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INTRODUCTION

Andrographolide, a labdane diterpenoid compound, is known to have a
wide range of biological properties, including anti-inflammatory,
antibacterial, anticancer, antidiabetic, antimalarial, and hepatoprotective
effects. Biotransformation of andrographolide is a promising method for
discovering new drugs to treat various diseases. This study aims to
ferment andrographolide with chosen fungal strains and to subject the
cultured extract to HPLC analysis. The HPLC profiles between two
selected fungi of different biotopes were compared to evaluate their
ability to perform biotransformation reactions. To perform this study,
andrographolide was fermented using Beauveria bassiana ATCC
74040, a tropical fungus, and R3-2 SP 17, a psychrotolerant fungi. The
extraction was carried out after 4, 8, and 12 days of fermentation of
andrographolide with each chosen fungi strain. The HPLC profile of the
resulting extracts was compared and analyzed with the HPLC profiles of
starting material, positive and negative controls. The appearance of a
new peak in the HPLC profiles of the resulting extracts indicated the
presence of a biotransformed metabolite of andrographolide. After
comparing the HPLC profile of the resulting extract between tropical
and psychrotolerant fungus, it is indicated that the psychrotolerant
fungus, R3-2 SP 17, showed more promising results in the discovery of
new chemical derivatives. This study would aid people, especially in the
pharmaceutical field, discover a new drug to overcome infectious
diseases and cancer.

The immense chemical diversity and abundant biodiversity in natural products have established them
as the foremost source of medicinal compounds. Examples of noteworthy natural products include aspirin,
obtained from the bark of willow trees, digoxin, extracted from the flowers of Digitalis lanata, and
morphine, derived from opium [1]. Over the last few decades, there has been a significant rise in the
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utilization of natural products as crucial components in drug discovery, specifically focusing on their
potential in combating cancer and infectious diseases [2]. Natural products, which encompass a diverse
range of compounds derived from various natural sources, such as animals, plants, and minerals, undergo
specific transformations leading to the production of biologically active molecules. These molecules are
subjected to rigorous analysis to evaluate their efficacy in treating human ailments.

In drug research and development, natural products present numerous advantages. When compared to
synthetic compound libraries, they exhibit distinct characteristics such as increased molecular mass, a
higher presence of sp3 carbon and oxygen atoms, reduced nitrogen and halogen atoms, a more significant
number of H-bond acceptors and donors, enhanced hydrophilicity, and enhanced molecular rigidity [2].
Consequently, these features of natural products are highly sought after by researchers seeking suitable lead
compounds in drug research and development activities.

Andrographolide is a compound derived from the herbaceous plant Andrographis paniculata, which
has a long history of medicinal use in Chinese and Indian civilizations. It is commonly known as the "king
of bitter" but also known as kalmaegh in India and biner kalomegh in Bangladesh [3, 4]. This plant is widely
distributed in tropical and subtropical regions of Asia, Southeast Asia, and India. Andrographolide is
predominantly obtained from this plant due to its intricate structure and the challenges associated with its
chemical synthesis. [5]. The extraction of andrographolide, a labdane diterpenoid, is commonly carried out
from the stem and leaves of Andrographis paniculata.

Throughout history, microbial transformation has been employed in drug research and development to
discover new derivatives of existing drugs. Microbial transformation involves a parent compound's
structural and chemical modification to generate alternative derivatives, utilizing microorganisms as
biocatalysts. Notably, Xin et al. [6] highlighted the advantages of this approach over organic synthesis,
specifically its exceptional stereo and regio-selectivity. Fungi's ability to produce extracellular enzymes is
a remarkable attribute that has attracted much attention at the industrial enzyme level. These enzymes are
produced within the cell and released to break down macromolecules into smaller ones [7]. The
characterization of microorganisms is influenced by their specific habitats and climates, leading to the
generation of a diverse range of novel active metabolites. Tropical fungi, found in tropical or subtropical
regions and capable of tolerating temperatures as high as 18 °C [8], contribute to this diversity.

Conversely, extreme environments such as Antarctica offer a distinct source of microorganisms that
have the potential to serve as biocatalysts in microbial transformation. Psychrotolerant fungi, which thrive
in cold environments below 10 °C, have adapted to these harsh conditions by producing secondary
metabolites that enhance their characteristics, including an adaptable structure, increased turnover, and
innate catalytic efficiency at low temperatures [9]. The variation in habitat and climate thus plays a crucial
role in shaping the characteristics of microorganisms, providing a rich resource for exploring novel active
metabolites in research activities.

