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compounds I (CIPy®), II (CIPyH), IV (HOPy®),
and V (HOPyH) determined by assay with ~-(4-
nitrobenzyl)-pyridine (NBP),* confirmed the expected
pattern (Table I).

TaBLE 1
COMPARISON OF ALKYLATING ACTIVITY®
Conen.
of
cmpd. in, ClPy® ClPyH HOPy® HOPyH
4g./ml, I II v v
10 8 32 8 8
20 7 60 8 9
40 7 121 10 10

¢ Determined by NBP assay.® Values shown are for color
density (Klett units) which is directly proportional to extent of
alkylation. Samples were incubated with NBP at pH 4.6 for 1
hr.

Only the reduced chloropyridine (CIPyH, II) reacted
as an alkylating agent and showed activity directly
related to concentration; the other three compounds
showed insignificant activity.

In tests for activity against the XB cell line in tissue
culture’ the two oxidized compounds I and IV showed
no cytotoxicity (EDs > 100 ug./ml.); the reduced
dihydropyridine V showed borderline activity (EDsg
120 wg./ml.), whereas the reduced chloride II showed
significant cytotoxicity (EDs 26 ug./ml). The hy-
droxy compounds IV and V were included in this series
for comparison and although the basis for the small
amount of cytotoxicity produced by the dihydro com-
pound V is not well understood, interestingly the cor-
responding dihydro chloride II was 4~3 times as cyto-
toxic. This difference in cytotoxicity most probably
results from the capacity of the latter II to act as an
alkylating agent. The pyridinium compound I, there-
fore, inactive as an alkylating agent is biologically
inert, whereas the corresponding dihydro compound II
is both chemically reactive and significantly cytotoxic.

If compounds of this type are indeed susceptible to
the indicated reductive activation or oxidative detoxi-
fication in vive, they are potentially selective in their
action and represent a new elass of agent with interest-
ing potentialities for cancer chemotherapy.®

(6) O. M, Friedman and E. Boger, Angl. Chem., 33, 906 (1961). Techni-
cal assistance by Dr. S. Schichor in making these determinations is grate-
fully acknowledged.

(7) Determined in the laboratories of Arthur D. Little, Inc., Cambridge,
Mass.., in relation to the CCNSC Screening Program. We are indebted to
Dr. P. Thayer and Mr. I. Wodinsky for these data.

(8) For references to previous work on other cytotoxic agents with latent
activity, see O. M. Friedman, E. Boger, V. Grubliauskas, and H. Sommer,
J. Med. Chem., 6, 50 (1963). TFor recent more general discussion of selective
toxicity, see ref. 2, p. 148, and M. S. Burstone, ‘Enzyme Histochemistry

and Its Application to the Study of Neoplasms," Academic Press, New
York, N. Y., 1962, p. 563.
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Gentamicin,! a New Antibiotic Complex from
Micromonospora

Sir:

A new wide-spectrum, basic, water-soluble anti-
biotic mixture has been isolated from two previously
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undescribed species of microorganisms belonging to the
genus Micromonospora. These species have been
deposited with the Northern Utilization Research and
Development Division, U. S. Department of Agricul-
ture, Peoria, Illinois, where they have been assigned
NRRL No. 2953 and NRRL No. 2985, respectively.?

When these organisms are grown in submerged cul-
ture in a yeast extract—cerelose medium they pro-
duce gentamicin and other basic antibiotics. Gentami-
cin consists of two closely related isomeric pseudo-oligo-
saccharides, referred to as C, and Cs, which have essen-
tially identical polarities. The basic antibiotics are
separated from the fermentation broth with the aid of a
cation-exchange resin. Gentamicin then is separated
from the co-produced antibiotics by selective precipita-
tion of its dodecylbenzenesulfonate salts.? Recovery
of the antibiotic from the dodecylbenzenesulfonates
is accomplished with the aid of a strongly basic anion
exchange resin. Gentamicin is distinguished from other
antibiotics in the same chemical family* by its paper
chromatographic behavior in a variety of solvent sys-
tems.

