins . Rh7g 
I is purpurosamine, II is 2-deo;cy

.streptmnine, and III is g~ntosamine 
(gentamicin A) or garosamt-ne (gen
tamicin C's). Sisomycin is 4,5-de
hydr>ogentamicin C1a (the purP.uros
aniine l'ing is reduced). In dt-hydro
sisomicin, the carbon #6 group of 
that ring is :nverted ( L~sugar). . 
Arrows indicate where tlns gr>oup of 
antibiotics can be N-acetylated by 
kanan1ycin acetyltransferase to 
yield 6'-N-acetyl antibiotics (a), 
by gentamicin acetyltran~f~ra~e II 
to yield 2 '-N-acetyl ant&bt-ot-w 
(d), by gentmnicin acetyltran~f~r>-. 
ase I to yield 3-N-aeetyl ant&b~otw 
(c), a-phosphorylated by neomyct-n
kanmnycin phospho transferas e ( genta
micin A only) (b); and o-adenylylated 
by gentamicin adenylyltransferase 
(e ) . 

(Ref. 27) 
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Some of the am inog lycoside antibiotics used clinica lly are in f act mixtures 
of closely related compounds. For example, kanamycin is almost entirely composed 
of kanamycin A, but traces of kanamycin B are present; and gentamicin is a mix
ture of gentam icins Cl, Cia, and C2. Among the newer aminoglycosides undergoing 
testing, amikacin (BB-K8) is a semisynthet ic derivative of kanamycin, and s iso
mycin is 4,5-dehydrogentamicin Cia. 

All of the aminoglycoside antibiotics are basic compounds that are readily 
soluble in water . . They are most commonly available as sulfate salts, and they 
are stable in solution. 

ANTIBACTERIAL ACTIVITY 

The clinically useful aminoglycoside antibiotics have similar spectra of 
activity against most species of bacteria. Aminoglycosides are bacte ricidal 
against mo s t susceptible bacte ria and have optimal activity at slightly alkaline 
pH. A summary of recent data on the susceptibility to the am inoglycoside anti
biotics streptomycin, kanamycin, gentamicin, and tobramycin of gram negati ve 
bacilli and gram positive cocci isolated at P~rkland Memorial Hospital between 
February I, 1974, and ·April 15, 1974, i s presented in Table I. These unpubli.shed 
data were provided by Dr. Paul Southern and Ms. Earline Kutscher. 

Most aminoglycosides have a broad spectrum of activity against gram negative 
bacilli and against Staphylococcus aureus. Aminoglycosides also have significant 
activity against Mycobacterium tuberculosis, but only streptomycin has been· 
widely used as a first line drug for the thera py of t uberculosis. During the 
past 30 years, resistance to streptomycin has become common among clinical 
isolates of gram negative bacilli. At the present time gentamicin has a slightly 
broader spect r um of activity than kanamycin against most gram negat ive bacilli. 
Most strains of Pseudomonas aeruginosa a re res istant to kanamycin but susceptible 
to gentamicin. In addition, most strains of Proteus mor ganii isolated at Park
land Memorial Hospital are resistant to kanamycin but susceptible to gentam icin. 
The incidence of gentamicin resistant strains of Pseudomonas aeruginosa appears 
to be incre·asing at Parkland Memorial Hospi ta l. In a study of Pseudomonas 
aeruginosa strains isolated two years ago, 91% were inhibited by 5 pg/ml of 
gentamicin (14). In contrast, at the present time only 72% are inhibited by 5 
.jlg/ml of gentamicin. Strains of Pseudomonas aeruginosa resistant to more than 
100 pg of gentamicin/ml have also been isolated at Pa rkland Memorial Hospital, 
particularly from the adult and pediatric intensive care burn units (15). Most 
of the gentamicin res i stant strains of Pseudomonas aeruginosa isolated loca lly 
have been susceptible to tobramyc in but res istant to amikacin and butirosin. The 
antibacterial activity of newer aminoglycos ides against gram nega tive bacte ria 
has been evaluated jn studies from various instituti ons (16-24). One of the more 
striking observations from these in vitl'O studies Is the greater acfivity of 
tobramycin than gentamicin against P. aeruginosa, but whether this will be 
clinically s ignificant remain s to be established. No single pattern of cross 
resistance exists betwee n gentamicin resistance and resistance to the newer 
aminoglycoside antibiotics. Therefore, routine testing of gram negative bacilli 
for susceptibility to several ami ~~ lyco s ides remains desirable. 

All of the aminoglycoside antibiotics are believed to have similar mech
anisms of action. Among them, the antibacterial action of streptomycin has been 
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TABLE 1 

SUSCEPTIBILITY TO AMINOGLYCOSIDES OF BACTERIAL STRAINS ISOLATED 

AT PARKLAND MEMORIAL HOSPITAL BETWEEN FEBRUARY I, 1974 AND APRIL 15, 1974 

Species Number Percent of Strains Inhibited by a) 
I so I a ted ------,------,-------.-------

Gram Negative Bacilli 

Escherichia coli 

Enterobacter cloacae 

Enterobacter aerogenes 

Enterobacter agglomerans 

Klebsiella pneumoniae 

Proteus mirabilis 

Proteus morganii 

Pseudomonas aeruginosa 

Pseudomonas maltophilia 

Acinetobacte1• (Herellea) 

trobacter diversus 

- Citrobacter freundii 

Serratia species 

Provid~ncia stuartii 

Gram Positive Cocci 

Staphylococcus aureus (coag. +) 

Staphylococcus epidermidis (coag. -) 

Enterococcus 

" Viridans streptococci 

Streptococcus pnewnoniae 

Bacillus species 

736 
108 

65 
10 

284 
206 

25 
263 

16 

45 

32 
12 

47 

31 

365 
94 

208 

15 

·IS 

18 

Streptomycin 
20 \lg/ml 

77 
74 

83 

100 

80 

97 

79 

31 

13 

60 

81 

83 

75 
39 

96 
74 

9 
87 

60 

56 

Kanamycin 
20 )Jg/ml 

90 
69 
91 

90 
82 

98 
4 

5 

19 

87 

75 
92 

76 
26 

98 
81 

9 

93 

13 

89 

Gentamicin 
5 )J g/ml 

96 
88 

97 

100 

96 
100 

96 

72 

19 

64 
100 

83 

100 

32 

N.T. 

N.T. 

N.T. 

N.T. 

N.T. 