The biotransformation of andrographolide is a significant approach in drug discovery to treat various
diseases. In a study conducted by He et al. [10], it was discovered that derivatives of andrographolide
exhibited promising anti-proliferative effects against human leukemia (HL-60), human colon cancer (HCT-
116), and human breast cancer (MCF-7). This demonstrates the effectiveness of employing fungi as
biocatalysts in microbial transformation to explore and develop novel drug derivatives. To date, no
published studies have compared the biological approaches for the biotransformation of andrographolide
using tropical and psychrotolerant fungi as biocatalysts. Consequently, this report presents a microbial
transformation study of andrographolide utilizing two distinct fungi: Beauveria bassiana, a tropical fungus,
and R3-2 SP17, a psychrotolerant fungus.
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MATERIALS AND METHODS

Media Preparation

The biotransformation experiments for Beauveria bassiana and R3-2 SP 17 were conducted under the
following standardized conditions. A fermentation medium was prepared according to a specific protocol,
which involved precise measurements of the following ingredients: glucose (10.0 g), peptone (5.0 g),
KH2PO4 (5.0 g), glycerol (10.0 mL), yeast extract (5.0 g), NaCl (5.0 g), and 1.0 L of purified water [11,
12]. The ingredients were thoroughly mixed by stirring until complete dissolution was achieved. The
resulting medium was then uniformly distributed into nine conical flasks, each containing 50 mL of the
medium in a 250 mL conical flask. To prevent contamination, the openings of the flasks were sealed using
cotton and aluminum. All the flasks containing the positive and negative control media were sterilized in
an autoclave at 120 °C for 15 minutes.

Inoculation of Fungi

Aseptic techniques were employed to transfer a small piece of each fungus from the pure desired
culture and introduce it into four conical flasks containing 50 mL of sterile medium. This process was
repeated for both fungal strains, resulting in eight conical flasks. All inoculation procedures were conducted
within a biohazard safety cabinet to prevent contamination. The same procedure was then repeated for the
remaining fungi. All conical flasks were incubated in an orbital shaker, set at 140 rpm and a temperature of
28 °C, for a duration ranging from four to twelve days. Throughout the experiment, thorough aseptic
measures were followed to ensure the integrity and reliability of the results.

Feeding of Substrate

A small quantity of andrographolide (Figure 1) was dissolved in 1 mL of acetone. Subsequently, using
a micropipette, 250 pL of the solution was carefully added to each flask, including the positive control and
excluding the negative control. The entire inoculation procedure was conducted within a biohazard safety
cabinet to maintain a sterile environment and prevent contamination. For each fungal strain, the
andrographolide was fed into three conical flasks, while the remaining flask served as a negative control,
containing only media and fungus. Subsequently, one conical flask from the three previously inoculated
flasks for each fungus was selected for extraction after a four-day incubation period. This procedure was
repeated after eight and twelve days using a different type of fungi. The flasks and the controls were then
placed on an orbital shaker and incubated at 28 °C for 4 to 12 days.

Extraction

After an eight-day incubation period, one of the conical flasks containing the substrate was selected
for extraction for each fungus. The culture medium underwent filtration and subsequent washing with ethyl
acetate to separate the mycelium from the broth. The aqueous medium obtained was then subjected to a
three-time extraction process using ethyl acetate to generate an extract. This extract was subsequently dried
and filtered using anhydrous sodium sulfate. The filtered extract was then subjected to a rotary evaporator
at 94 rpm and a temperature of 40 °C. The same extraction process was repeated with another conical flask
after 12 days of incubation for each fungus. Additionally, the procedure was replicated for both the negative
and positive controls after a 12-day fermentation period. Finally, the dried extract was washed with
methanol and transferred to vials, ensuring the lids remained open to facilitate complete drying.
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Fig. 1. Chemical structure of andrographolide.

