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taller trees with conical crowns; foliage distinctly 
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tine predominantly of A3-carene; ( b )  generally tography," Butterworths Scientific Publications, London, 

bluish, the needles thicker than in ( a ) ;  cones with 
tlie apopllyses roundell on the outer side and (4) Croth, A. B., Svunsk P n p p e v s l i d n .  61 311(1958). 

( 5 )  Zubyk, W. J ,  and Conner, A. Z I ,  A;zal. Ch'irn., 32, 
generally less spiny than in ( a ) ;  and turpentine 912(1960). 

( 6 )  Matsuura, T.. Komae, H I  Aratani, T . .  and Hayashi, 
S . ,  J .  Chenz. SOC. Jupoir, 64, 7Ul(lU61): ( u )  ibzd. ,  64, 7%, predominantly a-pinene. 

Unfortunately, the lineage of the New Zealand 799(1961). 

specinlens cannot he traced back t C J  a known prove- I, ~ , 7 ~ , B ~ ~ ~ ~ ~ n ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( ~ 5 ~ ~  and 
nance in California. Nevertheless, the scheme sug- (8 )  Bannister, M .  H., Williams, A. L., hlcDonald, I. R. 
gested not only fits the chemical facts so far, but '., ( a g ; d ~ ~ ~ ~ ~ o ~ . ~ ~ ' K U f ~ ~ b ~ ~ ~ ~ e o d m a l r r g r a p h y  
d s o  agrees closely with the morphological work of 

land populations of P.  wuriccita could well be divided 
into two varieties, one of which, including the 
Huckleberry Hill population and the typical form 
ncar Sari Luis Obispo, stretched from the Annapolis 
area southward, while the other, including the Fort 
B~~~~ population, from ~ ~ ~ ~ ~ ~ ~ l i ~  nnrttl- 
ward. ibid., 38, 403(1949) 

chemists studying this species is highly desirable; 
particularly useful would be a detailed population 
analysis in the Annapolis area where, according to 
Duffield (,27), the trees show a morphological transi- 
tion between the typical variety and the northern 
one. 

'95~i~.c3y2rZ;al. H., and Janik, J. ,  Co(lrction Czech. ,-hem. 
Communs., 24, 1967(19.59). 

464(1960). 
(10) Mirov, N'. T., I v k  E w .  Chum., 38, 405i1946). 
(11) Bardyshev, I. I . ,  and Bardysheva, K . .  Zhuu. Priklnd.  

K h i m . ,  25, 1231(1952); through Chein. Abslr . ,  47, 2,j07c 
(19.53). 

. n ! : 3 i ~ ~ a ~ n ~ , m ~ ~ ~ . J ~ ~ ~ ~ ~ , ~ ~ ~ 6 ~ ~ l ~ ~ b ~ R ,  ''- ".. 
(13) Mirov, N. 'r., ibid., 40, 410(1951); ( a ) ,  ibid., 40, 

5 5 ~ ~ ~ ~ 5 ~ l ) d f f  p, hl, and Mirov N, T, 43 R73(1954), 
(15) Mi&, N. T. ,  and Iloff,'P. M.: ib(d.1 45: 153(1956). 
(161 Mirov, N. T.. and Iloff, P .  M . ,  ib id . ,  47, 404(1958). 
(17) Mirov. N. T., Wang, T. H., and Haagen-Smit, A .  J , 

(18) Miroy, N. T., and 110.8, p. M., i b i d . ,  44, 186(1Y55). 
(19) McGimpsey, J.  R. ,  and Murray, J., J .  A p p l .  ( ' h e m . ,  

10, 340(1960). 

E@r) l ) f .  ~ ~ ~ ~ ~ ~ , ~ 0 , ~ ~ 0 ~ ~ ~ 5 ~ ~ t h e r 1 a n d ,  M. D., PYY~ft'BP1.Y 
(21) Mirov, N. T.. "The Physiology of Forest Trees," 

R ' $ ~ ~ ~ ~ ~ ~ l ~ ~ , w ~ ~ ;  ~ " ~ ~ $ ~ ~ ~ & ~ ~ :  C,,  Ind E n C .  
Chem., 44, 1634(1952). 

(23) Martinez, M. ,  "1.0s Pinos hlexicanos," 2nd e d . .  
Hdiciones Botas, Mexico, 1948. 

