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I n  z 4 r o  and in i t i '~w biological evaluation of 
t r iace t yloleandom!*cin. * the f ull j- ace tjvla ted 
derivative of the antibiotic oleandomycin. 112th 

been reported ( 1 ) . During extensive esamina- 
tion of this new antimicrohial agent. pa1)er- 
gram-bioautograph investigation of chromato- 
grams made from sera and urine samples 
taken from normal volunteers who had in- 
gested triacetyloleandomycin. led to charac- 
terization and identification of 6 different bio- 
logically active compounds ( 2  ) . This i l l  i1ipLw 
conversion is considered unique. since it has 
not been reported for an!* other antibiotic. 
This paper documents in vitro and i i i  2 i v o  
evaluation of these various acetylated esters 
of oleandomycin. studied as independent 
chemical en ti ties. 

Tri ace t y1 ol ea n d o- 
mycin. as well as its hydrolytic conversion es- 
ters, 2.3-diacetyloleandomycin : 1.3-diacetylo- 
leandomycin : and 3-nionoacetyloleando1ii~cin. 
were utilized as crystalline preparations. The 
3 remaining esters, 1.2-diacetyloleandoiii~ciii : 
2-monoacetyloleandomycin : and 1 -monoace- 
tyloleandomycin. were used as homogenous 
amorphous preparations. The chemical prop- 
erties and preparation of these acetyl esters of 
oleandomycin have been reported by ('elmer 
c't a1.(3) .  / ) I  v i f r o  sensitivitJ- studies were 
done in brain heart infusion broth (Difco) 
utilizing the common 2-fold serial dilution 
technic. All bacterial cultures used are rou- 
tinely maintained by daily transfers. Sormal. 
or antibiotic sensitive, microorganisms were 
employed as well as antibiotic resistant 
strains, all recent clinical isolates. F:xperi- 
mental infections in mice were produced Ijy 
intraperitoneal inoculation of standardized 
cultures(4). Again! both antibiotic sensitive 
and antibiotic resistant clinical strains of 

*Trade name of J .  B. Rcerig and Co. Division, 
Chas. Pfizer and Co., for triacetyloleandomycin is Tao. 

t Trade name of Chas. Pfizer and Co., Inc., for 
antibiotic oleandomycin is Matromycin. 

.1 I n  f erinls N nd 111 c t hods. 

Stciphylococcus aureus were studied. Therapy 
was accomplished by oral administration of 
the experimental compound one half hour 
after infection. As reported in evaluation of 
triacetyloleandomycin: dosage range was from 
200 by doubling dilutions to 12.5 mg/kg. All 
results have been calculated, and are presented 
as the Effective Dose 50% (total weight of an- 
tibiotic which protected 50% of mice) and in- 
clude 19 20 confidence limits(5). Forty to 
80 mice were used at  each dosage level, de- 
pending upon supply of each experimental 
sample. Pure bred beagles were used as ex- 
perimen tal animals in serum level determina- 
tions. In each instance, 10 mg/kg of ma- 
terial was administered orally. A small sam- 
ple of blood was removed a t  0, 1: 3,  5, and 7 
hours by jugular venipuncture. Immediately 
after the drawing, blood was allowed to clot 
a t  refrigerator temperature. Then serum was 
removed and assayed by a plate microbiologi- 
cal method with Sarcina Zutea as the test mi- 
croorganism. All results indicating biological 
activity in serum are expressed as oleandomy- 
cin base activity. 

Rrsults. The anti-microbial activity of 
oleandomycin, triacetyloleandomycin, and the 
various partially-acetylated esters is presented 
in  'Table I. As indicated earlier, triacetylo- 
leandomycin undergoes a process of de-acetyl- 
ation in vivo to a number of diacetyl and 
monoacetyl esters. Such a process does not 
occur in vitro in usual bacteriological media 
( 1 ) . 'I'riacetyloleandoniycin is approximately 
4 to 8 times less active in vitro than the par- 
ent antibiotic, oleandomycin (Table I). In 
this Table it is clearly indicated that all the 
partially-acetylated esters have biological ac- 
tivity against a large number of Gram positive 
microorganisms, including clinical antibiotic 
resistant staphylococci, as well as selected 
Gram negative bacteria. Since in vitro activ- 
ity of each ester varies from microorgan- 
ism to microorganism, i t  would be difficult 
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TABLE I. I n  Vitro Activity. 

r MIC-pg/ml - > 

2,3- 1,3- %Mono- 1,2- ?-Mono- 2-Mono- 
Triacetyl- Diacetyl- Diaectyl- acetyl- Diacetyl- acetyl- acetyl- Oleando- 
olcando- oleaiido- o1e:tndo- oleando- oleanilo- oleando- olemdo- inycin 