HPLC Analysis and Identification of Biotransformed Products

The presence of biotransformed products was determined through HPLC analysis by identifying the
peaks observed in the chromatogram. The HPLC method employed in this study adhered to the Standard
Operating Procedures (SOP) established by Sharifah Nurfazilah, Siti Hajar Sadiran, Associate Prof. Dr.
Sadia Sultan, and J.F.F Weber for the Faculty of Pharmacy, UiTM Puncak Alam, Selangor.

Sample Preparation

The dried extract, except for andrographolide, was dissolved in 100 % methanol (MeOH), while
andrographolide was dissolved in a mixture of 90 % methanol:10 % water. The solution was filtered using
a 0.45 um nylon membrane filter and transferred to an autosampler vial.

Mobile Phase Preparation

A mixture of 900 mL of deionized water (Solvent A) and 900 mL of acetonitrile containing 1 mL of 90 %
formic acid (Solvent B) was prepared for the mobile phase. Before use, both the deionized water and the
acetonitrile with formic acid were subjected to ultrasonic degassing for 30 minutes.

HPLC Method Set-Up

The pump had been set up with a 1 mL/minute flow rate, and a. Gradient elution type was selected for the
analysis. The pump was configured with a flow rate of 1 mL/minute with maximum and minimum pressure
of 300 and 5 bars, respectively. The analysis was performed using gradient elution.

Table 1. Gradient elution concentration

Time (minutes) Solvent A (deionized water), % Solvent B (Acetonitrile), %
0 90 10
5 90 10
10 60 40
15 30 70
20 0 100
30 0 100
35 90 10
37 90 10
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Sample Analysis

The HPLC analysis of the samples was conducted at a flow rate of 1 mL/minute, with a column
temperature of 30 °C. An injection volume of 10 pul was used for each sample. The detection wavelengths
were set at 254 nm and 280 nm.

Comparison of HPLC Profiles

The HPLC profiles of all obtained extracts were analyzed and compared with those of the negative
and positive controls. The results of the positive and negative controls were used as references to identify
any potential biotransformation metabolites by comparing the peaks observed in the control chromatograms
with those in the experimental chromatograms.

RESULTS AND DISCUSSION

High-Performance Liquid Chromatography (HPLC) Profile

HPLC, a type of column chromatography involving the high-pressure pumping of a sample (analyte)
dissolved in a solvent (mobile phase) through an immobilized chromatographic packing material, was
employed in the research [13]. All the obtained extracts, including the starting material (andrographolide),
negative control (media with specific fungus strain), and positive control (media with andrographolide),
were subjected, and analyzed by using HPLC. The resulting extract chromatograms were examined using
254 nm and 280 nm wavelengths, whereby each peak was compared with the corresponding peaks in the
chromatograms of the starting material, negative control, and positive control. This comparison aimed to
identify potential biotransformation metabolites or products by discerning the presence of peaks in the
chromatographic profiles of the control and experimental samples.

HPLC profile of andrographolide (starting material)
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Fig. 2. Andrographolide HPLC chromatogram. The chromatogram at 254 nm demonstrates the appearance of a
prominent peak with a retention time of 12.908 minutes, which refers to the starting material.
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Fig. 3. Andrographolide HPLC chromatogram. The chromatogram at 280 nm demonstrates the appearance of a
prominent peak with a retention time of 12.908 minutes, which refers to the starting material.

HPLC profile of positive control (media with andrographolide)
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Fig. 4. HPLC profile of positive control at 254 nm. The chromatogram demonstrates the appearance of a peak with a
retention time of 12.895 minutes, which refers to the starting material. The presence of minor peaks with retention time
in the 5 to 20 minutes refers to the experiment's media.
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Fig. 5. HPLC profile of positive control at 280 nm. The chromatogram demonstrates the appearance of a peak with a
retention time of 12.893 minutes, which refers to the starting material. The presence of minor peaks with retention time
in the 5 to 25 minutes refers to the experiment's media.
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PLC profile of negative control of Beauveria bassiana
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Fig. 6. Negative control of B. bassiana HPLC chromatogram at 254 nm. The chromatogram shows the appearance of
peaks. The highlighted part in the above HPLC profile with a retention time range from 10 minutes to 20 minutes refers
to the experiment's media and B. bassiana metabolites.
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Fig. 7. Negative control of B. bassiana HPLC chromatogram at 280 nm. The chromatogram shows the appearance of
peaks. The highlighted part in the above HPLC profile with a retention time range from 10 minutes to 20 minutes refers
to the experiment's media and B. bassiana metabolites.
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Fig. 8. HPLC profiles of B. bassiana of 8 days fermentation at 254 nm. The peak with a retention time of 12.894
minutes refers to the starting material. The green highlighted part shows the appearance of minor peaks with a retention
time range from 5 minutes to 25 minutes, which may refer to possible biotransformed andrographolide and fungi