(24) Iriarte, J., Oaimica M e . ,  4, 117(1946) 
(25) Iloff, P.  M . ,  and Mirov, N. T., THIS JOURNAL. 42, 

464( 1953). 
(26) Mirov. N. T., J .  Fovestry..45, 6!9(1947). 
(27) Duffield, J. W., Ph.D.  thesis, University of California, 

(27)' His collclusion was that the main- 

Further close betweell botanists alld 
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Amino Ketones: Kinetics of In Vz't~o 
An ti bac t er ial Activity 

By SHU-SING CHENGt, SIGURDUR JONSSONj, and FRED T. SEMENIUK 

a- and 8-Amino ketone analogs of amino acids were tested in uitro against Eschericbia 
coli, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus anthracis, Saccharomyces 
cerevisiae, and Candida spp. by serial broth dilution and agar diffusion methods and 
found to be active as growth-inhibitors at concentration levels which varied wirh 
the test culture. The study of the growth curve of a test bacterium in a liquid medium 
with and without the presence of the drug provides an accurate means for the in 
vitro evaluation of the antibacterial activity of potential chemotherapeutic agents. 
It serves also as a means for studying the dynamics as well as the mode of antibac- 
terial action. Since the generation time and the numbers of generations of micro- 
bial growth occur before stationary phase can be calculated, the inhibitory activity 

of different drugs may be compared on this basis. 

IIE growth-inhibitory activity of 8-amino the potential antimicrobial action of these two 
Tketone analogs of fl-alanine against Esch- categories of amino ketone analogs of amino 
erichia coli and Staphylococcus aureus has acids. 
been reported recently (1). This leads t o  spec- 
ulation that  a-amino ketone analogs of a-amino 
acids might possess similar activity. This study 
was then undertaken in order to  investigate 
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PROCEDURES AND RESULTS 

There are three general methods for determining 
drug sensitivity of bacteria currently in use: the 
serial broth dilution, agar diffusion, and agar plate 
dilution methods. For the in vrtro evaluation of 
antimicrobial activity of amino ketone hydro- 
chlorides, the first two methods were selected. 

Agar Diffusion Method.-Staphylococcus aureus, 
Bacillus anthracis, and Pseudomonas neruginosa were 
used as test organisms Stock culture was main- 
tained on slants of peptone-casein agar and tranc- 
ferred to fresh slants about once a week. The 
assay plates and inocula were prepared according 
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METHOD 
TABLE ~.-ANTIMICROBIAL .qCTIVITIES OF AMINO KETONE HYDROCHLORIDES TESTED BY AGAR DIFFUSION 

._____ 
~~ 

Diameter. mm., of Inhibitory Zone against Microorganism 
--Exhibited by the Indicated Quantity of Ilrug-,--- 
-Bacillus anthrnris- -Ps?udomoiras aeridginosa- 

Hydrochloride " 1 mg. 2 mg. 1 mg. 3 mg. 
n-Heuyl @-ariiinoethyl ketone I) 11 . .  . .  
n-Heptyl P-aminoethyl ketonc 1 3 3 2 . .  
Phrnyl 0-aminoethyl ketone 0 0 0 16 
p-Tolyl 0-aminoethyl ketone 0 0 0 10 
2,S-Dimethylphenyl @-aniinoetliyl ketone 8 11 0 11 
Phenyl aminomethyl ketone 10 I6 . .  . .  
o-Tolyl arninornethyl ketone 0 13 0 11 
p-Tolyl aminomethyl ketone 7 16 . .  . .  

17 1) 74 
0 10 

3.4-1)irtiethylphenpl aminomethyl ketone I) 
p-Tolyl a-atninoethyl ketone 0 

4-Phenyl-4-keto-2-amino-butyric acid-( 1 ) 8 11 . .  . .  

m 

3,1-Dimethylphenyl a-arninoethyl ketone 0 k . .  . .  

3-Amino-l-irtd~norie 16 22 10 18 

See references (1 )  and (7) for the preparation of these con 

to U.S.P. XI '  method for penicillin microbial assay 
(2).  The medicated disk method was used instead 
of cylinder-plate method. Peptotie agar and pep- 
tone-casein agar were used for preparing the sup- 
porting agar layer and seeding layer, respectively. 

