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Microbial Degradation of
Disinfectants. A New
Chlorhexidine Degradation
Intermediate (CHDI), CHDI-C,
Produced by Pseudomonas
sp. Strain No. A-3
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To clarify the degradation pathway of chlor-
hexidineby amicrobe, Pseudomonassp. Strain No. A-
3, the isolation and identification of microbial chlor-
hexidinedegradation productswereattempted. A new
chlorhexidine degradation intermediate (CHDI),
named CHDI-C, was isolated by extraction with
ethylacetate, n-butanol, column chromatography us-
ing Silica gel, and purified by preparative thin layer
chromatography. Thechemical structureof thisprod-
uct wasexamined by infrared, 'H NMR, *C NMR and
fast atom bombardment mass spectra studies. Based
on the spectroscopic data, this product was assumed
to beamodified compound of chlorhexidine (molecu-
lar weight, MW; 530). From the proposed structure,
CHDI-C was assumed to be a new chlorhexidine deg-
radation intermediate.
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INTRODUCTION

Chlorhexidine (N, N”-Bis(4-chlorophenyl)3-12-
diamino-2, 4, 11, 13-tetraazatetradecanediimid-
amide, CH) is active against Gram-positive, -nega-
tive bacteriaand fungi. CH isreleased into the envi-
ronment through its widespread use as a disinfec-
tant in hospitals and medical schools (amount used
60.8 t, 2003. 4-2004. 3, Sumitomo Chemical Indus-
tries, Ltd.). The microbia degradation of CH, how-
ever, has not yet been clarified, though its treatment
with activated sludge has been reported.*? We at-
tempted to isolate from activated sludge the micro-
organisms able to degrade CH, and to examine the
chlorhexidine-degrading activity of isolates.® We
also reported the treatment by activated sludge of
CH® and determination of CH in waste waters by
HPLC.® Pseudomonas sp. strain No. A-3 isolated
from the sludge was able to utilize CH as the sole
nitrogen source for growth.® This strain was found
to form transient intermediates, detectable on HPLC,
during microbial degradation.® To clarify the mecha-
nisms of action on CH by this strain, we attempted
to isolate the chlorhexidine degradation intermedi-
ates (CHDI) and chlorhexidine aromatic degrada-
tion products (CHADP). CHDI-B, CHDI-BR and
CHDI-D werethe pyruvate bond compoundsto CH”
and CHADP-5® was product of direct degradation
of CH. From these results, we concluded that CH
was degraded via two pathways (one is a modified
degradation pathway and the other is a direct degra-
dation pathway) by strain No. A-3. To clarify the
two degradation pathways of CH by this strain, we
attempted to isolate the chlorhexidine degradation
products from the cultue filtrate. In this paper, the
isolation and chemical structure of CHDI-C, are
described, together with the relationship between
CHDI-B and C.

MATERIALS AND METHODS

M aterials —— Chlorhexidine gluconate (20% so-
lution) was purchased from Sumitomo Chemical
Industries, Ltd. (Osaka, Japan) and was purified be-
fore using. All other chemicals were guaranteed to
be of the best grade commercially available.

Apparatus, Analysis, and Measurement of
Chlorhexidine Degradation Inter mediates —
HPL C was done using jacketed stainless steel ana
lytical column (2500 x 4 mm i.d.) packed with
Lichrosorb RP-select B (7 um). The mobile phase
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Table 1. Antimicrobia Activities of Chlorhexidine and Chlorhexidine Degradation Intermediates

(CHDI-B and -C)
MIC (ug/ml)

Microorganism Chlorhexidine CHDI-B CHDI-C
Bacillus subtilis PCI-219 10 100 100
Saphylococcus aureus | FO-3060 10 50 50
Escherichia coli IFO-3301 20 200 200
Proteus vulgaris IFO-3167 20 200 200
Pseudomonas aeruginosa |FO-3923 100 1000 1000
Serratia marcescens | FO-3046 100 > 1000 > 1000

was methanol-water (75 : 25, v/v, pH 4.0) contain-
ing 0.005 M heptanesulfonic acid.® Detection and
measurement of chlorhexidine degradation interme-
diates were measured by HPL C using the method of
Huston® as described in the previous paper.® The
IR spectrum was taken in KBr tablets on a JEOL
JIR-6500W infrared spectrophotometer. Fast atom
bombardment mass spectrum (FAB-MS) with glyc-
erol as a matrix was recorded with a JEOL JMS-
DX303HF ion source (3 kV accelerating potential)
and the IMS 3500 data system. A xenon atom beam
source (6 kV accelerating potential) was used. *H,
13C NMR, *H-H correlation spectroscopy (COSY)
and heteronuclear multiple quantum coherance
(HMQC) spectrawere taken on JEOL INM GX-400
spectrometersin CD,0OD solution with trimethylsilyl
(TMS) as an internal standard.

