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Abstract

To produce an active metabolite of Chlordiazepoxide by fungal biotransformation in an easy and
economic way and also to develop microbial models for drug metabolism studies. Chlordiazepoxide
metabolized in the liver by CYP3A4 and forms major active metabolite N-desmethyl chlordiazepoxide.
The focus of the study was to explore the ability of six distinct fungi to biotransform the drug
Chlordiazepoxide to its metabolites. Induction, Inhibition and kinetic studies were also conducted to find
out the type and capability of enzyme involved in fungal biotransformation. The screening studies were
performed and fermentation protocol was designed with two controls (culture control and drug control)
and one sample. Extract metabolite samples were reconstituted and analysed using HPLC. Induction,
Inhibition studies were conducted similarly by maintaining its respective controls using CYP3A4 inducer
(Carbamazepine) and inhibitor (Fluoxetine), further kinetic studies were performed to find Km and
Vmax of fungal biotransformation of Chlordiazepoxide. Among six organisms Aspergillus ochreus has
shown an extra peak at 6.9 min. in HPLC when compared with its controls indicated the formation
of metabolite. The metabolite thus formed was identified, isolated and structure was confirmed by
mass spectrometry and NMR spectroscopy as Nor-chlordiazepoxide. During inhibition and induction
studies, it was found that quantity of the metabolite was increased with inducer and decreased with
inhibitor. The Km and Vmax of fungal metabolism of Chlordiazepoxide was 1.928 pg/ml and 0.1802
ug/mi/hr respectively. Aspergillus ochreus has the ability to biotransform the Chlordiazepoxide to its
active metabolite by CYP3A4 like enzyme and it followed Michaelis-Menten kinetics.
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INTRODUCTION

Chlordiazepoxide which is chemically
known as 7-chloro-2-methylamino-5-phenyl-
3H-1,4 benzodiazepine-4-oxide and it is an anti
epileptic drug. Metabolism Chlordiazepoxide is
metabolised in liver via N-demethylation and results
in formation of an active metabolite N-desmethyl
chlordiazepoxide (Norchlordiazepoxide). It
undergoes deamination to form the demoxepam,
and demethylation to form Norchlordiazepoxide,
this step is very rapid in metabolism of
chlordiazepoxide.!

Chlordiazepoxide was selected in the
current study because, it was evident that active
metabolite, N-desmethyl chlordiazepoxide
has supreme pharmacological activity than its
parent drug in mammals. Chlordiazepoxide is
a substrate for CYP3A4 in mammals. Fungal
metabolism studies were proved as potential
suitable methods because of their inherent
enzymatic systems which can produce variety
of chemical compounds when compared to
synthetic procedures.”?” In this context, fungal
biotransformation studies are essential to produce
active metabolite of chlordiazepoxide by fungiand
also to develop microbial model for 3A4 enzyme.
Hence, in present study, screening of fungi for
their ability to biotransform chlordiazepoxide was
conducted to identify the fungi which could be
able to biotransform the chlordiazepoxide. Then,
nature of enzyme in the fungi was determined
by metabolism induction and inhibition studies.
The affinity of the fungal enzymes towards drug
together with the effect of concentration of
substrate drug and incubation time on percentage
of metabolite formation by the fungi was estimated
by enzyme kinetic studies.

MATERIALS AND METHODS

Fungi

Aspergillus niger (NCIM-589), Aspergillus
fumigatus (NCIM-902), Aspergillus ochreus
(NCIM-1140) Cunnighamella elegans (NCIM-
689), Cunnighamella blackesleeana(NCIM-691),
Cunnighamella echinulata (NCIM-687), were
obtained from National chemical laboratory(NCL)
Pune, India.

Chemicals

Chlordiazepoxide was a gift sample from
Lake Chemicals, Bangalore. Remaining chemicals
were procured from S.D fine chemicals. The
solvents used for analysis were HPLC grade and
obtained from Indian scientific Pvt Itd, Tirupati,
A.P.