The medicated paper disks were gently placed on 
the surface of the inoculated agar plate. For 
reference, sulfanilamide ( 5  mg. 1, sodium sulfamera- 
zine ( 3  mg.), and sodium sulfapyridine (3 nig.) were 
included. In the case of sulfanilamide, the drug was 
placed directly on the surface of the inoculated agar 
plate without using the paper disk. All the plates 
were incubated at 37" for 16 to 18 hours, after which 
the growth responses were examined and the diam- 
eters of the clear zones of growth inhibition were 
measured on a bacterial colony counter. The re- 
sults are summarized in Table I. 2-Amino-1- 
indanone hydrochloride exhibited a rose-red in- 
hibitory zone on the surface of agar plate inoculated 
with B. anlhvac-is, whereas phenyl arninornethyl 
ketone and p-tolyl aminomethyl ketone hydrochlo- 
rides each exhibited a rose-red inhibitory zone with a 
surrounding zone of  growth-stimulation when tested 
under the same cunditions. o-Tolyl arninomethyl 
ketone and 3,4-dimethylphenyl aminomethyl ke- 
tone hydrochlorides each showed yellow to brownish 
inhibitory zone surrounded by a zone of growth- 
stimulation when tested against B.  anlizracis and 
Y. aerzrginosa. 

Of the 17 compounds tested, 2-amino-1-indanoiie 
and n-heptyl P-aminoethyl ketone hydrochlorides 
(2 mg. each) exhibited the widest zones of inhibition 
against the growth of B.  anthracis. Sulfanilamide 
(5 nig.) produced very slight or no inhibition on the 
test organisms. Sodium sulfapyridine (3 mg,) and 
sodium sulfamerazine (3  mg.) were inactive. 

Serial Broth Dilution Method.-Escherichia coli 
ATCC 8339, Staphylococcus a w e u s  ATCC 6538 P, 
Sarcharomyces c-erevisiue, Candida albicans, and 
Candida krusei were used as test organisms. Stock 
cultures of E.  coli and Staphylococcus aureus were 
maintained on trypticase-soy agar slant, while the 
stock cultures of yeast and fungi were maintained 
on Sabouraud dextrose agar slants. The culture 
media used in the test were a synthetic liquid me-. 
dium (3)  for E.  coli; nutrient broth for Sfaphylo- 
cocczis aureus; and Sabouraud liquid medium for 
Sacrharonzyres ccrevisiae, Candida albirnns, and 
Candida krusei. 

wounds 

The inocula were prepared from 18- to  24-hr. 
bacterial broth cultures or from 3-day fungus and 
yeast broth cultures. For broth cultures, the test 
organisms were transferred into the appropriate 
liquid medium and incubated at 37" for bacteria, 
and 30" for yeast and fungi. One drop (0.05 ml.) 
of 1 : 100 dilution of the broth culture in sterile dis- 
tilled water was used to inoculate the medium 
Viable cell counts were made from the serial dilu- 
tions of these inocula by the pour-plate method for 
bacteria, and by the surface-spreading method for 
yeast and fungi. 

The stock solutions of amino ketone hydrochlo- 
rides were prepared by dissolving the drug in sterile 
distilled water t o  make a concentration of 5000 
mcg./ml., and were sterilized by filtering through a 
Millipore filter. 

For the conduct of the test, 10 15-ml. test tubes, 
each containing 5 ml. of the sterilized double- 
strength broth, were divided into duplicate series. 
A 1-ml. quantity of the stock solution of amino 
ketone hydrochloride was added to the first tube; 
0.5 ml. of the same solution was added t o  the second; 
0.5 ml. of a 1:2 and 1:4 dilution of the stock solu- 
tion, respectively, was added to the third and fourth. 
The volume was made up to 10 m1. in each tube. 
The final concentration of the amino ketone hydro- 
chloride in each tube was 500, 250, 125, 62.5, and 
0 mcg. per ml., respectively. The last tube, with- 
out drug, served as organism growth contrnl. 
Each tube was inoculated with 1 drop of a 1 : 100 
dilution of the broth culture. Incubation was at  
37' overnight for the bacteria, and at 30" for 3 
days for yeast and fungi. The tubes were ex- 
amined for growth inhibition of the organism a t  the 
end of each incubation period. The least amount 
of drug resulting in complete inhibition of growth 
was recorded as minimum inhibitory Concentration. 
The results are summarized in Table 11. 