Acetylation of gentamicin with acetic anhydride in
methanol affords the triacetylgentamicins C, and G,
which are separated by partition chromatography on
cellulose powder with the upper phase of a heptanol-
pyridine-water system (6:4:3). Triacetyl C, (I) has
m.p. 206~225° [@]?%Dp +143° (methanol) and analyzed

TaBLE I

CoMPARATIVE PAPER CHROMATOGRAPHY OF GENTAMICIN
Solvent system® and Ry value

Antibiotic A B C D
Gentamicin 0.59 0.26 0.10 0.30
Kanamycin .30 .18 .25 .17
Neamine .30 .23 .22 .0
Neomyecin .22 .12 .29 .0
Paromomyecin .33 11 .38 .0
Streptomycin .87 .40 .21 .06
Streptothricin .36 .30 .27 .27

¢ Systems: A. Methanol-water (4:1 v./v.) plus 3% NaCl,
using paper buffered with 0.95 M Na,SO, plus 0.5 M NaHSO,.
B. Propanol-pyridine-acetic acid—water (15:10:3:12 v./v.).
C. Propanol-water—acetic acid (50:40:5 v./v.). D. Aqueous
phenol, 809,; Whatman No. 1 paper; ascending.

for 023—24H40—42N4010.5 Triacetyl Cg (II) has m.p. 206—-
222°; [a]®Dp +151° (methanol) and analyzed for
Cos—2sHy—N4O. Neither of these derivatives has
important antibiotic properties.

Hydrolysis of I and II with 1.2 N sodium hydrox-
ide in water containing 109 methanol at reflux for
70 hr. affords, respectively, gentamicin C, (III),
m.p. 94-100°, [a«]®Dp +158° (water), which analyzed
for Ci—1sHa—36N40;, and gentamicin C. (IV), m.p.
107-124°, [a]®D +160° (water), which analyzed for
Crr—18Has—5N4O07.  Titrations of C; and C, in 8 M
LiCl¢ solution with 0.1 N hydrochloric acid give equiva-
lent weights of 97 = 2. Osmometric molecular weight

(1) Garymycin®.

(2) These organisms were among numerous cultures isolated by A.
Woyciesjes, Syracuse, N. Y.

(3) ¢f. D. A. Johnson and G. A. Hardcastle, U. S. Patent 2,967,177
(Ig(i)l)bf. K. L. Rinehart, '"The Neomycins and Related Antibioties,”
Johin Wiley and Sons, lnc., New York, N. Y., in press.

(5 Correct analytical values have been obtained for the new componnls,
(6) Y. E. Critehfield aud J. B. Johnson, Anal. Chem., 30, 1247 (19.48)-
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determinations give values of 425 = 21. There are
three primary amino groups (Vau Slyke), one N-methyl,
and one C-methyl (Kuhn-Roth) in both 11T and IV
C, and C, give positive Elson-Morgan and ninhydrin
tests, aud negative maltol, furfural, aud Sakaguchi re-
actions, The two bases are very sinilar i ali of their
properties and are undoubtedly closely related in strue-
ture. Upon N-acetylation of III and IV, the paret
triacetyl dertvatives, I and 11, are regenerated, respec-
tively. That IIT and IV are not artifacts of the vigor-
ous basic hydrolysis is shown by the identities of
tlieir paper chiromatographicnobilities, votatious, infra-
red spectra, and elemental analyses with the same con-
stants of gentamicin (the parent mixture).  \eid by-
drolyses of gentamiein, obtained cither by recoustitu-
tion fromn Il and IV or directly from the fermeutation,
affords mixtures with identical paper chrontitographic
patterns.  Irom the acid hydrolyses of IIT, 1V, and
gentainicii, 2-deoxystreptamine is formed.  The nature
of the co-produced degradation products s under
study, as are the total structures of I and TV,

The 2n witro activity of geutamicin was determined by
the twofold serial tube dilutionn method and results
show this new autibiotic to be highly active agamz