Stock Culture Maintenance

All cultures were maintained on agar
slants at 4°C*® and viability of all cultures was
sustained by frequent sub culturing for every 6
months. The suitable growth medium for fungal
cultures is Potato dextrose broth.® The growth
medium was sterilised before use by autoclaving
at 121°C for 30 min.?°

Fungal Screening Studies

Screening studies were carried out by
keeping three 250 ml Erlenmeyer flask containing
50ml of broth media for drug control, culture
control and sample for each culture. Among three
flasks, drug alone was added to broth medium
without culture to drug control flask. One loopful
of respective fungi culture was added to culture
control flask without drug addition. Sample flask
is added with both drug and culture. All the flasks
were subjected to incubation in shaker incubator.
(CIS 24Remi instruments, Mumbai, India) for
72 hrs under uniform conditions to attain the
adequate growth of fungi for biotransformation
of Chlordiazepoxide.?* Then drug and formed
metabolites were extracted to perform further
analysis in HPLC.

Inhibition and Induction Studies

In mammals, Chlordiazepoxide was
metabolised by CYP 3A4 enzyme.? The present
study was concentrated to conduct enzyme
inhibition and induction studies with the help of
CYP 3A4 inducer (carbamazepine) and inhibitor
(fluoxetine) to identify the nature of enzyme
accountable for the production of metabolite of
Chlordiazepoxide with the confirmed fungus from
screening studies. For induction and inhibition
studies, 6 flasks, one sample and five controls were
set, which were namely Blank | (drug control),
Blank Il (Culture control) comprises of selected
fungus, Blank llI (inhibitor/inducer control), Blank
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IV (inhibitor/inducer and substrate control) and
Blank V (Culture +Inhibitor/Inducer control) to
inspect the intervention of substrate, inhibitor/
inducer in association with the media. Sample for
induction and inhibition studies contained drug,
inducer/inhibitor and culture. Stock solutions
of 1mg/ml concentration of Chlordiazepoxide,
CYP3A4 inducer (Carbamazepine) and inhibitor
(Fluoxetine) were prepared separately. Assigned
flasks containing 50 ml of potato dextrose
broth were aseptically transferred with 0.5ml
of drug solution, inhibitor solution and inducer
solution from prepared stock solutions and fungal
culture as per aforementioned protocol. All the
flasks were incubated for 72 hrs and contents
were subjected to inactivation and extraction.
The formed metabolites after extraction were
analysed in similar to screening studies. Then, the
percentage metabolite formed was calculated with
the help of peak areas of metabolite found in HPLC
chromatograms.*

Enzyme Kinetic Studies

The enzyme affinity towards the given
substrate drug in the fungal biotransformation was
evaluated by these enzyme kinetic studies. The
confirmed fungal strain was inoculated in labelled
sample flasks consisting different substrate
(Chlordiazepoxide) concentrations like 10ug/ml,
20ug/ml, 30ug/ml, 40 ug/ml, 50 pg/mland 60 pg/
ml, and incubated at predetermined conditions.
Samples were collected aseptically from each
flask at different incubation time intervals
like 24,36,48,60 and 72 hrs and each sample
extracted for the metabolite and the percentage
of metabolite formed at each concentration
of substrate and different time points was
calculated.?

Extraction Method

Samples collected after pre fixed
incubation period in all the above studies were
heated to inactivate the grown fungi at 50°C for
30 minutes. Then centrifugation was done at
3000 rpm for 10 min for all samples. (Laboratory
Centrifuge C-854/8, Remi instruments, Mumbai,
India). Supernatant was collected from all
tubes and were stored in refrigerator. Diethyl
ether was used to treat supernatant to extract
Chlordiazepoxide and formed metabolites.?>%¢

Then organic layer was collected in screw cap
bottles and kept for air drying. The dried samples
were analysed by HPLC after reconstitution with
mobile phase, besides pure drug Chlordiazepoxide
was also injected into HPLC to set it as a standard.”’

Analytical Methods
High Performance Liquid Chromatography?*?
Extracted drug and metabolites were
isolated by using a phenomenex luna 5u C18(2)
100A 250 X 4.60mm (Phenomenex, USA) column
and solvent system consisted of Methylene
chloride: methanol (0.5:9.5) at a flow rate of 1ml/
min in a HPLC system (Shimadzu, Kyoto, Japan)
with LC 20 AD pump solvent delivery module
and SPD 20AV UV detector. Sensitivity was set at
0.0001aufs. The UV detector wavelength was set
at 217 nm. The mobile phase was filtered through
a 0.45 um filter, degassed using sonicator for 15
min. and run time was set for 30 min.