N. T. 

Tobramycin 
5 )Jg/ml 

96 
76 
92 

100 

86 

N.T. 

N.T. 

94 

19 

71 

72 
83 

89 

39 

N.T. 

N.T. 

N.T. 

N.T. 

N.T. 

N.T. 

a) Minima l Inhibitory concentrat'rons for all bacteria except Proteus species·were determined 

by agar dilution susceptibility tests. Susceptibilitie~ of Proteus species were determined 

by disk diffusion tests and data given are percent of strains reported to be susceptible. 

These data were complied from unpublished studies by Dr. Paul Southern and Earl lne Kutscher. . I 
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. studied in the greatest detail (rev iewed in references 11, 25). The aminogly
coside antibiotics interact with bacterial ribosomes and int erfere with synthesis 
of protein in bacterial cells. The biochemical experiments which led to the 
discovery of this mode of action for streptomycin are closely related to experi
ments on the genetics of resistance to streptomyci n in bacteria. In Escherichia 
coli, ~I ngl e step mutations that confer resistance to very high concentrations of 
streptomycin occur at low fr equency. Other mutants of E. coli can be i so lated 
that grow only in the presence of streptomyc in, and such strains are designated 
streptomycin dependent. Genetic studies have shown that the de terminants of 
streptomycin susceptibility, resistance, and dependence are allelic, suggesting 
that mutational changes in a single protein can produce each of the three pheno
types. When hybrid bacterial strains are constructed that carry genes determin
ing both streptomycin resistance and streptomyci n susceptib ility within a s ingl e 
cel l, susceptibility is found to be dominant over resistance. 

~lith the development of systems for studying protein synthes i s in vitro, the 
action of streptomycin has been studied at the biochemical l evel. Protein 
synthesizing sysiems can be prepared by mixing ribosomes and so lubl e fractions 
prepared from streptomyc in susc.eptible and streptomycin resistant strai ns of E. 
coli, and protein synthesis can be measured in the pres ence or in the absence of 
streptomyc in. Such studies have shown that streptomycin suscept ibility, re
sistance, or dependence is a property controlled by the bacterial ribosomes 
and not by soluble factors. Similar experiments with 30 and 50S ribosomal 
subunits have shown that the smaller 30S ribosomal subunit controls suscept i
bility or resistance to that drug. Ribosomes from susce~t ible eel Is bind strep
tomycin eff ici ent ly, but ribosomes from resistant cells do not. Analysis of the 
individual proteins derived from the 30S ribosomal subunit of E. coli has shown 
that a single protein designated PlO (or Sl2) is altered in streptomycin re-
sistant or streptomycin dependent strains (26). ~ 

When E. coli is treated with streptomyc in, protein synthesis is inhibited, 
abnormal proteins are formed as the result of misreading of the genetic message, 
and the bacterial cells die. Inhibition of protein synthesis and misreading of 
the genetic code occur in the presence of a ll of the aminoglycosidc antibiotics 
that have been tested. However, neither of these effects is s uffici ent to 
explain the bactericidal action of streptomycin or the dominance of streptomycin 
susceptibility over streptomyc in res istance . Studies of prote in synthesis in 
vitro using natural messenger RNA have c lar ifi ed this prob l em . In the presence 
of appropriate cofactors, streptomycin poisoned ribosomes are capable of initiat
ing protein synthesis, but elongation of polypeptide chains does not occur. 
Polysomes are present in the cell and turnover of messenger RNA occurs, but 
effective protein synthes is i s blocked. The initiation complexes formed with 
streptomycin poisoned ribosomes are unstab l e , and the streptomycin-ribosome 
complexes are released from initi at ion comp l exes and can reassociate with new 
molecules of messenger RNA. The dominance of streptomycin susceptibility is thus 
believed to result f rom acyclic blockade of polysomes by streptomycin poisoned 
ribosomes in the cell. ~ 

Benveniste and Davies have recently reported st udi es on the re lation sh ip 
between structure and antibiotic activity among the deoxystreptamine containing 
aminoglycosides (27). They have shown that the antibacteria l activity of these 
aminoglycosides is strongly affected by the positions and by the number of amino 
groups in the amino sugars attached to tl1e deoxystrcptamine molecule. At l east 
one amino group on each of the sugars i s required for ant ibacte rial acti vity, and 
activity is increased by increasing the number of am ino groups. Modification of 
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the amino groups by ace tyl at ion appea rs to neutra li ze th e ir contributions to 
antibacteri a l activity. The am inog lycos ide ant i b iotics containing 1,2-s ub st ituted 
deoxyst reptam i ne a r e more pot ent on a we ight basis than those containing 1,3-
subs tituted deoxystreptamine. Denven i s t e and Dav i es have pointed out the current 
need for a s imp l e and d irect assay wh ich wo uld re late s tructural req uireme nt s for 
antibacterial activity to those respons ibl e for the various toxic effec ts of 
aminoglycoside an t i b iotics. Such a n assay 1~o uld be very help f ul in prov iding a 
rational basi s for des ign i ng mo r e ef fe ctive a nd l ess tox ic aminoglycosides. 

BACTERIAL RESISTANCE 

There are several important diffe rences between the mecha nisms of r es i stance 
to aminoglycos ide s that are observed in bacter ia l mutants se lected in vitro and 
in res istant bacteria i solated di rec tly from c l inica l specimens. The occurrence 
of single step mutations tha t confe r resistance to high l eve ls of streptomycin 
has already been mentioned, and resistance of this type is due to alterations in 
a specific ribosoma l prote in responsib l e for the bindi ng of s treptomyc in to 
ribosomes. Resi stance determ ined by a l terations in r ibosoma l structure has not 
been obs e rved with kanamyc i n, gentam ic in , and other related aminoglycosides (27). 
In clinical iso l ates of am inoglycoside r es i s t ant bacter ia , antibiotfc res i stance 
is usually de t ermin ed by dru g res i s t ance factors (R factors) and not by a l tera 
tions in ribosoma l structure (28). In add ition, some s trains of aminoglycoside 
resi stant bacte ria have a r educed ability to t ake up these antibiotics (29). 

