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  The aminoglycoside antibiotics are important 
chemotherapeutic agents for treatment of 
serious gram-positive and gram-negative infec-
tions. However they are limited in clinical 
use primarily because of their oto- and nephro-
toxic potential, though there are marked 

quantitative differences among the antibiotics 
with respect to such toxicity. The oto- and 
nephro-toxicity of antibiotics are not neces-
sarily reflected in their acute lethal toxicity 
(LD50). However, it has generally been 
recognized that the aminoglycoside antibiotics 
with greater acute toxicity are prone to have 
more toxic potential on the renal, auditory 
and/or vestibular functions. 1.2,3.4) 
  It has been a common practice in laboratories 

to determine the acute LD60 of any new anti-
biotic or derivative at an early stage of works 
to estimate the toxic potential of the material 
under study. The LD50 value reported with 
an aminoglycoside antibiotic often differs con-
siderably between laboratories. Such varia-
tion may be explained by several factors such 
as the strain, sex and age of the animals, the 
volume and rate of injection, and the pH of 
the antibiotic solution administered to the 
animals. A significant pH effect on the acute 
intravenous toxicity has been reported with 
kanamycins A and B.5) 

  The present paper reports the comparative 
acute intravenous toxicity of various amino-

glycoside antibiotics determined under the 
same experimental conditions. Male albino 
mice of dd strain weighing 18-20g were 
injected via the tail vein with graded doses 
of antibiotic solution. Each antibiotic was 
dissolved in distilled water and the pH of the 
solution was adjusted to 6.0±0.1 by N/10 
sulfuric acid. The injection volume was 
standardized at 0.2 ml per 10 g of body weight 
and the injection speed was 0.4 ml/7 seconds. 
The animals were given food and water ad

libitum before and during the experiment, and 
observed for 4 days following treatment to 
record the mortality. Results of multiple 
tests were combined, and the LD50 and ranges 
were determined according to the method of 
MILLER and TAINTER.6) 
 The antibiotics examined in the present 

study include natural and semisynthetic amino-

glycoside antibiotics,* all having a 2-deoxy-
streptamine (DOS) moiety in the molecule. 
They are classified into three groups, I, II 
and III, according to the types of glycosidic 
substitution on the DOS ring. Group I con-
sists of the pseudodisaccharides which have a 

pyranose sugar attached to the C-4 hydroxyl 
group of DOS, and includes neamine (1), 4'-
deoxyneamine8) (2), 3', 4', 5, 6-tetradeoxy-
neamine (3), 1-(L-r-amino-a-hydroxybutyryl) 
neamine9' (l-AHB-neamine, (4) and 4'-deoxy-
1-AHB-neamine8) (5). Structures of these 
compounds are shown in Fig. 1.

Fig. 1. Structure of Group I antibiotics
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 * The antibiotic samples employed in the 

present study were mostly isolated in our labora-
tories except for kanamycin B and 3',4'-dideoxy-
kanamycin B (Meiji Seika Co.), lividomycins A 
and B (Kowa Co.), paromomycin I (Sankyo Co.), 
tobramycin (Eli Lilly & Co.) and gentamicin C 
complex (Schering Corp.). Separation of genta-
micin C complex into its individual components, 
C1, C2 and C,e, was performed by the published 
method.19). 3', 4', 5, 6-Tetradeoxyneamine (3) 
was prepared by a method similar to that 

published by S. UMEZAwA et al.10I for the prepa-
ration of 3', 4'-dideoxyneamine.
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 Group II antibiotics are those having a 0-

pyranosyl and O-furanosyl substitutions at C-4 
and C-5, respectively, of the DOS ring. This 

group is further classified into 3 subgroups 
according to the number of cyclic moieties 
in the antibiotics. Thus, group IIa (3 rings, 
Fig. 2) includes ribostamycin9.11) (6), 5-
xylosylneamine°' (7), 4'-deoxy-xylosylneamine8) 

(8), butirosin As.12) (9), 4'-deoxybutirosin A7) 
(10) and Bu-1709E,13) (11). Antibiotics of

group II. (4 rings, Fig. 3) have an additional 
pyranose sugar attached to the C-3" position 
of the D-ribose portion, and include neomycins 
B and C (12, 13), paromomycin I (14) and 
lividomycin B14) (15). Lividomycin A (16), 
the 4"'-mannosyl derivative of lividomycin 
B, provides the sole example for group II, 

(5 rings, Fig. 3). 
 Group III antibiotics, which have two 

pyranosyl substitutions at the C-4 and C-6 
hydroxyl groups of the DOS moiety, con-
stitute an important series of aminoglycoside 
antibiotics including kanamycins A, B and C 

(17, 18, 19), tobramycin15)(20), 3', 4'-dideoxy-
kanamycin B11) (DKB, 21), gentamicins C1, 
C2, C1a11) (22, 23, 24) and amikacin18> (BB-K8, 
25). 
 The acute intravenous toxicities of the 

above 25 antibiotics are shown in Table 1.