metabolites.
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HPLC profile of an extract of andrographolide and Beauveria bassiana fermentation at 12 days
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Fig.9. HPLC profiles of B. bassiana of 8 days fermentation at 280 nm. The peak with a retention time of 12.797 minutes
refers to the starting material. The green highlighted part shows the appearance of minor peaks with a retention time
range from 5 minutes to 25 minutes, which may refer to possible biotransformed andrographolide and fungi metabolites.
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Fig. 10. HPLC profiles of B. bassiana of 12 days fermentation at 254 nm. The prominent peak appeared at 12.902
minutes and may be referred to as the starting material. The green highlighted part shows the appearance of minor
peaks with a retention time range from 5 minutes to 25 minutes, which may refer to possible biotransformed
andrographolide and fungi metabolites.

HPLC profile of an extract of andrographolide and Beauveria bassiana fermentation at 12 days
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Fig. 11. HPLC profiles of B. bassiana of 12 days fermentation at 280 nm. The peak at a retention time of 12.902 minutes
may be referred to as the starting material. The green highlighted part shows the appearance of minor peaks with a
retention time range from 5 minutes to 25 minutes, which may refer to possible biotransformed andrographolide and
fungi metabolites. A prominent peak at 20.229 minutes may be the B. bassiana metabolites or biotransformed
andrographolide.
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HPLC profile of negative control of R3-2 SP 17
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Fig. 12. Negative control of R3-2 SP 17's HPLC chromatogram at 254 nm. The highlighted green part in the
chromatogram gives the appearance of peaks with a retention time in the range of 10 to 20 minutes, which may be
referred to as the R3-2 SP 17 metabolites.

DAD1 E, Sig=280,16 Ref=off (SHAHIRAH\SHAHIRAH150523 2023-05-25 13-43-14\003-0301.D)
mAU Py
800 .
R3-2 SP 17 metabolites
600 o
2
400 o
I~ i = w0 -
200 - 2 g 3 & b >
o e & & &
o = oL i~ -
0 5 10 15 20 25 min

Fig. 13. Negative control of R3-2 SP 17’s HPLC chromatogram at 280 nm. The chromatogram demonstrates the
appearance of a prominent peak at 19.792 minutes. The highlighted green part in the chromatogram gives the
appearance of peaks with a retention time range of 15 minutes to 25 minutes, which may refer to the experiment's media
and fungi metabolites.

HPLC profile of an extract of andrographolide and R3-2 SP 17 fermentation at eight days
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Fig. 14. The appearance of the peak with a retention time of 12.923 minutes may be referred to as the starting material.
The highlighted green part in the chromatogram at 254 nm gives the appearance of peaks with a retention time range
from 5 minutes to 25 minutes that may be referred to as the biotransformed andrographolide or the fungi metabolites.
The peak 12.718 minutes of retention may be biotransformed andrographolide or the fungi metabolite.
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Fig. 15. The highlighted green part in the chromatogram at 280 nm gives the appearance of peaks with a retention time
range from 5 minutes to 25 minutes that may be possibly referred to as the biotransformed andrographolide or the fungi
metabolites. Both retention times of 8.851 and 16.038 minutes give a prominent peak.

HPLC profile of an extract of andrographolide and R3-2 SP 17 fermentation at 12 days
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Fig. 16. The peak at a retention time of 12.927 minutes may be the starting material. The highlighted green part in the
chromatogram at 254 nm gives the appearance of peaks with a retention time range from 10 minutes to 25 minutes that
may be referred to as the biotransformed andrographolide or the fungi metabolites.
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Fig. 17. The highlighted green part in the chromatogram at 280 nm gives the appearance of peaks with a retention time
range from 10 minutes to 25 minutes that may be referred to as the biotransformed andrographolide or the fungi
metabolites. At a retention time of 11.056 minutes, it has the most intense peak, followed by 9.611 and 10.062 minutes.

