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Quantitative Analysis of Antimicrobial Actions of Drugs Studied
by Microbial Calorimetry
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Using microbial calorimetry technique, the antimicrobial actions of drugs were quantita-
tively studied for p-hydroxybenzoic acid alkyl esters (parabens). Parabens testd were p-hy-
droxybenzoic acid methyl, ethyl, propyl, butyl, penty! and hexyl esters.

For the purpose of obtaining the inhibitory parameters characterizing drug action, growth
behaviors of Saccharomyces cerevisiae and Klebsiella pneumoniae grown in media containing
various amounts of parabens were observed as each growth thermogram with the multiplex
calorimeter having 24 calorimetric units. Based on the growth thermograms of Klebsiella pneu-
moniae and Saccharomyces cerevisiae, 50 % growth inhibition concentrations (Kes) of each
paraben were obtained from the growth retardation times, and then the drug-potency curves were
made from the drug efficacy. The minimum growth inhibition concentrations (MICs) obtained
by analyzing the drug-potency curves showed that the effects of the drugs become more in the
order of methyl, ethyl, propyl, butyl, pentyl, hexyl esters. When comparing the affinity of the
drugs to both microorganisms based on the drug concentration required for inhibiting the growth
activity by 50 %, a linear relationship was observed to exist between the number of carbon
atoms in an alkyl chain and the affinity. In addition, an identical drug exhibited a higher ef-
fect on S. cerevisiae rather than on K. pneumoniae, which may be mainly due to the difference
in membrane structure.

From the result obtained it was concluded that the method of analysis developed here is
useful for the quantitative study of antimicrobial actions of drugs.
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Fig.1 Structural formula of p-hydroxybenzoic acid

alkyl esters.

R =CHjs, CHs, C3Hy, C4Hy, CsHyy, CgHys
(methyl ester, ethyl ester, propyl ester, butyl es-
ter, pentyl ester, hexyl ester)
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Fig.2 Growth thermograms (A) and growth curves (B)

obsereved for the growing culture of Saccha-
romyces cerevisiae in brain-heart infusion medi-
um containing various amounts of propylparaben.
The 7 curves shown in each panel correspond
from left to right to the concentration of propy-
Iparaben, O; 0.0072; 0.0102; 0.0132; 0.0144,
0.0156; 0.0168 %.
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Fig.3 The specific growth activitiy as a function of
drug concentration. Drugs are p-hydroxybenzoic
acid alkyl ester: a; methyl ester, b; ethyl es-
ter, ¢; propyl ester, d; butyl ester, e; pentyl es-
ter, f; hexyl ester. (A) Saccharomyces cerevisi-

ae (B) Klebsiella pneumoniae.
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Table 1 50% growth inhibitory concentration (Kg/mM),
minimum inhibitory concentration (MIC /mM)

and apparent affinitities (A /kJ mol ~1).

strains -R Ko /mM MIC/mM A/kJ mol !

S. cerevisiae

-Na 112.98 206.21 5.5
methyl parapen -CHs 4.47 6.69 13.6
ethyl parapen -C:Hs 2.26 3.34 15.4
propyl parapen  -CsH» 0.88 1.29 17.7
buthl parapen -C4Hs 0.39 0.66 20.0
pentyl parapen  -CsHn 0.20 0.29 215
hexyl parapen -CeH1s 0.07 0.11 24.2

K. pneumoniae

-Na 69.70 126.15 6.7
methyl parapen -CHs 6.85 18.48 12.6
ethyl parapen -CyHs 5.02 9.80 134
propyl parapen -CsH7 2.77 4.28 14.9
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Relationship between the number of alkyl carbons in p-hydroxybenzoic acid alkyl ester and the apparent drug
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