These data suggest a definite relationship be-
tween the toxicity and structure of these 
antibiotics. 
 The acute toxicities of group I antibiotics 

were compared with that of neamine (1), a 

principal component of most aminoglycoside 
antibiotics. AHB acylation at the C-1 amino 

group reduced the toxicity to nearly one-half 
as seen in the comparison of 1 vs 4 and 2 vs 5. 
Deoxygenation of the C-4' hydroxyl group 
also lowered the toxicity to an appreciable 
extent (1 vs 2, 4 vs 5), while 3', 4', 5, 6-
tetradeoxyneamine (3) was twice as toxic as 
1. 

 A pentosyl substitution of neamine at the 
C-5 hydroxyl of the DOS ring caused a 
marked reduction in toxicity, and ribostamycin 

(6) and its xylosyl congener (7) were less than 
half as toxic as neamine. The toxicity-
decreasing effect of pentose addition can also 
be recognized by comparing 4 vs 9 and 5 vs 10. 
No significant difference is found between 
ribosyl and xylosyl substitution as can be seen 
in the toxicity of compounds 6 and 7. It has 
been reported9) that these two compounds are 
also similar with respect to their antimicrobial 
activity. The toxicities of other group II

Fig. 2. Structures of Group IIa antibiotics
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Table 1. Acute intravenous toxicity of aminoglycoside antibiotics

Group 

I 

 II3  

IIb 

 IIC 

 III

Compound 

1 

2 

3 

4 

5 

6 

7 

8 

9 

   10 

   11 

   12 

   13 

   14 

   15 

   16 

   17 

   18 

   19 

   20 

  21 

   22 

   23 

   24 

   25

      Antibiotic name 

Neamine 

4'-Deoxyneamine 

3', 4'. 5.6-Tetradeoxyneamine 

1-AHB-neamine 

4'-Deoxy-l-AHB-neamine 

Ribostamycin 

5-Xylosylneamine 

4'-Deoxy-5-xylosylneamine 
Butirosin A 

4'-Deoxybutirosin A (Bu-1975C,) 

Bu-1709E, 

Neomycin B 

Neomycin C 

Paromomycin I 

Lividomycin B 

Lividomycin A 

Kanamycin A 
Kanamycin B 

Kanamycin C 

Tobramycin 

3', 4'-Dideoxykanamycin B (DKB) 

Gentamicin C, 

Gentamicin C., 

Gentamicin C1 

Amikacin (BB-K8)

No. of 
test 

4 

3 

1 

2 

3 

5 

3 

2 

5 

5 

1 

3 

1 

2 

2 

2 

7 

4 

2 

6 

3 

3 

2 

4 

5

LD;,, in mg,'kg 
   (range) 

125 (121-129) 
195 (181209) 
60 ( 44- 76) 

260 (247--273) 
330 (318342) 

260 (250270) 
280 (265295) 
280 (260 300) 
520 (502538) 
520 (515526) 
890 (656 -944) 

24 (21- 27) 
44 ( 37 51) 

160 (145-175) 
140 (130-„ 150) 

280 (252 308) 

280 (269291) 
132 (124- 140) 
225 (198252) 
79 ( 74-- 84) 
71 ( 67-- 75) 
88 ( 78~ 98) 
70 (65--- 75) 
70 ( 59- 81) 

300 (285--315)

antibiotics are compared with that of 6 or 7. 
AHB acylation at C-1 of the DOS ring reduced 
the toxicity to about one-half (7 vs 9, 8 vs 10) 
as in the case of group I antibiotics. On the 
other hand C-4' deoxygenation was not 
effective in lowering the toxicity of group II, 
antibiotics (7 vs 8, 9 vs 10) in contrast to its 
effect observed with group I. Replacement 
of the C-6' amino group by a hydroxyl group 
considerably reduced the toxicity (9 vs 11). 
The antibiotic activity of 11 has been reported 
to be much lower than that of 9.13) 