Comparison of High-Performance Liquid Chromatography (HPLC) Profiles.

Microbial transformation of andrographolide using Beauveria bassiana and R3-2 SP 17 is the first reported
here. Reverse-phase high-performance liquid chromatography is a chromatographic technique used to
analyze and separate compounds. It operates based on the principle of differential partitioning between a
non-polar stationary phase and a polar mobile phase. This HPLC is the inverse of normal phase
chromatography, which involves the polar mobile phase (water/acetonitrile) and the non-polar stationary
phase [14].

The extracts, which may contain biotransformed andrographolide and fungal secondary metabolites,
were dissolved and injected into the column during the separation process. The non-polar stationary phase
interacts more strongly with hydrophobic or non-polar compounds, leading to longer retention and slower
elution. On the other hand, polar compounds have weaker interactions with the stationary phase and elute
faster with shorter retention times [13—15].

In HPLC, a gradient elution method is often employed to optimize the separation. The composition of
the mobile phase, where the ratio of water and acetonitrile, was changed during the separation process.
Initially, as a more polar mobile phase is used, it favors the elution of polar compounds [13]. As the
separation progressed, the concentration of the acetonitrile was increased, making the mobile phase less
polar. This change in mobile phase composition promotes the elution of less polar compounds with longer
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retention times. The acetonitrile acts as an organic modifier to alter the polarity and eluent strength, hence
controlling the selectivity of the separation [16].

The eluted components are detected using a diode array detector (DAD), which measures the
absorbance or response of the compounds at specific wavelengths [17]. The results are displayed as a
chromatogram, providing information on the retention times and intensities of the eluted components.
Therefore, to identify the potential biotransformed andrographolide, the chromatograms of the extracted
sample were compared with those of the starting material, negative controls, and positive controls. Hence,
an additional peak exclusively observed in the sample chromatograms indicated the presence of the
biotransformation metabolite.

Biotransformation of Andrographolide by Beauveria bassiana.

Table 2 summarizes the retention times for the peak observed in the HPLC profile of andrographolide
biotransformation conducted using Beauveria bassiana. The corresponding figures, such as Figures 2 to
11, are referenced in the table. The starting material, andrographolide, was subjected to fermentation with
B. bassiana for 8 and 12 days and then extracted. Notably, there needs to be more prior research on the
biotransformation of andrographolide using B. bassiana.

Table 2. Biotransformation of the andrographolide by Beauveria bassiana.

Extract Major peak retention time (min) Minor peak retention time (min)
Starting material  254nm 12.908 13.029, 15.246,22.358
(Andrographolide)

280nm 12.908 20.260
Positive Control (media with ~ 254nm 12.895 8.400, 9.491, 10.304, 11.037, 11.830,
andrographolide) 13.123, 13.796, 15.251, 16.064

280nm 10.305, 12.893, 16.061, 20.209 11.861, 12.141, 12.380, 12.604, 13.800,

15.249

Negative Control (media 254nm 11.115,12.739, 13,717, 14.652, 15.028 10.285, 13.030, 15.824, 16.071
with B. bassiana)

280nm 11.115,12.738, 14.652, 15.028 10.394, 10.536, 13.301, 13.719, 15.823,
16.069, 16.811
Extraction on Day 8 254nm 12.798, 12.894 9.510,11.653,13.492, 13.802

280nm 10.352, 10.966, 11.363, 11.650, 12.797,  8.844, 9.564, 13.409, 14.212, 14.686,
12.892,16.007, 16.793, 19.488, 20.324,  15.243,21.488
22.356,22.548,25.252

Extraction on Day 12 254nm 12.902 9.516, 11.394, 11.844, 13.814, 17.093,
17.765,20.230, 25.250
280nm 20.229 10.358, 10.974, 11.382, 11.651, 12.902,

13.734,16.023, 16.468, 25.250

However, some research used B. bassiana as a biocatalyst for the biotransformation of stemodin and
stemodinone, which are diterpenes [18]. The HPLC profiles of the extracted product revealed peaks with
retention times ranging from 5 to 20 minutes. The presence of minor peaks in both positive and negative
control HPLC profiles suggests that these peaks are the media component. The chromatogram profiles of
the positive control (Figure 4 and Figure 5) display multiple peaks and have peaks that appeared at the same
retention time (12.895 and 12.893) for both 254 nm and 280 nm. The negative and positive controls were
used as a reference for comparing the sample extractions from B. bassiana on Days 8 and 12. In the starting
material profiles, a significant peak with a retention time of 12.908 minutes was observed for both
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wavelengths, indicating the presence of the starting material, which is andrographolide (Figures 2 and 3).
The starting material was also compared to the sample extraction.