R factors are important in clinica l medi c i ne beca use they can determine 
bacterial res i s t ance to multiple ant ib iotics and can some times be transfe rabl e 
from one bacte ri a l stra i n to anot her (28,29 ). R factors a re a specific examp le 
of a group of gene ti c e l ements in bacte ria ca ll ed pl asm id s, and the t e rm r es i s
tance fact o r i s therefore eq uiva lent to resi s t a nce plasmid. Pl asm id s a r e extra
chromos oma l genet ic e l ements carry i ng informat io n tha t is not essenti a l to the 
survival of the ir ba c t er ia l host under norma l conditions. \olithin ce ll s, plasmids 
exist as circul ar rno l ecul es of doub l e st rand ed DNA that are separate from the 
bacter ial chromosome and are capab l e of replica tion. As shown in Figure 7, there 

·are two ge ne ra l classes of pla sm ids. 

Aosmid 
/ mo;ntenoncc 

~gkl~~n~/1 rF~ (; ~·~~~. \.~ 

(a) 

Resistance 
delcrminanls 

· .. {/ 
FIGURE 7 

(b) 

/,;lasmid moinlenanee 

·~·~ 

nesislonce 
delcrminanls __ y 

Diag1YJJTU71at·ic representations of the two main types of resistance plasmid. 
(a) se lf..:. ·tranmm:ssible, (b ) phage-transmissible . In excunple (a), the RTF 
region is made up of a ma-intenance region ( ® EH~ 0 ) coupled to a region 
specifying SC'~rual, ch.aractm•s ( li:J ~ ll!l [jjJ ). .rn (b ), only the ma1:ntenance 
region is found. The dist1•ibution of the r·esistance de t erminants round 
the plasmid is diagrCU7unahc . In most cases .mapping data are lachng . 

(Ref. 11) 
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All plasmids have certain f eatures in comm6n. To e nsure -the ir survival within 
cells, plasmid s must have genes that enabl e them to rep ! icate and persist within 
bacterial cell s. In Figures 7A and 7B this section of t he plasmid i s designated 
plasmid maintenance functions. One class of plasmids, re present ed diagramatic
ally in Figure 7A, is designated self transm i ss ibl e . Thi s term indicates that 
such pla smids can be trans f erred from one bacterium to another by conjug a t ion, 
and that the plasm id i tse lf contains th e gene tic informat ion necessa ry for these 
transfer functions. Self tr ansm issibl e pla smids direct synthes i s of new antigens 
associated with su rface struct ures calied pili. These pili are importa nt in 
estab lishing contact between bacterial ce ll s ,and during conj ugat ion they serve as 
the intracellul ar bridges through v1hich gene tic material (DNA) i s transferred 
from the donor to the recipi ent cells. In Figure 7A, th e genes that de t ermine 
these function s are designated as t he self t ransmissibi lity regions of th e 
plasmids. Ot he r plasrriids, represent ed di a g ramat ical ly in Figure 7B , cannot 
promot e their own transfer from cell to cell. They can be transfe rr ed, howeve r, 
if they are present in a cell that also contains a sel f tran sm is s ibl e plasmid. 
They can also be transferred by transduction, a process in wh ich a bacterial 
virus serves as a vector for transportation of the pla smid DNA from a donor to a 
recipient ce ll. 

The genes involved in plasmid maintenance and se lf ~ran sm issibility are 
characteristic of pl a smid s in general. However , plasmid s can carry add iti ona l 
and pot entially unique genetic informati on that is not r eq uired either for their 
own rep! ica tion and maintenance or for th e viability of the ir host ee l Is . Such 
additional genes may determine resi s tance to antibiotics, resistance to heavy 
metals, resi stance to environmental agents s uch as ultraViol et irradi at ion, th e 
production of toxins, etc. (Tabl e 2). 

TABLE 2 

Naturally Occurring Resistance to Antibacterial Agents 

Aminoglycos ides: 
Kanamycin 
Neomycin 
Gentamicin 
Lividomycin 
Tobramyc in 
Stre ptomycin 
Spectinomycin 

S-Lactam antibiotics: 
Penici 11 ins 
Ce phalospor in s 

Chloramphe nicol 
Tetracycl inc 

(Ref. 28 ) 

Sulfonamide 
Erythromycin 
Lincomycin 
Trimethoprim 
Heavy metals: 

Nickel 
Cobalt 
Mercury 
Lead 

Bacte riopha ges 
Ultraviolet 1 ight 
Co 1 ic ins 

Res istance facto rs or R factor s we re first di scovered beca use they contained 
genes dete rminin g resistance to antibiotics and beca us e they could be tra ns ferr ed 
rapidly from ce ll to ce ll. R factors a re common in bacte ri a i sol a t ed from 
clinica l spec ime ns in all parts of the world. Clinica lly significant r es istance 
to am inoglycos idc antibiotics is most commonly det e rmin ed by genes that are 
present in r es istance factors (28,29). Many studi es have demonstrated that 

J 
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aminogly cos id e re si s t a nt bacte ri a ca r rying R f ac to r s ca n inact i va t e s pecifi c 
aminogl ycos id e a ntibi ot i cs . It has now been es t ab li s hed th a t t he res i s t a nce · 
de termina nt s associ a t ed with ami nog l ycos id e res i s t ance d irect the synt hes i s of 
enzymes that ca n modi fy am inogl ycos ides and l ead to th e ir i nact i va ti on. These 
r eacti ons in vo lve modi f i ca tion s o f th e am inogly cos ides by acety l at ion, by phos 
phorylati on, o r by adenylyl a ti on. Benve ni s t e a nd Dav ies have s umma ri zed the 
structura l prope rti es of aminog lycos ides necessary fo r t hem to be s ubs trates for 
the se en zymes , a nd have t a bula ted th e ava il abl e i nfo r ma ti on conce rnin g t he dif
fer e nt ty pes of a~ inog l y cos id e mod i fy ing enzymes di scove red to da t e (28 ). Some 
of the ir data are re prod ucea in Tab l es 3 a nd 4. 