Mass Spectrometry and Proton Nuclear Magnetic
Resonance Spectroscopy

The metabolite found in samples of fungi
screened at the time of elution in HPLC analysis was
collected. The molar mass of the formed metabolite
was analysed through Mass spectrometry. Mass
spectrometer (Agilent technologies, Germany)
model was APl 3000MS operated in the electron
spray ionization (ESI) mode. lonization was carried
out in positron mode using ion trap detector (3.5
kV, 325°C, 210 psi). The structural confirmation
of metabolite isolated from HPLC was done by 1H
NMR spectroscopy by BRUKER AVANCE 500 MHz
NMR spectrometer while the solvent used for
analysis of Chlordiazepoxide and its metabolite
was Deuterated methanol.*

Quantification of Metabolite

The quantification of the metabolite
formed in terms of percentage was obtained from
peak area of metabolite samples collected during
induction, inhibition and kinetic studies in relation
to the peak area of drug in HPLC analysis.*

Kinetic Studies

The data obtained while kinetic studies
in terms of percentage metabolite was exported
to Micro Soft EXCEL to find out the velocity of
reaction by plotting graph between incubation
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time and percentage metabolite formed at each
concentration of substrate from the slope of
the graph. Later the velocity obtained for each
concentration by above method was applied to
the Michaelis—Menten equation using nonlinear
regression in Graph Pad Prism 5.0 and best-fit
values for Km and Vmax were obtained in terms
of correlation coefficients which were serve as
indicators to find the extent of affinity of fungal
enzyme towards Chlordiazepoxide.32%

RESULTS

Screening Studies
High Performance Liquid Chromatography

In this proposed research work,
six different fungi were screened to study
biotransformation of chlordiazepoxide. The results
of HPLC analysis data is given in Table 1. HPLC
chromatogram of chlordiazepoxide is shown in
Figure 1. In HPLC analysis of six fungal cultures,
sample of Aspergillus ochreus culture has shown
an extra peak at 6.9 min. when compared with its
two controls among which blank | (drug control)
showed the presence of drug peak at retention
time of 13.5 min which was coinciding with drug
peak in chromatogram of chlordiazepoxide while
no drug peak was observed in chromatogram of
the blank Il (culture control). The peak at retention

time of 2.6 minutes depicted solvent peak found
in all the three samples. The extra peak in HPLC
chromatogram of sample of Aspergillus ochreus
is indicative for formation of metabolite due to
the biotransformation of chlordiazepoxide by
Aspergillus ochreus and it is represented in Figure
2 and in Table 1. No extra peaks were observed in
the samples of other cultures when compared with
their controls. Since, this fungus alone metabolised
chlordiazepoxide, the elute of extra peak was
collected from HPLC and further analysed by
Mass and 1H NMR spectroscopy to confirm the
metabolite structure and to establish its metabolic
pathway in fungi.

Mass Spectrometry

Mass spectrum of drug and metabolite
and its fragmentation pattern are shown in Figure
3,4 and 5. Mass spectrum of chlordiazepoxide was
compared with mass spectrum of metabolite CDM.
The mass spectrum of drug has shown a molecular
ion peak at m/z 300.75 (M+1) which is equal to
the molecular weight of chlordiazepoxide as in
Figure 3.

Mass spectrum of CDM, a metabolite
produced by Aspergillus ochreus has shown a
molecular ion peak at m/z 285.90 [M+1] that
is equal to the molecular weight of Desmethyl
chlordiazepoxide as shown in Figure 4. The

Table 1. The results of HPLC analysis of chlordiazepoxide and its metabolites in different culture extracts

Name of the organism

Retention Time (min.)

Blank | Blank Il Sample Standard
(Drug control) (Culture control)

Cunnighamella elegans 2.6 2.6 2.6 13.5
(NCIM-689) 13.5 13.5
Cunnighamella 2.6 2.6 2.6 13.5
echinulata (NCIM-687) 13.5 13.5
Cunnighamella 2.6 2.6 2.6 13.5
blackesleeana (NCIM-691) 13.5 13.5
Aspergillus niger 2.6 2.6 2.6 13.5
(NCIM-589) 13.5 13.5
Aspergillus 2.6 2.6 2.6 13.5
fumigatus (NCIM-902) 13.5 13.5
Aspergillus ochreus- 2.6 2.6 2.6 13.5
(NCIM-1140) 13.5 6.9*%(CDM)

13.5
“*” — Metabolite peak
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structure of Desmethyl chlordiazepoxide is also
supported by its fragment peaks at m/z 250 and
269 as per mass fragmentation pattern shown in
Figure 5.