A comparison between the negative and positive controls and the sample extraction from the eighth
day revealed additional peaks. It can be observed at a retention time of 12.798 and 12.894 min at 254 nm
(Figure 8) and 10.352, 10.966, 11.363, 11.650, 12.797, 12.892, 16.007, 16.793, 19.488, 20.324, 22.356,
22.548 and 25.252 min for 280 nm (Figure 9). There are identical major peaks that appeared at 254 nm and
280 nm, which are 12.798 and 12.797 min, respectively. The minor peaks appeared more at 280 nm than
254 nm, as shown in Table 2. More peaks at 280 nm but not at 254 nm can be attributed to the possibility
that the compound is detectable only at 280 nm but not at 254 nm.

Upon comparing the HPLC chromatogram data of the sample extract containing andrographolide with
B. bassiana on Day 12, significant observations were made where there are additional minor peaks were
discovered with retention times of 17.093 and 17.765 min at 254 nm (Figure 10). Some peaks are
proximately present at the same retention time, such as 11.394, 11.844, and 13.814 at 254 nm (Figure 10)
and 11.382, 11.651, and 13.734 at 280 nm for Day 12 of extraction (Figure 11). Interestingly, a decrease in
the peak intensity was also detected with a retention time of 12.902 min, high at 254 nm but minor at 280
nm. There is also a rise in intensity for the peak at 20.230 min (254 nm) when observed at 280 nm (20.229
min). This phenomenon can be attributed to variations in the compound's absorbance characteristics [19].
Additionally, all these additional peaks present in the sample extract on Day 8 may indicate the existence
of biotransformed andrographolide or the secondary metabolite of the fungi. Moreover, results that showed
peaks with retention times of more than 15 minutes indicate that the possible compounds are less polar than
the starting material (andrographolide).

Biotransformation of Andrographolide by R3-2 SP 17.

The summarization of the retention time for the peak in the HPLC profile of the andrographolide
biotransformation by R3-2 SP 17 is shown in Table 3, concerning Figures 2 to 5 and 12 to 19. Currently,
no research involves psychrotolerant fungi as biocatalysts for the biotransformation of andrographolide.
The resulting product extract's HPLC profiles revealed the peaks with retention time ranging from 5 to 20
minutes. The minor peaks presented in the HPLC profiles of positive and negative controls are indicated as
amedia component. Intriguingly, the peak presented at negative control of R3-2 SP 17 with retention times
19.792 is high at 280 nm (Figure 13) but not at 254 nm (Figure 12). Hence, the R3-2 SP 17 metabolites
absorbance is preferred at 280 nm rather than 254 nm.

On comparing the sample extract of andrographolide with R3-2 SP 17 with HPLC chromatogram data
on Day 8, at 12.718 min, a new central peak was identified at 254 nm (Figure 14). Furthermore, the peak
intensity with the retention time of 16.038 min is high at 280 nm on Day 8 (Figure 15). More extra peaks
were discovered after comparing with the HPLC profile of the sample extract at 12 days of fermentation
(Figure 16 and Figure 17). The presence of a significant peak with a retention time of 12.927 min (254 nm)
diminished at 254 nm. However, additional peaks appeared at 280nm with retention times of 9.611, 10.062,
11.056, 11.920, and 16.028 min (Figure 17). Therefore, it is likely that the fungus could still perform the
biotransformation of the starting material into new derivatives even after 12 days of fermentation, leading
to the discovery of additional peaks.