Mode of Antibacterial Action.-In order t o  in- 
vestigate the mode of antibacterial action, a study 
of the growth curve of the test organism in a liquid 
medium, with and without the presence of drug, 
was then performed. The results are shown in 
Figs. 2 and 3 for the response of Staphylococczs 
aureus toward o-tolyl aminomethyl ketone and 91- 

heptyl (3-aminoethyl ketone hydrochlorides, respec- 
tively. The growth curve was based on viable cell 
counts obtained by the pour-plate technique. 
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Exaniination of the control growth curve la (the 
curve resulting from the growth of Staphylococcus 
~ ~ u r w ~ x  in the absence of drug) in Figs. 2 and 3 re- 
veals that  the curves follow the pattern of a typical 
growth curve of bacterium as shown in Fig. 1, ex- 
cept for the lack of a lag phase. This is explainable 
h y  the active physiological state of the bacterial 
cells (19-hr. culture). 

In  Fig. 2, curves IIa,  IIIa,  and IVa record the 
growth response of 14,600 cells of Staphylocorcus 
riureus in nutrient broth in the presence of 125, 
250, and 1000 mcg. of o-tolyl aminomethyl ketone 
tiydrocliloride per ml. of culture medium. Curves 
IIa and 1113 indicate that,  at drug concentrations 
of  125 mcg. and 250 mcg./ml., 14,600 cells from the 
iiii iculurn iriultiply by four to five generations to 
reach a final population of 3 X lo5 cells, 8 hr. and 
36 min. after inoculation and reach the stationary 
phase. The calculation involves solving the equa- 
tion b = a X 2n, where b is the number of cells of 
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the final population, a is the number of cells intro- 
duced into the medium from the inoculum, n is the 
number of generations by which the initial number 
of cells multiply to yield the final population (4).  
The calculation is shown as follows 

b = a X 2" 

TIME OF GROWTH IN HOURS 

Fig. 1.-Typical growth curve of bacteria. 

- log,, 3 x 105 - log,, 1-1,fioo - 
log,, 2 

= 4.368 generations 

In contrast t o  curves IIa and IIIa, la indicates that, 
in the absence of drug, 14,600 cells continue the 
multiplication for 20.32 generations to  yield a final 
population of 192 X 10' cells before the phase of 
decline is reached at 8 hr. and 36 min. after the 
inoculation was made 

n =  login 192 X 10' - loglo 14,800 
log,n 2 

= 20.32 generations 

On the other hand, as shown by curve IVa, repre- 
senting a drug concentration of 1000 mcg./ml., 
14,600 cells of Staphylococcus aureus did not increase 
in number, but  decreased logarithmically even after 
brief contact with the drug. Eighty-eight minutes 
after inoculation and contact with the drug, the 
population dropped to 9000 cells, contrasting with 
the respective figures of 105 X lo3, 213 X lo3, and 
696 x lo3 cells in the presence of 250, 125, and 0 
mcg. of o-tolyl aminomethyl ketone hydrochloride/ 
ml. of culture medium, respectively. I n  the 
logarithmic phase, the curve IVa has a negative 
slope of -0.00239 in comparison with +0.00973, 
+0.01322, and $0,0197 for curves IIIa,  IIa,  and 
Ia, at respective drug concentrations of 250, 125, 

TABLE II.-ANTIMICROBIAL. ACTIVITIES OF AMINO KETONE HYDROCHLORIDES TESTED B Y  BROTH SERIAL 
DILUTION METHOD 

- . ~ ~ _ _ _ _ _  -. 

Hydrochloride a 

n -Bu tyl b-aminoe thy1 kc tone 
n -HexylP-aminoethyl ketone 
n Heptyl 0-aniinoethyl ketone 
Phenyl 8-aminoethyl ketone 
p Tolyl P-aminoethyl ketone 
2,5-Dimethylphenyl P-aminoethyl ketone 
Phenyl aminomethyl ketone 
o-Tolyl aminomethyl ketone 
p-Tolyl aminomethyl ketone 
3,4-l>iinethylphenyI aniinornethyl ketonc 
2-Fury1 P-aminoethyl ketonc 
2 Thienyl P-aminoethyl ketone 
p-Hydroxyphenyl a-aminoethyl ketone 
p Tolyl a-aminoethyl ketone 
3,4-Dimethylphenyl a-aminuethyl ketone 
Phenq 1 a-aminoethyl ketone 
4-Plienyl-4-keto-2-amino-butyric acid 
2- Amino- 1 -indanone 

Minimum Inhibitory Concn. against Microorganism, 

E. coli Staph. aiueus C. albicans C. krusei Sacch. ce i .  
____ mcg./ml. of Medium - 

. . .  . . .  . . .  500 . . .  
500 1000 2000 . . .  1000 
250 500 . . .  1000 . . .  
500 1500 . . .  , . .  . . .  
500 . . .  . . .  . . .  2000 
250 250 1000 2000 2000 
250 250 500 . . .  2000 
250 250 . . .  . . .  . . .  
250 250 . . .  . . .  . . .  
250 350 . . .  . . .  . . .  
250 . . .  . . .  . . .  . . .  
125 . . .  . . .  . . .  . . .  
125 . . .  . . .  . . .  . . .  
. . .  . . .  2000 . . .  2000 
125 200 . . .  . .  . . .  
. . .  200 

1000 . . .  . . .  . . .  . - .  
125 63 500 250 . . .  