 Substitution of the C-3" hydroxyl group of 
ribostamycin (6) with a 2, 6-diaminohexose 

gives rise to neomycins B(12) and C(13), which 
were 6-10 times more toxic than 6. Paromo-
mycin 1(14) is the 6'-deamino-6'-hydroxy 
derivative of 12 and showed markedly lower 
toxicity than 12 indicating a significant con-

tribution of the 6'-amino group to the toxicity 
of these antibiotics. Lividomycin B (15) is 
synonymous with 3'-deoxyparomomycin I, and 

the fact that 15 showed about the same level 

of toxicity as compared with 14 suggested a 
minimal effect of 3'-deoxygenation on the 

toxicity of group II antibiotics. Lividomycin 
A(16) (4"'-mannosyl-lividomycin B) was only 

one-half as toxic as 15, indicating an apparent 
toxicity-reducing effect of the mannosyl sub-

stitution. 
 The acute LD50's of group III antibiotics 

were compared with that of kanamycin B(18) 

because it includes the basal moiety neamine 
in the molecule. Kanamycin A(17), which 

is the 2'-deamino-2'-hydroxy derivative of 18, 
was much less toxic than 18 (greater than 
50 % reduction). Similar toxicity-reducing 

effect of deamination was also seen with
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Fig. 4. Structures of Group III antibiotics
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kanamycin C(19), the 6'-deamino-6'-hydroxy 
derivative of 18, though the effect was greater 
with the C-2' amino group. In contrast to 
the group II antibiotics, deoxygenation at the 
C-3' hydroxyl group showed a significant 
enhancement of toxicity in the group III anti-
biotics which have a 2'-amino function as 
was seen with tobramycin (3'-deoxykanamycin 
B, 20) and 3', 4'-dideoxykanamycin B(21). On 
the other hand 4'-deoxygenation is likely to 
have little effect on the toxicity judging from 
the nearly equivalent toxicity of 20 and 21. 
Toxicities of the gentamicin C components 
(22, 23, and 24), all of which lack the 3'-
hydroxyl group, were similar to those of 20 
and 21. Toxicity-reducing effect of AHB 
acylation in group III antibiotics (17 vs 25) 
was not significant as compared with that 
observed with the group II antibiotics. 

 It seemed rather unusual that the 3'-
deoxygenation of paromomycin did not in-
tensify the toxicity to an appreciable extent 
(14 vs 15), since deoxygenation vicinal to an 
amino function generally resulted in the 
enhancement of acute toxicity as exemplified 
in several of the group III antibiotics (20 
through 24). Recently UMEZAWA et a1.20) sug-

gested, in their studies on the enzymatic 

phosphorylation of lividomycin and ribo-
stamycin, that the 3'-hydroxyl group of ribo-

stamycin might be located close to the 5"-
hydroxyl group of the ribose moiety and 
hence a single enzyme phosphorylates the 

3'-hydroxyl of ribostamycin as well as the 
5"-hydroxyl of lividomycin which lacks the 

3'-hydroxyl group. The minimal toxic effect 
of 3'-deoxygenation found in lividomycin 

might also be explained by the suggested con-
formation of the antibiotic where the 5"-

hydroxyl group would be performing the 
function of the 3'-hydroxyl group which is 

missing.

                References 

1) RUBEN, R. J. & J. F. DALY: Neomycin 
   ototoxicity and nephrotoxicity. Laryngoscope 
  78: 1734, 1968 

2) BLACK, J.; B. CALESNICK, D. WILLIAMS & 
   M. J. WEINSTEIN: Pharmacology of gen-

   tamicin, a new broad spectrum antibiotic. 
   Antimicr. Agents & Chemoth.-1963: 138-147, 

  1964 
3) HAWKINS, J. E., Jr.; L. G. JOHNSSON & J. M. 

   ARAN: Comparative tests of gentamicin 
   ototoxicitv. J. Infect. Dis. 119: 417.426, 

  1969 
4) REIFFENSTEIN, J. C.; S. W. HOLMES, G. H. 

   HOTTENDORF & M. E. BIERWAGEN: OtOtoXi-
   city studies with BB-K8, a new semisynthetic 
   aminoglycoside antibiotic. J. Antibiotics 26: 
   94-100, 1973 
5) WAKAZAWA, T.; Y. SUGANO, M. ABE, S. 

   FUKATSU & S. KAWAJI: Studies on kana-
   mycin B. I. Isolation of kanamycin B and its 

   chemical and biological properties. J. Anti-
   biotics, Ser. A 14: 180-186, 1961 
6) MILLER, L. C. & M. L. TAINTER: Estima-

   tion of the ED50 and its error by means of 
   logarithmic-probit graph paper. Proc. Soc. 