Some of these princ ipl es ca n be illu s trat ed with da t a f rom aminog ly cos ide 
resistant bacte ria i sol a t ed at Pa r kl and Memo ri a l Hos pita l. Stra ins of PeeHclo
monas aer>ugi nosa res is ta nt to hi gh l eve l s of gen t amicin (1 00 )J g/ ml or g r eate r) 
we re fo und to contain ace tyltra ns fe rase activiti es a nd t o i nact iva t e gent ami c in 
by acetyl a ti on (15) . Some of th ese st rain s a l so co ntain a kanamyc in phos pho ry
lating e nzyme . Among the gent am ic in r es i s t ant st r a in s , mo st a re s usce pt ibl e to 
tobramycin but a f ew a re res i s t a nt to tobramycin. The acetyltrans f e rase ac tivi
ti es from tobramycin s usceptibl e a nd r es i s t ant s tra in s can be di s tin gui s hed in 
vi t r>o , a nd the diff e rences in s uscep tibility of the bact e ri a t o tobramyc in can be 
explained by diffe rences in the a bili t y o f the acetyl a ting enzymes t o ut ili ze 
tcbramycin as a su bs t rate . Self tran sm i ss ibil e p la smid s de t e rmining genta mi c in 
r esista nce in our st ra in s of Pseudomonas aentgi nosa \•Jere not demonstrated . ·Tobra
mycin res ist ant s train s o f En ter>obact er> cloacae and of Klebsie lla pneumoniae hav e 
also been i so lated from th e burn un it s a t Parkl and Memorial Hos pita l (30). 
Tobramycin res i s tan ce in these s tra in s i s as soc iated with an aminogly cos id e 
ace tylating ac tivit y tha t r esembl es kanamycin acety ltran s f ~rase , and t obramycin 
resist a nce can be read ily tr ansfe rr ed by conj uga tion fr om th ese stra in ~ to an E. 
coli rec ipi ent. These obse rvation s illus trat e t wo othe r po in ts. Fir s t, s train s 
of Pseudomonas ael'uginosa res i s t ant t o high l eve l s of gentami c in a re present in 
Parkland Memorial Hos pita l , pa rticul a rly in th e bu r n unit s , and th e pos sibility 
that they could become di ssemina t ed throughout the hospita l i s real and mu s t be 
constantly monito red. Second, al t hough t obramycin is an expe rime ntal drug whi c h 
has only been used t o a li mited ex t ent he re a t Pa r kl and Hos pita l, a rese rvo ir of 
tobramycin resistan t g ram nega tive bacte ria conta ining se lf tra ns mi ss i b l e R 
factors f o r tobramycin res i s tanc e i s pre s ent in th e hos pital environment. These 
observati ons re infor ce the ba s ic principl e tha t a t enuou s ba l a nce ex ists be twe en 
the deve lopment of e ff ective new antibiotics a nd the evoluti on a nd di ssem ina tion 
of . bact e ri a re s istant to them. Such a balance i s subject to change with ti me. 

One clinically useful frin ge bene fit has r e~ ulted from th e di scove ry of 
bacterial enzyme s tha t modify aminog lyco s id e a ntibio t ic s . These en zymes hil ve 
been used t o devel op e nzyma tic a ssa ys for gentamicin and f o r ot he r am i noglycos id e 
antibioti cs , and s uch assa ys prov id e a rapid a nd accurat e me thod to meas ure the 
concentrati ons of· am in oglycos ides in se rum or o the r body flui ds (31 -34). Ass ay s 
for aminog l ycos idescan a l so be pe rfo rmed by mic robiolog ica l me thods (35-37) or 
by radioi mmunoilssays (38 ,39 ). Such me thods have provid ed an i mpor tant too l for 
studie s on the clini ca l pha rmacology of the aminoglyco s ide a ntibiotic s . 

P!IARMACOWCY 

Although th e re are mino r diff e rences in pha rmacolog i c prope rti es of the 
variou s c lini ca lly use f u l aminog lyco s id es , th e s imil a riti es be twee n th ese drug s 
a r e much more s triking t han the dif f e r ences (7-1 0 ,1 2 ,40). ~/h e n am inog l ycos ides 
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TABLE 3 
(Ref. 28) 

Aminoglycoside Modifying Enzymes 

Enzyme 

K ~ nalll)'Ci n acetyltransfcrasc 
(K ilen 

Gentamicin acetyltransfcrase I 
(GAcT J) 

Gentamicin acetyltransferase 
11 (GAcT II) 

Strcptomycin-spcctinomycin 
adenylyltransfcrase (SIIdt) 

Gentamicin adenylyl
transferase (G Adt) 

Streptomycin phosphotrans-
fcrase (SPT) 

Neomycin-kanamycin I 
phosphotransfcrase (NI'T) II 

Lividomyc.in phosphotrans fer
nse (LvPT) 

Bacterial source 

R<· E. coli 
P. acruginosa 
P. acruginosa 
K. pneumoniae 
E. coli 
P rovidencia 

R+ E. coli 

R+E. coli 
R + K. ptteumoniae 
R+ E. coli 
S. nureus 
P. acruginosa 
R+ E. coli 
P. aeruginosa 
S. aureus 
P. aeruginosa 
R+ E. coli 

TABLE 4 
(Ref. 28 ) 

Modifica tion 

6-amino group of an amino 
hexose is acetylatcd 

3-amino group of 2-dcoxy
streplumine is acctylatcd 

2-amino group of an amino 
hexose is acetylated 

hydroxyl group of a D-threo 
mcthylamino alcohol 
moiety is adenylylntcd 

2-hydroxyl group of an amino 
hexose is adcnylylatcd 

3-hydroxy group of N-mcthyl 
L-glucosamine is phosphory· 
Ia ted 

3-hydroxyl group of an amino 
hexose is phosphorylated 

5-hydroxyl group of o-ribose 
is phosphorylated 

.1! 

.Enzymatic Inactivation of Aminoglycoside Antibiotics 

Antibiotic ln.1c tiv,1. tlng enr.ymcA 

KAcl' GAcT I GAel' II SAdT GAdT SPT NPT I NPT II LvPT 
kanatnyclnA + + + + 

B (+) (+l' + + + 
c + + + 

neomycin n or C C+l + + + 
p.lromomycin + + + 
lividomycin D 0 0 0 + + + 
butirosin <+> +· 0 
vbtnmycln + + + + 
tcntilmicln Cta <+> + + + c, (+l + + + 

c. + + + 
A <+>b + + + 

1isomicin .r""~+) + + + 
lobr.1mycin "<+> + <+lb + 
ncbrnmydn factor 2 
atrcplomycin + + 
spcctinomycin + 
nnK-b .. + 

"The :thbreviatlon.s for the enzymes nrc u-pb lned In Tnblo 2. + m~m :'In enzymatic mocllfication in
acti vn tcl 1hc antibio1ic, ( +) thntlt Is only partb\1)' l n~ c th-otcd, nnd - that It J.s not o au!Jstrate. Zero3 dcnoto 
rCl\t tl ons that ha,·c not been tcl!cd . 

b Thc3c three antibiotic' arCI modiOcd by the cueymc, but nro poor sul.l$tralca nnd u rnlns ore tuend.ally 
aeuaith·c to them, 

e UDK-8 is a new kan:.mycin dcclvntlvc (224) . 
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are administered orally, only traces of the drugs are absorbed from the gastro-
. intestinal tract. The drugs remain biologically act ive within the lumen of the 

gut and exert their antibacterial effect on the norma l flora of the bowel. 
Significant blood leve l s of these drugs are not observed after oral administra
tion except in the pres ence of renal failure, when they may accumulate and reach 
tox ic leve ls. Absorption of aminoglycosides is also poor after topical appl ica
tion to the skin. Neomycin has been used extensively for oral administration to 
patients with hepatic coma, and neomycin is also a component of many creams and 
ointments designed for topical application. The use of gentamicin applied 
topically to patients with severe burns has been associated with the emergence of 
gentamicin resistant bacter ia including Pseudomonas aeruginosa (41), and topical 
use of aminoglycosides other than neomycin is discouraged at the present time. 