. . .  . . .  . . .  

~~ ~ ~ 

See references (1) and (7) for the preparation of these compounds. 
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TIME OF GROWTH IN HOURS 
Fig. ?.-Growth response of Staphylccoccus aztrcu~ toward o-tolpl aminomethyl ketone hydrochloride. 

and 0 mcg./ml. of culture medium. The slopes of 
the straight lines represent the growth rate, K ,  
during the logarithmic growth. They are simply 
calculated by solving the equation for logarithmic 
growth in terms of the variables of the growth curve 

R =  loglo bz - loglo bt 

TABLE III.-GRowTH RESPONSE OF Staphylococcus 
au/'eUS TOWARD n - T o L Y L  AbIINOMETHYL K E T O N E  

HYDROCHLORIDE IN NCTRIENT BROTH 

Calculated Log No. Viable Ce11/30 ml. 
-Drug Concentration mcg./ml. Medium- 

Growth 'l'imc 0 125 2.50 1000 
Zero 

t? - t l  (Inoculation) 4.1644 4.1644 4.1644 4.1644 
1 hr. 281ui11. 5.8426 5.3284 5.0212 3.9542 

where t~ and tl is the time a t  which the culture has 4 hr. 3 min. 7,9258 5,4771 5,4771 . . , 
viable cell count of bz and bl, respectively. The 6 hr. 20min. 8.9484 . , . . . .  . . .  
data were taken from Table I11 a t  the end of 8 hr. 36min. 10.2833 . . . . .  . . .  

88 min. of incubation. The positive value of R 10 hr. 23min. 9.4771 . . . . . .  . . .  
represents the growth rate, whereas the negative 
value of R represents the death rate. From growth 
rate, the generation time, g, can be calculated by 
solving the following equation 

b = a X 2 "  

log,, b = loglo u + t~ logto 2 

t 

s 
0.301 

g 

loglo b = loglo u + - log,, 2 

loglo b = loglo u + - t 
then 

and 

0.301 slope = R = - 
g 

0.301 
g = R  

The averaged generation time calculated for cultures 
in the presence of o-tolylaminomethylketone hydro- 
chloride a t  concentration of 0, 125, and 250 mcg.1 
nil. is 15.78, 22.77, and 30.94 min., respectively. 
The elongation in generation time due to the pres- 
ence of drug indicates the bacteriostatic effect of 
o-tolyl aminomethyl ketone hydrochloride. 

Curve IVa reveals the bactericidal action of a- 
tolyl aminomethyl ketone hydrochloride a t  con- 
centration of 1000 mcg./ml. The rate constant, 
k of the bactericidal action at  this concentration is 
equal to 0.05726 rnin.-'. This is calculated from 
the equation for logarithmic order of death ( 5 )  

2.303 a k = -  log10 - t b 

where a is the initial population and b is the final 
number of bacteria after contact with the drug for 
time period t. The death rate follows the rate of a 
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Fig. 3.-Growth response of Staphylococcus aweus toward n-heptyl p-aminoethyl ketone 1iydrochIoride. 

From the mathematical treatment, it is obvious 
that o-tolyl aminomethyl ketone hydrochloride acts 
as a bacteriostat a t  low concentrations (ca. 250 
mcg./ml.), and as a bactericide at higher concen- 
trations ( ra .  1000 mcg./ml.). This conclusion is 
true also for n-heptyl P-aminoethyl ketone hydro- 
chloride, an amino ketone analog of 8-alanine. The 
growth curves in Fig. 3 confirm this statement. In 
the ahove experiment, the growth responses were 
checked also by the turbidity reading of the culture. 
The turbidity curves are plotted in Figs. 2 and 3 
and are designated with subscript b, in contrast 
to the use of subscript a for the viable population 
curve resulting from colony counting. 