Microorganisni myciii rnyciii il l  ycin niyviii iiiycin inyein inyein base 

8taphylococcus 3.12 6.25 .78 .78 3.12 

H t  rept ococc I f  s .78 .78 pi .78 .39 3 9  

s t  r ept ococc1~s 6.25 19.5 3.1 2 (5.25 3.12 

z) iplococcuv p neu - 6.25 6.25 6.25 6.25 3.12 

X rys ip elotlwix 6.25 .78 3.12 

Cor!/tie2iacteriuttb 12,s 1.56 3.1 2 12.5 

Listeria n ~ o ~ t o -  12.5 > l o 0  22.5 (i.25 (i.25 

thwil h i s  sii Z, t i l  is 25 12.5 .?8 3 . 1  t! 
Clo.utridium per- 6.25 .78 :3.12 12.6 

/(:scho%Aia coli >lo0  > l o 0  > l o 0  >I00 >lo0  
Ycisscria goiior- 50 > l o 0  25 25 12.5 

Meinophiks irif 1‘1~- > 100 26 6.25 25 

A titibiotic resist:int strains of J’luyltylococcrrx u ~ i w i ~ s ,  ~ l j ~ ~ i ~ i ~ l  iso1:itc~s: 
1’1 I 6.25 12.5 1.56 3.12 12.5 
Ma 1 12.5 6.25 6.25 3.12 6.25 
KO 3 lj.25 6.25 1.5fi I .6(i 6.25 
KO 4 6.25 3.12 1 ..56 1.56 6.25 
102 3.12 6.25 1.5(i 1.50 3.12 
103 6.25 6.25 1.56 1.56 6.25 
100 6.25 3.12 1.5ti .78 3.12 
101 6.25 3.12 3.12 1.56 3.12 

( l l r r f ’1 iS  

pyogenes 

f aecalis 

inoniae 

rh iisiopathiae 

tl iphtheriae 

~~!JtogciLes 

fringens 

dioeae 

mzan 

3.12 

.XH 

3.12 

3.1 2 

3.1 2 

12.5 

6.25 

6.25 
12.5 

> l o o  
12.5 

> 100 

(i.25 
ti.25 
3.12 
6.25 
6.25 
3.12 
3.12 
3.12 

1.56 .78 

. -1 9 .I 9 

3.12 1.56 

3.12 1.5G 

.78 

6.25 

3.1 2 3.12 

.78 
1.56 

> l o o  > l o o  
50 25 

3.1 2 

I ,M I..W 
3.12 3.12 
1.56 .78 

1.56 1.56 
1.56 1.56 
1.56 1.5G 
1.56 1.56 

1.56 .7a 

to assign any definite rank in activity. 
At least 3 are considerably more active 
than triacetyloleandomycin ( 1,3-diacetyI- 
oleandomycin ; 1 -monoacetyloleandomycin ; 
and 3-monoacetyloleandomycin) and are 
quite similar to oleandomycin. Three ap- 
pear comparable to triacetyloleandomycin in 
in vitro activity, 2-monoacetyloleandomycin ; 
2,3-diacetyloleandomycin ; and 1,2-diacetylo- 
leandomycin. However, these 3 are less ac- 
tive in vitro than oleandomycin. It appears 
that as de-acetylated esters approach oleando- 
mycin more closely in structure, greater in 
vitro activity is evident. All 6 esters have in 
vitro activity against the 8 clinical isolates of 
Staph. aweus, which are resistant to a num- 
ber of commercially available antibiotics 
(Table I ) .  For example, all esters were active 
against clinical isolate F1 1 ,  which is resistant 

in vitro to >loo pg/ml of penicillin, strepto- 
mycin, tetracycline, oxy t e tracycline , t and 
chlortetracycline.0 All esters were active in 
vitro against Ma 1 , which is resistant to > 100 
pg/ml of erythromycin,(( in addition to those 
antibiotics just mentioned. Activity was 
demonstrated against strain 101 which is re- 
sistant in vitro to all the antibiotics listed here, 
and to > 100 pug/ml of chloramphenicol’ and 

t Trade name of Chas. Pfizer and Co., for anti- 
biotic tetracycline is Tetracyn, for the antibiotic 
osytetracyclinc, Terramycin. 

d Trade name of American Cyanamid Co., Lederle 
Laboratories Division, for the antibiotic chlortetra- 
cycline is Aureomycin. 

11 Trade name of Eli Lilly and Co. for thc anti- 
biotic erythromycin is Ilotycin. 

’11 Trade name of  Parkc, Davis and Co., for the 
a titibiotic chloramphenicol is Chloromycetin. 
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TABLE 11. Activity against Jhpcriniexital Infections in  Mice. 

