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Some Aspects of Antimicrobial Action of Glutaraldehyde

Nobuhiko Izuo,* Yoshihisa Toda, Mitsuo Okazaki,** and Isao Shibasaki

(Department of Fermentation Technology, Faculty of Engineering,
Osaka University, Suita-shi, Osaka)

The bactericidal activity of glutaraldehyde against Bacillus subtilis spores and vege-
tative cells and the inhibition of spore germination was increased with increasing pH; on the
contrary, its bacteriosatic activity was decreased with increasing pH in the test medium.

The effect of glutaraldehyde upon the macromolecular synthesis of cells during the early
logarithmic phase of B. subtilis was investigated; it was found that protein and DNA
synthesis were markedly inhibited by a minimum inhibitory concentration or below of
glutaraldehyde.

A synergistic effect of streptomycin on the bacteriostatic action of glutaraldehyde was
found against B. subtilis, Escherichia. coli, Pseudomonas aeruginosa, and Staphyloccocus
aureus. This synergistic effect was not found at pH 6.0, although it was significant at pH
7,8, and 9. It was found that the inhibition of DNA synthesis with glutaraldehyde was

markedly enhanced by the addition of streptomycin in a minimal concentration.
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Fig. 1. Effect of pH on the bactericidal activity of glutaraldehyde (1%) against

B. subtilis spores at 30°C.

a) in M/10 phosphate buffer

b) in PGY medium

The spores were harvested from a 7-day old culture in PGY medium at
30°C, washed twice with M/10 phosphate buffer and suspended in M/10

phosphate buffer at various pH values.

At intervals, samples were

removed and then plate-counted in PGY agar medium at 30°C for 40

hours.

PGY medium: peptone 0.5%, glucose 1%, yeast extract 0.3%, meat

extract 0.2%, (pH 7.0).
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Fig. 2. Fifect of pH on the bacteriostatic activity of glutaraldehyde against B. subtlis.

The 18 hour-cultured cells were inoculated at the rate of 5% to fresh PGY medium with
or without glutaraldehyde in L-type culture vessel, incubated at 30 C with shaking and the
optical density at 660 mp measured at regular intervals.

The PGY medium was adjusted as to pH by the addition of phosphoric acid or caustic soda.
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Fig. 3. Minimum inhibitory concentration of glu-
taraldehyde against early logarithmic phase cells
of B. subtilis.

The arrow indicates the time of addition of
glutaraldehyde.
Culture condition: PGY medium, 30°C, shake
. culture
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Fig. 4. Effect of glutaraldehyde on the macromo-
L, 20+ lecular synthesis of B. subtilis.
=z €) a) Protein synthesis b) RNA synthesis
g c¢) DNA synthesis
o Control Glutaraldehyde and *C-amino and (2 uCi
€ L5 or 5uCi per culture) or “C-adenine (5 pCi
@ per culture) were added to the cell suspension
'g during the early logarithmic phase in the
T 1.0+ culture medium following, which was sampled
_él" Actinomyci periodically; the cells were separated finto
5 PSugiml protein, RNA and DNA fractions by Schmidt-
8 Thanhauser-Schneider’s method and the radio-
= 05
N activity counted with a liquid scintilation
O
gxg counter.
£2 Culture medium: Glucose, 8 g//; yeast extract,
010 20 30 %0 50 60 1g/l; (NH.):SO., 4g/l; KHPO,, 27.2
Time in minutes g/l; MgSO.-7TH:O, 0.4g/l; CaCls 0.01
g/l; FeSO.-7TH0, 0.0005g/! (pH 7.0).
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Table 1. Summarized results of antibacterial action
of glutaraldehyde against B. subtilis.

Inhibition (%)

GA(pg/ml)
Mechanism 40 20

Protein synthesis 90* 70
RINNA synthesis 50 —
DNA syhthesis 100 or
Respiration 50 30

* Calculated from the data at 30 or 40 minute-
incubation indicated in Figs. 4and 5.
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Fig. 5. Effect of glutaraldehyde on the respiration
of B. subtilis.

During early logarithmic phase 1.75ml of cell
suspension was taken in Warburg’s vessel, added
diluted glutaraldehyde solution, measured oxygen
uptake by the ordinary procedure.
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NIBEMIZ, E. coli, Staph. aureus, Ps. aerugino-
sa, B. subtilis. T3 T, Aer. acrogenes, S. lutea,
Brevibacterium sp., Han. anomala, S. cerevisiae,
C. albicans, P. citrinum, R. nigricans, Chaet.
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Fig. 6. Synergistic effect of streptomycin on the
bacteriostatic activity of glutaraldehyde.

—O— Staph. aureus —A— E. coli
~— x — Brevibacterium sp.

The 20 hour-cultured cells were inoculated at
the rate of 5% to PGY medium with or without
test drug(s) in an L-type vessel, incubated at
30°C with shaking, and the optical density at
660 mu measured after 2, 4,6, and 24 hours.

Bacteriostatic activity in a combination of two
drugs or alone was indicated by 509 inhibition
concentration. The synergistic effect was deter-
mined from a curve obtained by plotting a 50%
inhibition concentration with glutaraldehyde,
streptomycin, or their combination.

MR ZRU: (Fig. 7). MHSEE T +5%
EMDOREMRIC X > THEENH D, B. subtilis OxF
HOEMIOMIR TIHIZE A CHEERRED SN H -
7z,

TEHEMD B. subtilis OHIEAE FV7- B4 DHEES
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30 pg/ml, GA 12 pg/ml+SM 50 pg/ml, GA 25 pg/
ml+SM 125 pg/ml %HF 2 CEMTEZ. DS
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&, B.subtilis x4 BEERR, FEREN, Eab
LU RNA SEBREIC U T SHEESRIZAENIX
NI - 7205, DNA ABRBEEICH L THEOHS A
VX SHEDRDOH D EBRNIEIN. T
t Table 2 ICRU kDI, GA BT 12 pg/ml
TH DD DNA ABRMEED -5, DNA
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Fig. 7. Effect of pH on the synergism between streptomycin and glutaraldehyde against B. subtilis.
Experimental conditions were similar to those described in Fig. 6.

Table 2. Synergistic effect of streptomycin upon the inhibition of macromolecular
synthesis and respiration in B. subtilis with glutaraldehyde.

Experimental conditions were similar to those described in Fig. 4, except
that cell suspensions from the stationary phase were used.

Inhibition (%)
Mechanism
SM 50ug/ml GA 12 pg/ml GA 12 pg/ml+SM 50 pg/ml
Respiration 10%* 50 55
Protein synthesis 0 67 67
RNA synthesis 0 59 59
DNA synthesis 0 57 100

* Calculated from the data at 2 hrs incubation
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