Apart from that, the intensity of the peak with a retention time of 10.062 min appeared significant at
280 nm (Figure 17) but minor at 254 nm (Figure 16) on Day 12. Meanwhile, the peaks in the sample extract
on the Day 4 chromatogram with a retention time of 9.601, 11.063, and 13.856 min for a wavelength of
280 nm disappeared on Day 8. The unexpected discovery suggests that the reduction in the peak’s intensity
and the disappearance of the peak between Day 8 are because, during the fermentation periods, the fungus
might consume the compounds as an intermediate compound in the production of a new product or act as
an elicitor for the fungus, causing it to generate secondary metabolites and enhance its production. The
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compounds can also be used as an energy source or degraded by the fungus itself, thus causing peak
reduction or disappearance [20].

These findings align with the research conducted by Choudhary et al. [20], which indicates that
endophytic fungi can produce a diverse range of secondary metabolites capable of transformation,
degradation, and detoxification. It appears that R3-2 SP 17, the specific microorganism used in the study,
can transform andrographolide into higher and lower polarity compounds, as evidenced by peaks with
retention times exceeding that of the starting material. These results are consistent with another study
involving the same microorganism, where the C-3 ester group of ethynodiol diacetate was hydrolyzed to
form an OH group [11]. These findings suggest that R3-2 SP 17 can potentially convert the initial
andrographolide into metabolites with increased polarity.

Table 3. Biotransformation of the andrographolide by R3-2 SP 17.

Extract Major peak retention time (min) Minor peak retention time (min)
Starting material  254nm 12.908 13.029, 15.246,22.358
(Andrographolide)
280nm 12.908 20.260
Positive Control (media with ~ 254nm 12.895 8.400, 9.491, 10.304, 11.037, 11.830,
andrographolide) 13.123,13.796, 15.251, 16.064, 16.831
280nm 10.305, 12.893, 16.061, 20.209 11.861, 12.141, 12.380, 12.604, 13.800,
15.249
Negative Control (media 254nm - 13.513,16.482,19.792
with R3-2 SP 17)
280nm 19.792 15.467, 17.843, 18.944, 22.310, 24.816,
27.941
Extraction on Day 8 254nm 12.718,12.923, 9.007,9.604, 13.159, 25.297
280nm 16.038 8.851, 9.601, 10.382, 11.092, 12.389,
12.720, 15.595,25.297
Extraction on Day 12 254nm 12.927 9.606, 10.062, 11.860, 15.277

280nm 9.611,10.062, 11.056, 11.920, 16.028 11.384,12.261, 12.590, 22.367, 25.295

Comparison and Summary of Biotransformation of Ciprofloxacin Using Two Fungal Strains:
Beauveria bassiana and R3-2 SP 17.

Based on the summary of the biotransformation of andrographolide by Beauveria bassiana and R3-2 SP 17
displayed under Table 4, some possible biotransformation reactions can be proposed. The existence of a
few polar compounds based on the retention time of the biotransformation of andrographolide by R3-2 SP
17 suggests that the structural modification of the andrographolide may occur through hydroxylation
(Figure 21) [21]. Furthermore, the production of less polar or non-polar of the biotransformed
andrographolide derivatives is likely produced by both fungi. Therefore, andrographolide may undergo
methylation or dehydroxylation reaction (Figure 20) [10, 22—-24]. Besides, methylation of the hydroxyl
group into primary alcohol was observed in the biotransformation of andrographolide with B. bassiana
[25].

Therefore, it can be summed up that the R3-2 SP 17 strain is more effective in biotransforming the
andrographolide as a comparison between the two fungi strains' ability to metabolize andrographolide was
made. This is because after comparing the HPLC profiles of both fungi, additional peaks were observed at
the R3-2 SP 17 chromatogram even after 12 days of fermentation. Furthermore, these psychrotolerant fungi
produced more new or additional peaks. They generated polar and non-polar compounds based on the
HPLC profile of an extract of andrographolide with R3-2 SP 17 compared to B. bassiana. The current
findings align with previous research, which demonstrated the capability of the R3-2 SP 17 fungi to generate
a polar compound via a hydrolysis reaction [11]. Meanwhile, the Antarctic fungus produced a known
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biotransformation metabolite of ethynodiol diacetate, Wan Yusop et al.'s study [11]. They revealed an
enhanced metabolite yield within a shorter timeframe and using fewer substrates compared to previous

research techniques. Therefore, further investigation is warranted to determine the extent to which the R3-
2 SP 17 fungi can produce biotransformed andrographolide derivatives.