For systemic therapy, the aminoglycosides must therefore be injected paren
terally, a nd they are usually administered by the int ramuscular or intravenous 
route. At the present time, streptomycin is use~ primarily in the therapy of 
tuberculosis, but it is also the drug of choice for certain uncommon bacterial 
infections such as plague and tularemia. Kanamycin and gentamicin are widely 
used for the treatment of serious gram negative bacillary infec tion ~ caused by 
organisms that are known to be resistant to other less tox ic antibiotics. In 
addition, kanamycin and gentamicin have been used ex ten s ive ly to provide broad 
coverage against gram negat ive bacilli during initial therapy in patients with 
sepsis of undete rmined etiology. Because of the similariti es between aminogly
cosides and the voluminous literature about these drugs, studies with gentamicin 
will be cited in the foll01-1ing paragraphs to illustrate . the more important 
points about pharmacology of aminoglycosides. Selected data concerning the 
pharmacology of aminoglycosides are also summarized in Table 5. 

The aminoglycoside antibiotics are rapidly absor b1.t! a fter intramuscular 
injection and become di st ributed throughout the extrace llu l ar space of the body 
(42,43). Maximum concentrat ions in serum are observed within one hour after 
intramuscul ar injection. Aminoglycosides do not enter erythrocytes efficiently, 
and almost all of the .aminoglycoside in blood is normally present in the pla sma . 
With the exception of streptomycin, none of the aminoglycosides is significantly 
bound to plasma proteins (44). Binding of streptomycin is weak and probab ly does 
not exceed 35%. The half 1 ife of these antibiotics in plasma in normal adults 
varies somewhat from individual to individual, but is usually between 2 and 3 
hours (45). None of the aminoglycosides is metabolized within the body. Amino
glycosides do not cross the blood-brain barrier efficiently, and maximal concen
trations in cerebrospinal fluid are a small fraction of peak blood levels (46, 
47). The concentrations of aminoglycosides obtained in peri~oneal fluid, pleural 
fl~id, pericardia! fluid, and thoracic duct lymph represent significant fractions 
of blood levels (46,47). 

Elimination of aminog~~cosides from the bod~ occurs primarily by glomerular 
filtration, and aminoglyco~ ides a re neither secreted nor reabsorbed by the renal 
tubule (42,43). Therefore , the cleara nce of aminoglycosides that are not bound 
to plasma proteins approximates the glomerular filtration rate, wf1ile the clear
ance of streptomycin is somewhat less. Small quantities of aminoglycosides are 
excreted in bile, and in patients without obstruction of the cystic duct mean 
gentamicin concentrations are approx ima tely one third of simultaneous se rum 
levels (48). The concentrations of gentamicin and of tobramycin in bronchial 
secretions have been measured in a canine model (49,50) and pea k concentrations 
of gentamicin in bronchial secretions were 26% and 52% of simultaneous blood 
lev~ls at I and 2 hours after injection. 



Drug 

Streptomycin 

Kanamycin 

Gentamicin 

. ...._ Tobramycin 

Amikacin 

TABLE 5 

Summm•y of Pharmacology of Aminoglycosides in 
Adults · ~lith Nomal Renal Function 

Normal Dosage Serum Dosage Peak Concentration 
or Dose Half Studied Average or Range 
St-udied Life Serwn . Ur>ine 

(hours ) (1Jg/ml ) (1J g/mlJ 

0.5-2 g/day 2- 3 500 mg 111 6- 42 300-400 
1000 mg IM 25- 50 1000 

15 mg/kg/day 3 500 mg IM 14-29 
divided ql2h 1000 mg IM 18- 40 Jli0-250 

5 mg/kg/day 1.6-3. 6 I. 25 mg/ kg IM 5- 7 5-100 
divided q8h 

3-4 mg/kg/day 1.6-3 80 mg IM 3.7 ± 0.6 20- 83 
divided q8h 40 mg IM 2.4 ± 0.3 

150 mg/M 2 2.2-2 . 8 250 mg IM 11.9 1000 
q6h 500 mg IM 20.6 

% of Dose 
Excreted 
i n Urine 

50- 60 

50 in 4 hr 

30-100 

60 
60 

75 in 6 hr 



14 

The recommended daily dosages are similar for streptomycin, kanamycin, and 
amikacin; recommended total daily doses for these three aminoglycosides usually 
do not exceed I gm in norma l adults (Table 5). Following equivalent doses, the 
mean peak blood levels of streptomycin, kanamycin, and amikaci~ are simi Jar, and 
mean peak concentrations after intramuscular injection of 500 mg doses of these 
drugs approximate 20 ~g/ml. Very high concentrations of active drug are found in 
the urine during th e first few hours after an intramuscular injection, and 50 to 
100% of _an injected dose is recovered in the urine in 24 hours. The recommended 
dosages of gentamicin and tobramycin on a weight basis are significantly less 
than for the other aminoglycosides. Following intramu scu lar injection of approxi
mately 80 mg of gentamicin or tobramycin, mean peak concentrations of these 
aminoglycosides in serum are approximately 4 or 5 ~g/ml. 