ED,-19/20 confidence limits-mg/kg 

Oleando- Triacetyl- acetyl- acetyl- acetyl- diacetyl- diacetyl- diacetyl- 
rnycin oleando- olcanao- illcando- oleando- oleando- oleando- oleando- 

1-Mono- 2-Mono- %Mono- 1,2- 1,3- 2,3- 

Organisni phosphate myciri myciii iiiyciu iriyeiii inycin mycin mycin 
~ ~~ 

20 
(35-19) 
> 200 

27 
(40-1 9) 

-r 
I D  

(97-68) 
il 

'TI 

133 

48 

81 

54 

( ! I24  1 ) 

(92-51) 

(1 84-95) 

((W-37) 

(1 09-60 ) 

( 79-3 7 )  

~ ~~~~ 

29 
(41-2 1) 
>zoo 

9 ;j 

(34-18 j 

35 
(47-27) 

88 
(116-67) 

88 

35 
(54-28) 
42 

(60-29) 
70 

(105-47) 
46 

(66-32) 

(102-63 j 

29 
(41-21) 
>200 

110 
( 132-9 1) 

84 
(10669) 
> 200 
>200 

67 
(89-50) 
165 

(212-127) 
>zoo 
175 

(248-123) 

85 
(135-53) 
>200 

160 
(184-139) 