0)
o
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Fig. 20. Andrographolide and its proposed hydroxylation, dehydroxylation, and methylation reactions.
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Fig. 21. Andrographolide and its proposed deprotonation, protonation, hydroxylation, and methylation reactions.

The current findings align with previous research, which demonstrated the capability of the R3-2 SP
17 fungi to generate a polar compound via a hydrolysis reaction [11]. Meanwhile, the Antarctic fungus
produced a known biotransformation metabolite of ethynodiol diacetate, Wan Yusop et al.'s study [11].
They revealed an enhanced metabolite yield within a shorter timeframe and using fewer substrates
compared to previous research techniques. Therefore, further investigation is warranted to determine the
extent to which the R3-2 SP 17 fungi can produce biotransformed andrographolide
derivatives.

This study's experimental work and gathered data revealed that the psychrotolerant fungus provides
several benefits, including accelerated microbial growth rates, heightened enzymatic activities, and
improved catalytic efficiency [26]. The study results showed a consistent decrease in the peak intensity of
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the starting material with each day of sample extraction. This observation suggests that the fungi may have
contributed to the degradation or transformation of andrographolide, which aligns with previous research
indicating that certain fungi could partially or wholly degrade the starting material [27-31].

Also, the appearance of a new peak in the HPLC profile of a resulted extract could be either a
biotransformed product with a comparison between the starting material, negative and positive controls
chromatogram profiles, or the peak also can be secondary metabolites that are essential for the development,
survival, and adaption of fungus.Furthermore, the disappearance of peak or diminished peak intensity in
the HPLC profile could be employed as an intermediate compound consumed to produce a new product
with an increased peak and a fungal elicitor [32]. The fungi can also use or devour it as an energy source.
Moreover, the finding implies that among time-course studies for 8 and 12 days, the eight days is more
efficient for B. bassiana, whereas 12 days of fermentation is efficient for R3-2 SP 17 to produce more high-
yield metabolite.

Table 4: Summarization of biotransformation of andrographolide.

Fungi Day 8 Day 12

Beauveria 254nm e An additional major peak was observed. e  Additional minor peaks were observed.

bassiana (Retention times of 12.798 min). (Retention times of 11.394, 11.844,

e  Additional minor peaks were observed. 13.814, 17.093, 17.765, and 20.230)
(Retention times 0f 9.510, 11.653, 13.492,
13.802 min).
280nm e  More additional major peaks observed. e  Anincrease in peak intensity compared

(Retention time of 10.352, 10.966, 11.363, to 254nm on Day 12 was observed
11.650, 12.797, 12.892, 16.007, 16.793, (Retention time of 20.229 min)
19.488, 20.324, 22.356, 22.548, 25252 e  The additional minor peaks were
min) observed (Retention time of 10.358,

10.974, 11.382, 11.651, 12.902,
13.734,16.023, 16.468 min)

R3-28P17 254nm . An additional major peak was observed. e An additional minor peak was
(Retention time of 12.718 min). discovered. (Retention times of 15.277
. Additional minor peaks were observed. min)
(Retention time 0f 9.007 and 13.159 min).
280nm . An additional major peak was observed. e The intensity of the peak at 9.611 min
(Retention time of 16.038 min). increased slightly more than on Day 8
. Additional minor peaks were observed. (9.601 min).
(Retention time of 10.382, 11.092, 12.389, e Additional peaks were discovered.
12.720, and 15.595 min). (Retention times of 10.062, 11.056,

11.920, and 16.028)

CONCLUSION

In conclusion, the microbial transformation of andrographolide was conducted using two types of
fungi: the tropical fungus Beauveria bassiana and the psychrotolerant fungus R3-2 SP 17. Based on the
observed peaks, the microbial transformation reactions proposed in this study encompass methylation,
hydroxylation, protonation, deprotonation, dehydroxylation, or hydroxylation. Conversely, the
disappearance or decrease in intensity of a peak in the HPLC profile of the resulting extract can indicate an
intermediate molecule in the development of new derivatives or the formation of a compound with an
amplified peak intensity, possibly acting as a fungal elicitor. This also concludes that Day 8 for B.bassiana
and Day 12 for R3-2 Sp [7 are identified as the optimal fermentation duration for effectual
biotransformation of andrographolide. R3-2 SP/7 is more effective in andrographolide biotransformation
as new peaks emerge on Day 12.
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