(iram positive and Gram negdtl\( bacterii.  The acute
toxicity (D)) of gentamicin in mdee is 72 mg. ke
intravenously, 484 mg. kg, subcutaneously, 433 e

kg. intraperitoneally, and greater than 9050 mg. kg, by
oral admmistration.  The therapeutic activ ity of
gentamicin lias been demonstrated hy subcutaneons
administration i wuice infected ntraperitoneally witls
Klebsielln  pnewmoniae,  Salmonelle  scholtmueller:.
Pseudomonas aeruginosa, Diplococcus prewmoniae, aned
Staphylococcus aureus.

11
ANTIBACTERIAL SPECTRUM OF (GENTAMICIN

Minimal inhibitary
concentrations.”
(-hase /ml.)
Acrobacter aerogenes 0.6
Alcaligenes fecalis 6

TasLe

Aicroarganisin

Bacillus subtilis L0112
Escherichia coly [
Klebsiella pneumoniae 0.14
Proteus mirabilis (5 strains) Re200
Proteus rettger: N
Proteus vulgaris 4.8
Pseudomonas aeruginosa (4 strains) 0.05-0.2G

Staphylococcus aureus (8 strains) L028~-0.30

Staphylococcus aurens (10 penicillin resistant

strains) Y
Salmonella schottmuelleri 1.2
Salmorella typhimaarivm P
Streptococcus fecalis a6

base/my., Difco Anti-
Difeo Laboratories,

% Gentamicin sulfate potency: 647 +
biotie Medium No. (Penassay Brath),
Detroit 1, Michigan.

Extensive toxicity studies with gentainicin demou-
strate that the following doses can be administered
chromically intramuscularly without demonstrable tox-
teity: 5.6 mg./kg. for at least 50 days in dogs; 12 mg..’
kg. for at least 40 days in cats; 40 mg./kg. for at least
40 days in rats. Considerably higher doses, 40 mg./kg.
i dogs and 100 mg./kg. in rats, regularly produce renal

17) Nuclear maguetic resonance measurements in D20 and deuterio-

pyridine solutions canfinu the presence of bath C-methyl and N-methel in
("1, Co, and their respective amides.
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tubnlar necrosis and vestibular function damage in 30
dayv=. Pharmaceological studies show that the antibi-
otic is ahuost conpletely excreted by glomerular fil-
Peaiion with o some billary exeretion. Intramuscular
u{n;‘,ni\t:mirn 11 dogs gives blood levels for approxi-
thately » S e and peak titers nv 1 o are approxi-
miiels 2.(? " mi. with o L0 g kg dose. Thrae-
fanated vringe sanples show maximal antibiotic levels
A0 times the peak blood levels, and 50 to alnost 1000,
atl the adpunistered dose 15 excreted 1 24 hr.

tmannscular adonnistration of single 0.2-3.2 g,
K, 1 gormal volunteers shiowed onset and
ditration i blead levels and exeretion patterns sinilar
to the dog thongh Tmmau blood levels, eg. 0.0 v/ ml.
af 1eg. ke, dose, were double caniue levels. The peak
blood levels i voluateers given single doses of 0.4 mg.
ke nivannisealarle averaged 1.6 v nd. and were
arave those necessary to inlibit the growth
of st Feolews and all Psewdanionas straing tested ax
woll ax most other Cram negative bactera and for peni-
villin sensttive aod resisiant Staphyloceecus.  The peak
cverage aotibionie level o the urine e fractionated
speenneirs at the 0.4 me. kg, dose was 70 v, il Single
wal doses np sy 1000 1ng. of gentamicin in man result
i approximately 0.2¢ absorption as deteeted i 24 hr.
wrines, with no sensirable blood levels.

Gentansdein = being studicd extensively n the clinic
for the treatinen of infections caused by Cram negative
Baeteri,

Gases in

HE .(z.\
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Effects of d,i-3-Phthalimidoglutarimide and
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