These generalizations concerning the pharmacokinetic responses to various 
dosages of aminoglycoside antibiotics represent averag e values obtained from 
studies with large numbers of patients. With each of the aminoglycosides, 
however, considerable variation is observed in peak blood levels after a stan
dardized dose (47, 51-53). In addition, serum half lives of aminoglycoside 
antibiotics vary considerably from individual to individual, even among patients 
with normal creatinine clearances (45,52). Although the reasons for these 
variations are poorly under s tood; the phenomenon has been well demonstrated for 
several aminoglycosides. Representative data for gentamicin are presented in 
Figures 8 and 9. The data in Figure 8 repre sent serum gentamicin concentrations 
observed one hour after single intramuscular injection s of gentamicin at various 
dosages. The data in Figure 9 represent increments in serum gentamicin concen
tration (AG) after vario~s dos es of gentamicin in patient s receiving multiple 
injections during treatment of bacterial infections. Both sets of data show a 
statistically significant correlation between increasing serum concentration and 
increasing dose of gentamicin, and the mean peak blood level or mean increase in 
blood leve l after standard dosages of gentamicin observed in these studies are 
comparable to other reports in the I iterature (43,47,51). Nevertheless, when 
individual measurements are considered, there is significant scatter in the data. 
Observati~ns such as these suggest that accurate prediction of peak serum levels 
of aminoglyco s ide antibiotics in individual patients treated with standard 
dosages of these drugs is very difficult and may be impossible. The observed 
range of variability in the serum half I ife of aminoglycosides in patients with 
normal renal function further complicates the predict1on of gentamicin blood 
levels during a course of therapy. 

Because aminoglycosides are excreted primarily by glomerular filtration, 
major modifications of dosage must be made in the presence of renal insuffi
ciency. The basic prin~iples to · be considered in modifying the dosage for renal 
insufficiency are simil~r for all aminoglycosides. Data obtained in studies of 
gentamicin will be used to illustrate these principles. After a single intra
muscular dose of ~ntamicin, the peak serum level obtained is independent of the 
degree of renal insufficiency, but the serum half life increases progressively as 
glomerular filtration rate decreases. Based on these observations, Gingell and 
Waterworth suggested that usual doses of gentami~in could be given to patients in 
renal failure if the interval between doses is increased to compensate for 
reductions in glomerular filtration rate (54). They also predicted that more 
sustained blood levels could be obtained by administering a normal loading dose 
of gentamicin f~llowed by smaller doses at more frequent intervals. 

Subsequent investigators have attempted to ~rovide simple rules or nomograms 
for calculating dosages of gentamicin in th e presence of renal failure. McHenry • 
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FIGURE 10 

Relation of serwn half life of gentamicin (T/2) to 
serwn crea-tinine concentration in 24 patients 

(Ref. 45) 

Cutler, and their coworkers (45 ,55 ) noted that the serum half life of gentamicin 
increased almost I inearly with increasing serum creati nine concentration, as 
shown in Figure 10. Ba sed on this emp i rica l relations hj,i1 , the ser um half life of 
gentamicin in hours can be estimated by multiplying th e s e rum creatinine concen
tration (in mg%) by 4. If standard doses of gentamicin (approximately I .5 mg/kg) 
are given after every second half life, excessive accumulation of gentamicin in 
the body will not occur. This has l ed to the practice of estimat ing the appro
priate interval between dos es (in hours) in patients with renal failure by 
multiplying the serum creatinine concentration by 8. When this reg imen is used, 
the interval between doses of gentamic in may be as long as three days. For this 
reason, low blood l evels of gentamicin may be present for relatively long periods 
preceding each dose of gentamicin. Chan, Benner, and Hoeprich, citing the theo
retical desirability of maintaining effective therapeutic l eve ls of gentamicin in 
the serum at a ll times, have recommended that gentamicin be given in smaller 
doses at more frequent inte rvals to patients with renal insuffici ency (56). 
Based on an approximately I inear correlation between the e limination constant for 
gentamicin and creatinine clearance, they have devised a nomogram to estimate 
appropriate maintenance doses of gentamicin at ~arious creatinine clearances 
(Fig. II). In tneir system, a loading dose of 1.} mg/kg i s administered to a ll 
patients, and ap~ropriately reduced doses are given subsequently at interva ls of 
8 hours. 

Although these regimens for use of gentamicin in patients with renal insuf
ficiency are based on logica l principles, several practical problems may occur 
when they are used. As mention ed above, measurements of serum gentamicin concen
trations have shovm that the accuracy of predicting blood levels of gentamicin 
based on standardized regimens i s limited . In addition, accurate data correlat
ing blood l eve ls of gentamicin with effectiveness of therapy in specific bacterial 
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Dosage Nomogram for Patients fvi th Renal Fai ture 
(Ref. 56) 

infections are limited (56), and clinical data comparing the results of therapy 
with variable dosage and variable frequency regimens for adm ini stration of 
gentamicin in patients with renal failure are compl~tely lacking. 

When aminoglycoside antibiotics are used in patients with severe renal 
failure, the effects of peritoneal dialysis and hemodialy s is on dosage regimens 
must also be considered. Again, data concerning gentamicin are used to i llus
trate the principles involved. The clearance of gentamicin has been measured 
both during peritoneal dialysis and during hemodialysis in man. \~hen a single 
dose of gentamicin was given before peritoneal dialysis, the serum half life of 
gentamicin during dialysis was 12.5 hours (58). Peritoneal clearance of genta
micin during dialysis is in the range of 7 to 20 ml/min (59,60). Available data 
suggest that approximately 25 to 40% of an administered dose can be e liminated 
during a 24 hour period of peritoneal dialysis. In patients with peritonitis 
undergoing peritoneal dialysis who receive intramuscular gentamicin, concentra
tions of gentamicin obse rved in dialysis effluent were much less than simul
taneous blood l eve ls (61). Since gentamicin is not bound to serum protein and 
can equilibrate between peritoneal fluid and blood by diffusion, it is possible 
to maintain stable concentrations of gentamicin in serum and peritoneal fluid 
during dialysis by incorporating gentamicin into the dialysis fluid at the 
desired concentration (usually about 5 mg/liter) (61,62). Clearance of tobra
mycin by peritoneal dialysis appears comparable to the experience with gentamicin 
(63). During he~bdialysis, the dialysance values for gentamicin may vary as much 
as two to three fo 'ld with different art ifici a l kidneys, and dialysance values 
varied from 28 to 71 ml/min in four different a~tific i a l kidneys t~sted (64). 
These should be compared to renal gentamicin c learances of 90-130 ml/min in 
adults with normal kidneys. Thus, substantial removal of gentamicin during 
hemodialysis can be expected . In functionally anephric patients undergoing 
hemodialysis at intervals of 2 to 3 days at Parkland Memorial Hospital, we have 
usually begun gentamicin therapy with a dose of 1.5 to 2 mg/kg and have repeated 
the dose at the completion of each hemodialysis. 
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I 