Proton NMR Spectroscopy

The structure of metabolite, CDM was
further confirmed by proton NMR spectroscopy.
proton NMR spectrum of chlordiazepoxide is
shown in Figure 6 was used to compare with
proton NMR spectrum of metabolite.

N-desmethyl chlordiazepoxide, the
structure of CDM was confirmed by the absence
of a triplet at 6 0.79 in its proton NMR spectrum
(Figure 7) stated the loss of methyl group from
the structure of the drug, and appearance of a
doublet at 6 8.51 represented the presence of
NH2 group (possible by loss of methyl group). NMR
proton assignment of chlordiazepoxide and its
metabolite, CDM is represented in Table 2. Hence,

<Chromatogram>

the formation of N-desmethyl chlordiazepoxide,
an active metabolite of chlordiazepoxide was
confirmed.

Induction and Inhibition Studies of Fungal
Metabolism

It was found that, an active metabolite
N-desmethyl chlordiazepoxide was formed by
Aspergilus ochreus similar to mammals.** So,
microbial metabolism induction and inhibition
studies were conducted to identify the nature
of enzyme involved in fungal biotransformation
of chlordiazepoxide, using CYP 3A4 inducer
(carbamazepine) and inhibitor (fluoxetine). The
results of HPLC data of chlordiazepoxide and its
metabolite (CDM) during induction and inhibition
studies by Aspergilus ochreus is represented in
Table 3. The percentage of metabolite, CDM was
found to be increased in the presence of CYP 3A4
inducer and decreased in the presence of CYP 3A4
inhibitor.

D:\CDP KEERTHANA\DATA\cdpstd8.lcd

mV

1250

1000+

7504

250

> 2.604

Det.A Ch1

13.578

0 —

0.0 25 5.0 75

1 DetACh1/216nm

10.0 125 15.0 17.5 20.0
min

Peak Table
Detector A Chl 216nm
Peak# Ret. Time Area Height Area % Height %
1 2.604 2423229 105387 8.264 8.185
2 13.578 26899615 1182096 91.736 91.815
Total 29322845 1287483 100.000 100.000

Figure 1. HPLC chromatogram of chlordiazepoxide

Journal of Pure and Applied Microbiology 2840

www.microbiologyjournal.org



Keerthana & Vidyavathi | J Pure Appl Microbiol. 2022;16(4):2836-2850. https://doi.org/10.22207/JPAM.16.4.57

Metabolite-CDM

Percentage of metabolite formation
was increased in case of samples incubated with
Aspergillus ochreus in presence of CYP 3A4 inducer
from 8.8% to 9.7 % (Figure 8) and in presence of
CYP 3A4 inhibitor it was decreased to 0.26% (Figure
9). It demonstrated that, CYP 3A4 like enzyme
might be involved in the biotransformation of
chlordiazepoxide by Aspergillus ochreus.

<Chromatogram>

Enzyme Kinetic Studies

Enzyme kineticstudies of Chlordiazepoxide
metabolism were conducted with Aspergillus
ochreus for metabolite, CDM. Six different
substrate concentrations (10ug/ml to 60ug/
ml) were used in this study. The results of HPLC
analysis obtained in the form of peak area were
used to calculate percentage metabolite formed
at different time points at each concentration.

D:\CDP KEERTHANAWDATA\cdpasosam1.lcd
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- Det A Ch1
200
- 5
100 §
i é k
o] T — ~r s
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1 Det A Ch1/216nm e
Peak Table
Detector A Chl 216nm
Peak# Ret. Time Area Height Area % Height %
1 2.604 191026 30958 5.993 10.369
2 6.951 878208 85731 27.552 28.714
3 13.578 7728230 8171 67.254 62.737
Total 8797644 124860 100.000 100.000
Figure 2. HPLC chromatogram of chlordiazepoxide from culture extracts of Aspergillus ochreus
H
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Figure 3. Mass spectrum of chlordiazepoxide
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For each concentration of substrate, a graph was
plotted between percentages of metabolite v/s
incubation time. Slope values obtained from each
plot were considered as velocity of metabolic
reaction at each concentration.

During enzyme kinetic studies, samples
were analyzed by HPLC after collecting at regular
incubation time intervals of 24,36,48,64 and 72
hrs. The graphs plotted between percentage of
metabolite v/s incubation time were analyzed
to find out the effect of incubation time on
metabolite formation and velocity of reaction.