>200 

>zoo 
>200 

>zoo 

> 200 
>200 

>200 

~~~~~ ~~ - 

A Aiitiliiotic si(liihi tiycb. 
t Rosist:i~it iw v i f  1'0 to > 1 0 0  p g / ~ ~ i l  of l)i(*iiicilliii, stn.ptoiily-c.iii, tetracycline, osytetracycline, and  chlor- 

$ Resist:iiit in z'itro to > 100 ELg/~iil of erythromycin, in  addition to those antibiotics listed previously. 
0 Resist:int ill ritro to > 100 ,ug/inl of cliloramphciiiwl aiid novobiocin in addition to those antibiotics 

ttbt r:ic.ycliiic. 

listed prwiously. 

novobiocin. 
In  v i w  activities of the 

various esters against 10 esperimental infec- 
tions in mice are presented in Table 11. It 
should be remembered that these experimental 
infections were produced by normal microor- 
ganisms (antibiotic sensitive) as well as micro- 
organisms resistant to commercially available 
antibiotics. Strains 100: 101, 102, and 103 of 
Staph. aureus are recent clinical isolates. 

By visual comparison of EDzo with its 19/ 
20 confidence limits, 2-monoacetyloleandoniy- 
cin : 1-monoacetyloleandomycin : and 1 .d-dia- 
cetyloleandomycin would be considered most 
active of the esters. These 3 appear to be at  
least as active as oleandomycin. the parent 
antibiotic, and seem to be more active than 
triacetyloleandomycin itself. The ester. 3- 
monoacetyloleandomycin, has good in viva ac- 
tivity ; however, the ED,,, and confidence lim- 
its against Staph. uureus 100 are unusually 
high as compared to other esters. The anom- 

In vivo studies. 
aly is emphasized by in vitro activity shown 
against this strain, i.e., 0.78 pg/ml. The ester 
1.3-diacetyloleandomycin,, had selected activ- 
ity against a number of experimental infec- 
tions, yet had EDZos of >200 mg against 
others ; 2,3-diacetyloleandomycin had activity 
against the experimental infections produced 
hy Streptococcus pyogenes and the normal 
Staph. aureus. Against the remaining 8 ex- 
perimental infections, EDBOs of >200 mg/kg 
were obtained. 

Biological activity, expressed as pg/ml of 
oleandomycin base, readily appeared within 
one hour as peak concentrations after oral ad- 
ministration of each of the 6 hydrolytic esters 
of triacetyloleandomycin at  10 mg/kg to bea- 
gle dogs (Table 111). Quantitatively, highest 
serum levels were detected after oral adminis- 
tration of 2-monoacetyloleandomycin: 1 - 
monoacetyloleandomycin ; and 2,3 -diacetylo- 
leandomycin. These average serum concen- 
trations obtained during the 0-7 hour esperi- 
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TABLE 111. Serum Levels i n  Dog after Oral Administration. 

Avg serum levels (pg/ml) at designated hr 
Antibiotic 0 1 3 5 7 

2-Monoacetyloleandomycin 
Ratio 

1,3 -Diace t yloleandomycin 
Ratio 

1,2-Diacetyloleandomyciii 
Ratio 

l-Monoacetyloleandomycin 
Ratio 

3-Monoacetyloleandomyci~i 
Ratio 

2,3-Diacetyloleandornyciri 
Ratio 

Oleandomycin base 
Triacetyloleaiidoinyciii 

1.678 
10/10 
.871 
20/20 
.976 

10/10 
1.427 
25/25 
1.081 
25/25 
1.259 
25/25 
2.530 
1.340 

.809 
10/10 
.416 
18/19 
.659 
10/10 
.671 
24/24 
,494 
20/25 
.546 
21/24 
.519 
.706 

.I 32 
4/10 
.068 
7/20 
n.d. 
0/9 
.128 
10/25 
.093 
8/25 
.192 
11/24 
.114 
.181 

n.d.* 
0/10 
n.d. 
0/20 
1i.d. 

.002 
1/25 
.007 
1/25 
.050 
4/24 
.016 
,035 

0/9 

* n.d. = not detected. 

mental period for these 3 esters were higher 
or very comparable to those obtained for tri- 
acetyloleandomycin and oleandomycin base. 
The remaining 3 esters produced serum levels 
quite similar to each other, but slightly below 
concentrations detected for triacetyloleando- 
mycin and the !base. 

Serum levels achieved in man after oral 
administration of single doses of 250 or 500 
mg of the esters, and triacetyloleandomycin 
are presented in Table IV.** It is obvious 
that a t  all time intervals, highest serum con- 
centrations were achieved after oral adminis- 
tration of triacetyloleandomycin. Next in 
rank would ,be 1,2-diacetyloleandomycin ; 2,3- 
diacetyloleandomycin ; and 1,3 -diacetylolean- 
domycin. A third order would be l-monoace- 

TAETJE IV. Seriirri Levels in Man. 

pg/ml in 
Total serum at  

dosage, mg h r  
X i 1  ti biotic (orally) 2 3 (i 

‘I’riacet~loleaiido~riyciii 250 
I ,2-DiactityloIeaiiiloiiiyciit ” 

l-Moiio~ctpl~lcntdoulycin ” 
2- ) ?  

3- 
T r i ac e t ylole an doin yein 
2,3-Diacetyloleandomyciii ” 

Olenndoinycin base 

1,3- 7,  , I  

, I  1) 

5 0 0 

1 1  

.90 .6G 3 2  

.56 .55 2 3  
34 .40 .33 
.44 .40 .IT 
.29 .28 .14 
29 .27 .18 
1.99 1.80 .95 
1.10 1.00 .GO 
.83 .75 .52 

** Thc authors wish to acknowledgc assistancc of 
1)r. Michael Carlozzi for thesc data. 

tyloleandomycin; and fourth would be 2- 
monoacetyloleandomycin and 3-monoacetyl- 
oleandomycin. Oral administration of 500 mg 
of triacetyloleandomycin results in serum lev- 
els 2.16 fold; 2.4 fold; and 1.8 fold at  1, 3,  
and 6 hours over those obtained by a similar 
dose of oleandomycin base (Table IV) . Simi- 
larly, increases in favor of 2 ,3-diacetylolean- 
domycin over those of the base at  same time 
intervals were 1.3 fold; 1.3 fold; and 1.1 fold. 

I t  would be propitious if one could unequi- 
vocally relate in vitro data, chemotherapeutic 
experiments in mice, serum levels in the beagle 
dog and man, to present a straightforward rec- 
ognition of the efficacy of a therapeutic agent. 
Unfortunately, not all of these data can be 
related to each other so directly. For example, 
although 2-monoacetyloleandomycin rates as 
high or higher than triacetyIoleandomycin or 
oleandomycin in in vitro activity, in chemo- 
therapeutic activity in mice, and in ability to 
produce serum levels after oral administration 
to dogs, it failed by approximately one-third 
to produce serum levels in man attained by 
triacetyloleandomycin or oleandomycin. Al- 
though l ,3-diacetyloleandomycin and 2,3-dia- 
cetyloleandomycin were quite active in vitro 
and produced good serum levels in man and 
dogs, they were without question, the least ac- 
tive against experimental infections in mice. 
I t  is obvious therefore, that the direct rela- 
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tionship desired for such a variety of data is 
lacking. 

However. it  is known that after oral admin- 
istration of triacetyloleandomycin to man. an 
ever-changing. dynamic series of events occurs 
that can be detected in sera and urine, ix . .  the 
de-acetylation of triacetyloleandomycin to at 
least 6 distinct. biologically active esters. 0 1 ) -  
vious questions as to time of appearance and 
disappearance of each. quantitative amount of 
each. possible effects of each single ester act- 
ing in the presence of other hiologically active 
esters as well as oleandomycin. await more 
precise and novel experimental protocols. A s  
these questions are answered. it is hoped that 
the relationship between these data will he- 
come more apparent. 

Sir ittitiar~l. ‘Triacetylolea nd om!*ci n . t h c .  

fully acetylated derivative of the antibiotic 
oleandomycin, is hydrolyzed in vivo to at least 
6 partially-acetylated esters. In vitro, in v i m ,  
and serum concentration studies in the beagle 
dog and man are presented for these biologi- 
cally active esters of triacetyloleandomycin. 
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