j 



[ 

18 

TOXICITY 

It is well known that aminoglycosides are potentially tox ic drugs, and among 
the serious side effects ne phrotoxicity and ototox icity are prominent (12). 
Toxicity can occur with doses of aminoglycosid es comparable to or slightly above 
those optimal for thera py, so there i s a narrow margin of safety for thes e drugs. 
In addition to ototoxicity and nephrotoxicity, many other toxic effects occur and 
can be separated ihto three general groups (65,66). Reactions occurring imme
diately after administration· of the first dose of an aminoglycoside can be 
related e ither to direct pharmacological ac~ivities or to allerg ic reac tions from 
prior sensitization to these drugs. Reactions occuring during the course of 
therapy may be due to sensitization or to other poorly defined mechanisms. 
Because aminoglycos ides have a broad s pectrum of antibacterial activity, suppres
sion of normal bacterial flora may result in complications that are secondary to 
the antibacterial activity of the drug s . Pseudomemb ranous enterocolitis asso
ciated with oral administration of aminoglycosides is a good example of this 
problem (67). 

TABLE 6 
(Ref. 65) 

Swnmary of Adve1ose Reactions to Kanamycin (FDA Files) 

Total Drug-Relat ed Reactions 

1. Nephrotoxicity 
a. Includes 2 deaths 
b. Includes 3 cases with VIII n. damage 

2. Ototoxicity 
4 with complete hearing loss 

3. Respiratory Death (I.P. admin.l 

4. CNS 
a. Bulging fontanelle 
b . Acute brain syndrome, hysteria 
c. Blurred vision 

5. Anaphylactic Shock 

6. Hyper sensitivity Skin Reactions 

1 case 
1 case 
4 cases 

43 Cases 

11 cases 

14 cases 

1 case 

6 cases 

2 cases 

9 cases 

A summary of adve rse reactions to kanamycin i s presented in Table 6. 
Although the incid~1ce of specific adverse reactions may va ry with different 
aminoglycosides, the types of reactions 1 isted here are typical. Seve ral anti
biotics including ~minog lycosides are weak neuromu scular blocking agents and have 
a curare 1 ike activity. If d-tubocuranine is a ~s igned a relative ~euromu scular 
blocking activ ity of 1,000, then the activity of po lymyxin D would be 5, neomycin 
2.5, streptomycin 0.7, dihydrostreptomycin 0.6, and kanamycin 0.5 (68) . Fatal 
respiratory paralysi s may occur due to this neuromuscular blockade, and has been 
observed most frequently when kanamycin or neomycin is admini ste red intraperi
toneally in excessive doses to surgical patient s who have rece ived anesthetics 
and muscle relaxants such as succinylcholine (12,65). "Administration of amino
glycosides to patients with myasthenia gravis may aggravate mu scle weakness (69). 
Periphera l neuropathy has been repo rted after administration of 500 mg of kana
mycin su lfate into the vertebral canal at the time of a lumbar disc operation 
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(70). An anecdotal report of neuromuscuiar blockade follo ... ling administration of 
gentamicin to two pat ients who had received prior courses of therapy with strep
tomycin or kanamycin has been made (71). Fortunately, this complication is 
extremely rare, and the neuromuscular blockade following administration of 
aminoglycosides is reversible and responds to infusion of calcium salts or admin
istration of cholinesterase inhibitors. Anaphylactic shock and hypersensitivity 
skin reactions occur infrequently after treatment with aminoglycosides (65). 
Other adverse reactions that have been reported dur ing therapy with gentamicin 
include nausea, vomiting, rash, urticaria, decreased hematocrit, and depression 
of granulocytes (66). These· are rare and have all been reversible. 

TABLE 7 
(Ref. 66) 

Comparison of Ototoxicity of Aminoglycosides 

Number 
Antibiotic Sourco of Dnta of Otot-oxicity 

C:l..:ies 

Flueoold tl alii (1958) 106 6 · 7% 
Kana~nycln .. lJri~ tc, J Laboro.tory rnetllcnl 

file' 1,815 4·0% 

Neomycin \Ynl-;bren and Spin!< (Hl50) 64 a~ :g~ Cnrr tl alii (1 950) 6 

Streptomycin .. Keefer aud Hewitt (19-18) 1,957 8·6% 

Gentamicin .. Schering: mellical tiles 1,3t7 2·3% 

Good epidem iologica l data are availab l e concerning the incidence and types 
of ototoxic manifestations associated with various aminoglycoside antibiotics. 
Incidence data for kanamycin, neomycin, streptomyc in, and gentamicin are sum
marized in Table 7. Significant ototoxicity occurs in 2 to 6% of patients 
treated with these antibiotics (66). Hearing loss, vestibular dysfunction, or 
both may occur. The histological lesion associated with ototoxic ity is Joss of 
hair cells in the cochlea or semicircular canals (66,72). Streptomyc in and 
gentamicin ·cause vestibular damage more frequently than deafness, while neomycin 
and kanamycin are more I ike ly to cause deafness. When audiometry is performed, 
high frequency hear ing loss occurs more frequently and may precede the develop
ment of symptomatic hearing loss. Finegold analyzed variables associat e d with 
kanamycin ototoxicity and found that patients with ototoxicity had received 
larger average daily doses, longe r courses of therapy, and larger total doses of 
kanamycin than patients without ototoxicity (Tabl~ 8). Arci e ri (66), Jackson 
(73) and their collaborators have reviewed ototox icity associated with gentamicin 
(Table 9). Prior t (hera py 1-lith ototox ic drugs, including any of the aminoglyco
side, and age abov~ 50 years were significant risk factors. Renal functional 
impairment prior to therapy was present in 20 of 33 patient s who developed 
ototoxicity, and gentamicin serum levels above 10 pg/ml were detected in 8 of 13 
patients in whom serum levels were obtained. The widely quoted recommendation 
that peak serum levels of gentam icin should not exceed 10 pg/ml is based pri
marily on these observations of risk factors for ototoxicity with gentamicin. 
There are no sat i sfactory data available to correlate peak serum levels of 
gentamicin with other forms of toxicity. 
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TABLE' 8 
(Ref. 65) 

Relation of Jlge and Dosage ·to Kanmnycin Ototoxicity 

---

Category 

Total Group 
(106 patients) 

Patients with Ototoxicity 
( 22 patients) 