As the incubation time was increased the
percentage metabolite (CDM) formation was also
increased up to 72 hrs of incubation with all six
concentrations of substrate as shown in Figure 10.

Percentage of metabolite CDM formed
during kinetic studies of chlordiazepoxide

metabolism by Aspergillus ochreus at different
incubation time points with six concentrations of
substrate represented in Table 4.

Slope values obtained from plots drawn
between percentages of metabolite (CDM) v/s
incubation time, for six different concentrations
which were considered as velocity of metabolic
reaction by enzyme in Aspergillus ochreus as
represented in Table 5.

Six different substrate concentrations (10
pg/ml - 60pug/ml) were used to study the influence
of substrate concentration on percentage of
metabolite formation (CDM) for an incubation of
72 hrsandis outlined in Figure 11. The percentage
of formation of CDM was increased with increase
in substrate concentration from 10 to 60ug/ml.
Then, the velocity of reaction (Table 5) was plotted
against substrate concentration (Figure 12) by

NH >
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Figure 4. Mass spectrum of chlordiazepoxide metabolite, COM
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Figure 5. Mass fragmentation pattern of chlordiazepoxide metabolite, CDM
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applying Michaelis-Menten kinetics in Graph Pad  DISCUSSION
Prism 5.0 software to get kinetic parameters Km
and Vmax. Velocity of reaction was increased with ~ Screening Studies
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Figure 7. Proton NMR spectrum of chlordiazepoxide metabolite, CDM

Table 2. NMR proton assignment of chlordiazepoxide and its metabolite, CDM

Compound Name  1H NMR proton assignment

Chlordiazepoxide  0.79(s,3H,CH,), 2.0(s,1H,0OH), 4.42(s,2H,CH,), 6.80(s,1H,H), 7.33-7.46(m,4H, CH), 7.50-7.53
(s,1H,CH), 7.97-7.97(d,2H,H ethylene).

Metabolite, CDM  2.0(s,1H,0H), 4.42(s,2H,CH,), 6.80(s,1H,H), 7.33-7.46(m,4H, CH), 7.50-7.53(s,1H,CH), 7.97-
7.97 (d,2H,H ethylene), 8.51(d,2H,NH,)

* Bold face indicates that additional peaks observed in the respective proton NMR spectra
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its active metabolite was investigated using six
fungal cultures. The similar enzymatic systems like
CYP 450 enzymes important for biotransformation
of chlordiazepoxide may be present in fungi,
hence, any one of these may have capacity
to biotransform chlordiazepoxide to its active
metabolite, N-desmethyl chlordiazepoxide. The
transformation of chlordiazepoxide was inspected
in the present study using fermentation method
and HPLC analysis. Six fungi were incubated
on rotary shaker for 72 hrs as per protocol and
analysed their extracts by HPLC method. Among
six, the sample of Aspergillus ochreus has shown
an extra peak in HPLC compared to their respective
controls (Figure 2). Hence, this was designated that
it has capacity to biotransform chlordiazepoxide
to its metabolite, CDM, when samples of other
organisms were correlated with their controls,
identical peaks were found in samples and controls
indicated no metabolite was formed by other
organisms. (Table 1)

Metabolite-CDM

The sample of Aspergillus ochreus
has shown an extra peak at retention time of
6.9 min. when compared with its controls as
given in Table 1 and in Figure 2. The extra peak
indicated the formation of chlordiazepoxide
metabolite, CDM by Aspergillus ochreus. Mass
spectrum of chlordiazepoxide metabolite [CDM]
formed by Aspergillus ochreus [Figure 4] has
shown 15Da lower molecular weight than that
of chlordiazepoxide [Figure 3] which suggested
the loss of methyl group from parent drug
structure. The structure of metabolite CDM was
also supported by the mass fragments at m/z
250 and 269 [Figure 5]. 1H NMR spectrum of
CDM has shown peak at 6 8.59 represented the
presence of NH2 group [Figure 7]. The peak at
0.79 which is a representative of protons in methyl
group is present only in proton NMR spectrum
of Chlordiazepoxide and not identified in the
proton NMR spectrum of CDM. Whereas the

<Chromatogram>
D:\CDP KEERTHANA\DATA\cdp 1 led
mV
DetA<h1
750
500
[}
S
©
250
2
RN —
T T T T T T T
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0
min
1 Det. A Ch1/216nm
Peak Table
Detector A Ch1l 216nm
Peak# Ret. Time Area Height Area % Height %
1 2.670 2348597 108694 8.862 12.694
2 6.928 992868 501429 10.30 31.88
3 13.578 9630819 962589 80.828 55.526
Total 12972284 1572712 100.00 100.00

Figure 8. HPLC Chromatogram of chlordiazepoxide in the presence of carbamazepine from culture extracts of

Aspergillus ochreus (CYP3A4 induction study)
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formation of free amino group in CDM suggested
loss of methyl group at amino position indicated
N-desmethylation. So, the metabolite CDM was
confirmed as N-desmethyl chlordiazepoxide.