In order to investigate the mechanism by which 
p-aminoethyl ketone hydrochlorides act as anti- 
bacterial agents, an inhibition-reversal study with 
8-alanine and calcium L-pantothenate was per- 
formed. The results show that at inhibitor: 
metabolite molar ratio of 1.101: 1 or 11.48: 1, neither 
0-alanine nor calcium L-pantothenate possess any 
reversal activity in antagonizing the growth- 
inhibitory effect of n-heptyl 6-aminoethyl ketone 
hydrochloride against E. coli. 

DISCUSSION 

The reversal of the grciwth-itihihitory effect 

olite. The preliminary experiment on the 
inhibition-reversal study of n-heptyl p-amino- 
ethyl ketone hydrochloride by either 0-alanine 
or calcium pantothenate failed to  demonstrate 
the antagonism at an inhibitor: metabolite molar 
ratio of 1.101:l or 11.48:l against E. coli. 
At a molar ratio of 0.805: 1 glycine also failed 
to nullify the growth-inhibition of an amino 
ketone analog of glycine on a glycine depend- 
ent organism. These facts suggest that  amino 
ketone analogs of amino acids may be valuable 
chemotherapeutic agents, and they may warrant 
further study. 

In  contrast to  cu-amirionietlianesulfonic acid, 
the amino ketone analogs of glycine prepared 
for this work (7) are active in growth-inhibition 
against E.  coli at concentration levels of cn. 
1 X mole. a-Aminomethanesulfonic acid 
has been found to  be a glycine antagonist on 
test systems such as: the bacteriophage of E. 
coli (S), vaccina virus (Q), and of different species 
of bacteria (lo), but is not active against E. 
coli (11). This implies that amino ketones 
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TABLE IV.-GROWTH KINETICS OF Staphyloco(-rus uureus“ I N  THE PRESENCE OF 0-TOLYL AMINOMETHYL 
KETONE HYDROCHLORIDE 

Drug Concn., Growth Rate, Generation Time, Final Population, Rate Constant of Bactericidal 
mcg./ml. min. -1 min. cell Action, m h - 1  

0 $0 ,01907 15.78 696 x 103 . . .  
125 $0,01322 2 2 .  i 7  213 x 103 . . .  

1 , ono - o . o m 9  . . .  9 x 1 0 8  n ,05726 
250 +O ,00973 30.94 105 X lo3 

Q Initial population, 14.6 X 103 cells of Staphylococcus a w e u s  fi638P; culture medium nutrient broth; incubation temp- 
erature, 37’. Data are average figures calculated for the first 88 min. of incubation. 

may be more reliable than amino sulfonic acids 
as growth inhibitors when they are structurally 
related to natural amino acids. The ohserva- 
tions that amino ketone analogs, H2NCHsCH2- 
COR, o f  6-alanine inhibit the growth of many 
microorganisms, whereas taurine, H2NCHyCHz- 
SO.H, the amino sulfonic acid analog of 0-ala- 
nine, functions as an essential metabolite in 
vertehrates and invertebrates have lent support 
to this viewpoint. 

The study of  the growth curve of StaphyZococ- 
cus aweus  in liquid med.ium, with and without 
the presence of drug, reveals the pattern of 
growth-inhibition. Two types of response to 
an inhibitor have been observed for o-tolyl 
aminomethyl ketone and n-heptyl P-aminoethyl 
ketone hydrochloride, respectively; these are 
referred to as types A and B. In type A, the 
plot of log viable cell count against time is 
linear up to 88 min. after inoculation, as shown 
by curves Ia, Ha, and IIIa in Fig. 2. This 
linear relationship is in agreement with the 
exponential growth law. The growth rate of 
a test bacterium is reduced by amino ketone 
hyd.rochloride; the degree of depression in- 
creases with increase in concentration of d.rug. 
Type ‘4 growth response of Staphylococcus 
aureus toward o-tolyl aminomethyl ketone 

hyd.rochloride corresp0nd.s to the type 1 response 
described by Moore and Boylen (12) for E.  coli 
toward 5-bromouracil; while type B growth 
response of Stapliylococczrs uureus to n-heptyl 
P-aminoethyl ketone hyd.roch1orid.e is equivalent 
to type 3 growth response of E.  coli toward 
pyridine-3-sulfonic acid. 

The study of the growth curves of test bacteria 
suggests an accurate method for evaluating 
the in vitro antibacterial activitv of d.rugs with 
mathematical implication. I t  serves also, as 
a means for studying the kinetics as well as 
the mode of antibacterial action, and may be 
generally applicable in the screening of anti- 
microbial agents. 
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