Patients without Ototox-
icity ( 84 patients) 

Average Average 
Total Daily Dose 

Dose (g) mg/kg wt 

28.2 27.6 

46 .7 36.0 

23.3 25.2 

TABLE 9 
(Ref. 66) 

-

Ave rage 
Number Average 

Days Age 
Therapy 

15.6 52.9 

20.3 50.8 

14.6 53.4 

Factors Possibly Related to Ototoxicity (31 Cases) 

Characteristics 

Renal functional impairment 
Prior ototoxic drug therapy 
Age about 50 years 
El evated serum gentamicin level* 

NwnbeY. of 
Patients 

?. 
ltf 
13 
8 

(10 pg/m l to 
40 pg/m l) 

* Serwn levels were available in only 13 of the 31 cases 

The study of gentamicin nephrotoxicity i s more e lusive than ototox icity. 
Based on the retrospective study of patients with acute renal failure, prior 
the rapy with gentam icin is a significant risk factor for the development of rena l 

"-..... failure. Schultze and collaborators conc luded that gentamicin was the major 
factor in the deve lopment of acute r ena l failur e i n 4 of 22 patients ~nd was a 
contributing factor in 2 additiona l patient s (74). Among pati ents trea t ed with 
kanamycin or gentamicin, e l eva ti ons of BUN or c reatin ine during the rapy are 
common (65,75). In a reJ~ew of 117 patients treated with kanamycin a t Pa r k l a nd 
Memorial Hospital, Sa nford r epo rted tha t 4 pa ti ent s . with norma l rena l function at 
the start of therapy developed acute renal failur e with maximal values of BUN 
exceeding 100 mg% (7 6). Ear l y experience with gentam ic in is s hown in Tabl e 10. 
Among 131 pat ients treated with gentamici n in whom pretreatment values of BUN 
were a va il ab l e, 68 had some increase in BUN, and 31 of these had increases of BUN 
from norma l to abnorma l or from abnorma l to markedly e l evated values (7 5). 
Wil fert r evi ewed the records of 100 consecutive patients treated wit h gentamic in 
and id entifi ed 5 in whom gent amic in was felt to be the major cause of deter iorat
ing renal function (77). Hewitt has reviewed 1,450 cases treated with gentamicin, 
among whom 70, or 4.8%, had evid ence of decreas ing renal function during thera py 
(78). The majority of these patients had pre-exist ing renal disease which became 
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TABLE 10 
{Re f. ?5) 

Changes from P1•etreatment Values of BUN During or 
After Therapy With Gentmnicin Sulfate in 131 Patients* 

Changes in BUN 

No increa se: 
Values within normal rang< (5 - 22 mg/ 100 mil 
Initial value s abnormally high ( > 22 mg/ 100 , ~ () . 
.. No change," .va lues not gi ve n by investigator 

Total 

Increase dul ing or afte r treatm ent: 
Increa se ' y.. ithin normal range 

Increase from normal to abnormally hi gh .. 
Increa se fr o m abnormally hig h to higher values . . 

Total 

Num~ 

her of 
pati\!11ts 

.. . . >J 
. II 
. 19 

. . . 63 

. . 37 

. . 19 
12 

. . . .. 6R 

• From file of ca ses reported to Schering Corp .. Bloom-
field, N.J . 

worse during therapy with gentamicin. Among 7 patients with gentamicin nephro
toxicity whose renal function was apparently normal at the start of therapy, 4 
had received e ithe r cephalothin or cephaloridine in addition to gentamicin. 
Other investigators have also suggested that simultaneous administration of 
gentamicin with cephalosporins may increase the risk of nephrotox icity (79,80). 
Acute renal failure associated with gentamicin therapy has usually been r eve rsi
ble. Prospect ive studie - are urgently needed to define clearly the factors 
associated with high risk for the development of gentamicin nephrotoxicity. 

Several techniques are now available to permit the measurement of concentra
tions of gentamicin or other aminoglycosides in ser um or other body fluids (31 -
39). Several investigators have recommended monitoring gentamicin therapy with 
blood leve ls, but specific indications for performing such assays are not clearly 
defined. In a pros pective study of 100 patients treated with gentamicin, Dahlgren 
and Hewitt measured both peak and trough concentrations of gentamicin in serum 
(81). They made the interest ing observation that rising values of creatinine 
concentration during therapy occurred in approximately one third of patients with 
trough levels above 2 ug/ml but did not occur in patients with trough l eve l s less 
than 2 ug/ml. Goodman and collaborator s have studied patients at Parkland 
Memorial Hospital and have confirmed a correlation between gentam icin trough 
levels above 2 pg/ml and rising serum creatinine concentrations du~ing the rapy 
with gentamicin (53). It is not yet estab li shed whether trough l eve l s , peak 
leve ls, total dose of ge~tamicin; or some combination of these variables has 
primary importa nce fo~ t he development of nephrotoxic ity in man. Therapy with 
gentamicin shou ld be reserved for se riou s ly ill patients with presumed sepsis or 
with infection~ by bacte ria that are resistant to less toxic antibiotics . For 
this reason, most patients who have developed renal failure during therapy with 
gentamicin were il 1 patients receiving multiple drugs who a lso had other physio
logical derangements that could contribute to renal failure. Well designed 
prospect ive stud ies with l arge numbers of patients will be necessary to sort out 
these variables and to define the mechanisms associated with aminoglycos id e 
nephrotox icity in man. 
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MONITORING BLOOD LEVELS OF GENTAMICIN 

At the present time, the following indi·cation.s for measuring serum concen
trations of gentamicin should be considered. Measurements of peak levels are 
useful to document that a "therapeutic" concentration of the antibiotic is 
achieved during therapy. Peak levels should probably be determined in infections 
with gentamicin susceptible bacteria that do not respond promptly to therapy and 
in infections with relative ly resistant organ isms when maximal therapeut)c blood 
levels may be essential. In practice, hovJever , lack of clinical response has 
been an uncommon reason for determ ining serum levels of aminoglycosides. Mea
surements of trough levels are most helpful in patients who are likely to accu
mulate the drug and who might be subject to an increased risk of the toxit side 
effects of gentamicin. Measurement of trough levels of gentamicin seems indi
tated in patients with deteriorating renal function, in patients receiving 
prolonged courses of therapy, and in patients with stable renal insufficiency 
tr.eated by variable dosage regimens in order to maintain persistently high serum 
concentrations of the drug. 
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