1H NMR proton assignment of
chlordiazepoxide and metabolite was also
supported the structure of metabolite
[Table 2]. The metabolite formed was N- desmethyl
chlordiazepoxide, an active metabolite of

chlordiazepoxide. Hence, the formation of
an active metabolite of chlordiazepoxide by
Aspergillus ochreus was observed from above
results.

Chlordiazepoxide is extensively
metabolised to an active metabolite ‘N-desmethyl
chlordiazepoxide’ by in-vitro liver microsomes
in human.®*® and other mammals®”*® similar to
metabolite acquired in case of Aspergillus ochreus
in the present study.

<Chromatogram>
D:\CDP KEERTHANA\DATA\ sam2 lod
nVvV
Det A<h1
750
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g 3
S s
A ) —
T ] ] 1 T L T
0.0 25 50 75 10.0 125 15.0 175 20.0
min
1 DetACh1/216nm
Peak Table
Detector A Ch1 216nm
Peak# Ret. Time Area Height Area % Height %
1 2.670 2348597 108694 8.862 12.694
2 6.941 22424 32362 0.19 0.257
3 13.578 8924663 12427414 90.94 87.043
Total 11295684 12568470 100.00 100.00

Figure 9. HPLC Chromatogram of Chlordiazepoxide in the presence of fluoxetine from culture extracts of Aspergillus

ochreus (CYP3A4 inhibition study)

Table 3. HPLC data of induction and inhibition studies

of chlordiazepoxide biotransformation

Name of the organism Type of study Name of drug Peak area (mV/s) Percentage
metabolite
Drug  Metabolite formed
Aspergillus ochreus Biotransformation Chlordiazepoxide 7728230 878208 8.8
study
Induction study Carbamazepine 9630819 992868 9.7
(as CYP 3A4 inducer)
Inhibition study Fluoxetine 8924663 22424 0.26
(as CYP 3A4 inhibitor)
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Metabolism Induction and Inhibition Studies

CYP 3A4 enzyme is involved in
mammalian metabolism of chlordiazepoxide
to form N-desmethyl chlordiazepoxide. Hence,
whether the enzyme like CYP3A4 is involved
in fungal metabolism of chlordiazepoxide or
not was examined by induction and inhibition
studies using CYP 3A4 inducer (carbamazepine)
and inhibitor (fluoxetine). The enzymes involved
in biotransformation of chlordiazepoxide by
Aspergillus ochreus to form N-desmethyl
chlordiazepoxide was confirmed by induction and
inhibition studies by calculating the percentage of
metabolite formed during induction and inhibition
studies.

Metabolite-CDM
In case of samples incubated with
Aspergillus ochreus, the percentage metabolite

Table 4. Percentage metabolite formed during kinetic
studies by Aspergillus ochreus

(CDM) formation was increased in the presence
of CYP 3A4 inducer and decreased in the presence
of CYP 3A4 inhibitor [figure 8 and 9, Table 3].
It indicated that CYP 3A4 like enzyme might
be involved in the fungal biotransformation
of chlordiazepoxide by Aspergillus ochreus to
form ‘CDM’, an active metabolite N-desmthyl
chlordiazepoxide.

It is confirmed that, the involvement of
CYP 3A4 like enzyme in fungal biotransformation
of chlordiazepoxide similar to mammals.

Enzyme Kinetic Studies

The enzyme kinetic studies are vital to
find out the affinity of fungal enzyme towards the
substrate by estimating kinetic parameters like Km
and Vmax.