   Exp. Biol. Med. 57: 261264, 1944 
7) KAWAGUCHI, H.; K. TOMITA, T. HOSHIYA, 

   T. MIYAKI, K. FUJISAWA, M. KIMEDA, K. 
   NUMATA, M. KONISHI, H. TSUKIURA, M. 
   HATORI & H. KOSHIYAMA: Aminoglycoside 

   antibiotics. V. The 4'-deoxybutirosins (Bu-
   1975C1 and C2), new aminoglycoside anti-

   biotics of bacterial origin. J. Antibiotics 27: 
  460-470, 1974 

8) KONISHI, M.; K. NUMATA, K. SHIMODA, H. 
   TSUKIURA & H. KAWAGUCHI: Amino-

   glycoside antibiotics. VI. Structure deter-
   mination of 4-deoxybutirosins (Bu-1975C1



681VOL. XXVII NO. 9 THE JOURNAL OF ANTIBIOTICS

   and C2). J. Antibiotics 27: 471.483, 1974 
9) TSUKIURA, H.; K. FUJISAWA, M. KONISHI, 

    K. SAITO, K. NUMATA, H. ISHIKAWA, T. 
    MIYAKI, K. TOMITA & H. KAWAGUCHI: 

   Aminoglycoside antibiotics. III. Bio-active 
   degradation products from butirosins and 
    semi-synthesis of butirosin analogs. J. Anti-

   biotics 26: 351357, 1973 
10) UMEZAWA, S.; T. TSUCHIYA, T. JIKIHARA 

    & H. UMEZAWA: Synthesis of 3', 4'-di-
   deoxyneamine active against kanamycin-
    resistant E. coli and P. aeruginosa. J. 

   Antibiotics 24: 711-.712, 1971 
11) SHOMURA, T.; N. EZAKI, T. TSURUOKA, T. 

    NIWA, E. AKITA & T. NIIDA: Studies on 
    antibiotic SF-733, a new antibiotic. I. Tax-
    onomy, isolation and characterization. J. 
   Antibiotics 23: 155161, 1970 
12) Woo, P. W. K.; H. W. DION & Q. R. BARTZ: 
   Butirosins A and B, aminoglycoside antibio-

    tics. I. Structure units. Tetrahedron Letters 
   1971-28: 26172620, 1971 

13) TSUKIURA, H.; K. SAITO, S. KoBARU, M. 
   KONISHI & H. KAWAGUCHI: Aminoglycoside 
    antibiotics. IV. Bu1709E1 and E2, new amino-

   glycoside antibiotics related to butirosins. 
   J. Antibiotics 26: 386388, 1973 

14) MORI, T.; T. ICHIYANAGI, H. KONDO, K. 
    TOKUNAGA, T. ODA & K. MUNAKATA: 

   Studies on new antibiotic lividomycins. II. 
   Isolation and characterization of lividomycins

    A and B and other aminoglycosidic anti-
    biotics produced by Streptomyces lividus. J. 

   Antibiotics 24: 339346, 1971 
15) KOCH, K. F. & J. A. RHOADES: Structure 
    of nebramycin factor 6, a new amino-

    glycosidic antibiotic. Antimicr. Agents & 
    Chemoth.-1970: 309313, 1971 
16) UMEZAWA, H.; S. UMEZAWA, T. TSUCHIYA 

    & Y. OKAZAKI: 3', 4'-Dideoxykanamycin B 
    active against kanamycin-resistant Escherichia 
    coli and Pseudomonas aeruginosa. J. Anti-
   biotics 24: 485.487, 1971 

17) WEINSTEIN, M. J.; G. M. LUEDEMANN, E. M. 
    ODEN & C. H. WAGMAN: Gentamicin, a 

    new broad-spectrum antibiotic complex. 
    Antimicr. Agents & Chemoth.-1963: 1-7, 

   1964 
18) KAWAGUCHI, H.; T. NAITO, S. NAKAGAWA 

    & K. FUJISAWA: BB-K8, a new semi-
   synthetic aminoglycoside antibiotic. J. Anti-

   biotics 25: 695-708, 1972 
19) WAGMAN, G. H.; J. A. MARQUEZ & M. J. 

   WEINSTEIN: Chromatographic separation of 
   the components of the gentamicin complex. 

   J. Chromatogr. 34: 210215, 1968 
20) UMEZAWA, H.; H. YAMAMOTO, M. YAGISAWA, 
    S. KONDO, T. TAKEUCHI & Y. A. CHABBERT: 
   Kanamycin phosphotransferase 1: Mechanism 
    of cross resistance between kanamycin and 

   lividomycin. J. Antibiotics 26: 407-411, 
   1973