Microorganisms and Fermentation —— Strain
No. A-3isolated from activated sludge, as described
in the previous paper,® was used for the microbial
degradation of CH. Stock cultures of this strain were
maintained in nutrient agar slants containing CH at
2000 ug/ml or growth medium agar slants® contain-
ing CH at 200 ug/ml. The growth medium used for
nitrogen-limited growth was described in the previ-
ous paper.® Shaking culture fermentations were car-
ried out with 30 ml of a growth medium in 200 ml
Erlenmeyer flasks on a rotary shaker (180 rpm).
Suspension from adlant culture were inocul ated into
a growth medium containing CH (100 ug/ml). The
seed culture was incubated for 48 hr at 37°C on a
rotary shaker (180 rpm). 500 ml of the resultant seed
culture was inoculated in a 30-1 jar fermentor con-
taining 131 of growth medium containing CH
(100 ug/ml). Fermentation was carried out for 96 hr
or 1 week at 37°C with agitation (350 rpm) and aera-
tion (15 I/min).

Purification of CHDI-C —— All the purification
steps were monitored by HPLC. The culture filtrate

(121) was used as a starting material for the isola-
tion of CHDI-C. The culture filtrate was adjusted to
pH 9.0 with 1 n NaOH and extracted twice with
ethylacetate (1/3 volume of culture filtrate) to re-
move CH. Aqueous layer was extracted twice with
n-butanol (1/4 volume of agueous layer). The n-bu-
tanol layer was concentrated in vacuo to obtain crude
powder. The crude powder was then subjected to
column chlomatography on silica gel. The column
was developed with solvent mixture (n-propanol-
ethylacetate-2.5% aqueous ammonia=3:4: 1) to
obtain crude CHDI-C. Purification of CHDI-C was
carried out on preparative TLC used with solvent
mixture A (n-propanol-ethylacetate-2.5% aqueous
ammonia= 3: 2: 1) and B (n-butanol-ethylacetate-
water = 3: 4: 1). CHDI-C fraction was eluted with
methanol from TLC and concentrated in vacuo to
obtain purified CHDI-C (6.0 mg).

Minimum Inhibitory Concentration (MIC) of
CHDI-C ——Theseria agar dilution method'® was
applied in this study using a nutrient agar as an as-
say medium. The test organisms used for the study
aregivenin Table 1.

RESULTS AND DISCUSSION

Detection of Chlorhexidine Degradation I nterme-
diate, CHDI-B and C, Produced by Pseudomo-
nassp. Strain No. A-3

The HPL C chromatograms of culture filtrate of
strain No. A-3 are shown in Fig. 1. The retention
times of CHDI-C, CHDI-B and CH were 4.1, 5.2
and 6.4 min, respectively. At first, CHDI-B was
formed with the decrease of CH. On the other hand,
CHDI-C appeared after 36 hr of incubation. In the
case of the CHDI-B instead of CH as the sole nitro-
gen source for growth, the HPLC chromatograms
of culture filtrate of strain No. A-3 also revealed the
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Fig. 1. HPLC Chromatograms of Culture Filtrate of Strain
No. A-3

decrease of CHDI-B and emergence of CHDI-C. It
was assumed that CHDI-B was converted to CHDI -
C.

Structure Elucidation of CHDI-C

CHDI-C isawhite powder with amp of 140°C.
It was positive to the sakaguchi reaction. The com-
pound was soluble in methanol or ethanol, but in-
soluble water and chloroform. The IR absorptions
were observed at 3480, 1500, 1640 and 1430 cm™
in the IR spectrum due to the amino, imino and me-
thylene groups, respectively. The *H and *C-NMR
spectra of CHDI-C are shown in Fig. 2. From the
results of *H, *C and HM QC experiment, single me-
thylene (8, 4.2, 6. 124) and methine (5, 4.6, 6. 125)
signals were recognized in addition to those of
chlorhexidine. In the *H-*H COSY spectrum, a cor-
relation between the methylene and methine signals
was recognized. The molecular ion peak of CHDI-
Cwasobtained at myz531 (M + H)* by positive FAB-
MS. The molecular weight of CH and CHDI-B is
504, and 576, respectively. From the result of the
CHDI-B and C production (Fig. 1), the structure of
CHDI-B® and FAB-MS of CHDI-C, the CHDI-C
was thought to be produced by decarboxylation of
CHDI-B and the loss of carbon dioxide (Fig. 3).

Biological Propertiesof CHDI-C
The antimicrobial spectraof CHDI-B and C are
shown in Table 1. The antimicrobial activity of
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Fig. 2. *H- and BC-NMR Spectra of CHDI-C in CD,0OD
(400 MHz)
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Fig. 3. Structure of Chlorhexidine and Proposed Structures of
CHDI-B and CHDI-C
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Fig. 4. Degradation Pathway of Chlorhexidine by Strain No. A-3

CHDI-B, -C, -BR” and D decreased to 1/5-1/10
that of CH. It was suggested that A-3 attaches pyru-
vate to the guanidyl group of CH, and decreasesthe
antimicrobia activities. Serratia marcescens |FO-
3046 became resistant to CH and also modified CH
to CHDI-B.™ It was suggested that one mechanism
of resistance to CH by some bacteria may be related
to CHDI-B formation. On the other hand, CHADP-
5 (p-chlorphenylurea) and p-chloraniline do not have
antimicrobial activity. Strain No. A-3 directly uti-
lizes CH as a sole nitrogen source for growth. Itis
interesting to note that this strain has two degrada-
tion pathways (Fig. 4), one is a modified degrada-
tion pathway and the other is a direct degradation
pathway.
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