Table 5. Slope values for metabolite, CDM with six
different concentrations

Substrate Incubation time (hrs.)
concen.
(ng/ml) 24 36 48 60 72
10 090% 160% 29% 67% 7.6%
20 098% 161% 3.0% 69% 7.7%
30 101% 162% 3.11% 70% 7.75%
40 1.04% 1.62% 3.12% 7.03% 81%
50 1.05% 163% 3.13% 71% 83%
60 1.06% 165% 3.16% 72% 91%

10 +
=
=
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2
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<
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G 4
2 2
L
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0 24 36

Substrate  Slope values(m) or

concen. velocity of reaction

(ng/ml) (ug/ml/min)
CDM

10 0.113

20 0.115

30 0.116

40 0.119

50 0.129

60 0.134

10 pg/ml
W20 pg/ml
W30 pg/ml
w40 pg/ml
W50 pg/ml
m 60 ug/ml

48 60 72
Incubation time (hrs)

Figure 10. Effect of incubation time on percentage metabolite CDM formation with six different concentrations

of substrate
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Metabolite-CDM

The enzyme kinetic studies of fungal
metabolism mediated by enzymes in Aspergillus
ochreus to form CDM revealed that, as the
incubation time was increased the percentage
metabolite formation was also increased along
with increase in the substrate concentration in the
metabolism of chlordiazepoxide (Table 4). Velocity

10

of metabolic reactions for six concentrations were
obtained from slope values (Table 3) of lines
found in graphs plotted between incubation time
and percentage of metabolite (CDM) As per the
results of study of effect of incubation time on
percentage of metabolite (CDM) for six different
concentrations of substrate, the percentage of
metabolite, CDM formation was maximum for 72
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Figure 11. Effect of substrate concentration on percentage of metabolite (CDM) after incubation of 72 hrs
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Figure 12. Michaelis-Menten plot for CDM
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hrs of incubation when compared with 24,36,48
and 60 hrs of incubation (Figure 10). The study of
effect of substrate concentration on percentage
metabolite CDM formation revealed that, the
maximum percentage of metabolite (CDM) was
observed at 60 ug/ml concentration for 72 hrs
of incubation. (Figure 11) The Michaelis—Menten
kinetics was applied to biotransformation kinetics
of CDM formation because, the velocity of reaction
was increased with increase in the substrate
concentrations from 10 pg/ml to 60 pg/ml. Km and
Vmax values of metabolism reactions mediated
by enzymes in Aspergillus ochreus to form CDM
were 1.92 pg/ml and 0.13 pg/ml/hr respectively
(Figure 12 and Table 5). These values stated
that metabolism reaction which formed CDM
proceeded with the maximum velocity (Vmax)
of 0.13 pg/ml/hr, and half maximum velocity of
reaction (Km) was found at the concentration of
1.92 pg/ml.

Km is the substrate concentration at
which half the active sites of enzyme are filled
by substrate. An enzyme with a high Km has
a low affinity for its substrate, and a greater
concentration of substrate is required to achieve
Vmax and vice versa.*

Km value for formation of metabolite,
CDM was less (1.92 pg/ml) so, the enzymes
present in Aspergillus ochreus responsible for
formation of CDM has shown more affinity towards
chlordiazepoxide and low concentrations of
chlordiazepoxide is enough to saturate the enzyme
and to reach maximum rate of reaction to form
metabolite CDM.

The maximum rate, Vmax, is the designate
for number of substrate molecules transformed
into metabolite by an enzyme molecule per unit
time when the enzyme is fully saturated with
substrate. It was found that rate of metabolic
reaction was increased with increase in the
substrate concentration, but when the rate of
reaction reached to Vmax, further increase in
the substrate concentration will not further
increase in percentage of metabolite (CDM)
formation. It indicated that the enzyme present
in this fungus responsible for metabolism of
Chlordiazepoxide was fully saturated with given
substrate concentration of 60 pug/ml at Vmax.

CONCLUSION

It can be concluded that, Aspergillus
ochreus has the potential to transform
chlordiazepoxide to its active metabolite due to the
presence of enzymes crucial for biotransformation
of chlordiazepoxide. Formation of the active
metabolite was similar to mammals. Induction and
inhibition studies also confirmed that, CYP 3A4 like
enzyme might be involved in the biotransformation
of chlordiazepoxide by Aspergillus ochreus. Thus,
the present study revealed that, this fungus can
be used as a model for CYP3A4 enzyme to study
pharmacological and toxicological properties and
the biotransformation of other similar drugs.
Enzyme kinetic studies revealed that, metabolism
mediated enzymes present in Aspergillus ochreus
possessed low Km value and has more affinity
towards chlordiazepoxide, which in turn indicated
that high amount of metabolite can be produced
with less quantity of chlordiazepoxide.
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