
































































































































































































































































































































































































































Chapter 3: Results and Discussion

Support for this finding came from Tanaka et al. (1996) who reported on the
photochemical reaction of ergone. The study used an ergone solution (4 mg/mL) that was
stirred at room temperature under irradiation with UV light (100 W high-pressure mercury
arch) through Pyrex for five hours and the reaction was monitored by HPLC. It was found
that ergone reacted easily with two molecules of oxygen to give 6a,7a-epidioxy-14a-
hydroperoyergosta-4,7,22-triene-3-one which was transformed successively to
6a,7a:8¢,9a-diepoxy-14a-hydroperoyergosta-4,22-diene-3-one and 14a-hydroperoxy-9a-

hydroperoyergosta-4,7,22-triene-3,6-dione (Figure 3.39).

Figure 3.39 Proposed photochemical reaction of ergone (1) to give 6a,7a-epidioxy-14a-
hydroperoyergosta-4,7,22-triene-3-one (2), 6a,7a:8a,9a-diepoxy-14a-hydroperoyergosta-
4,22-diene-3-one (3) and 14a-hydroperoxy-9a-hydroperoyergosta-4,7,22-triene-3,6-dione

(4) (Tanaka et al., 1996).
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Chapter 3: Results and Discussion

Consequently, Peaks 2 - 4 and 6, seen in the chromatograms of sample solution and

the monitored reference solution, may have also derived from oxidized ergosterol or ergone

(Figure 3.40). Relevant TLC and HPLC findings are summarized in Table 3.9.
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Figure 3.40 Chromatograms of sample solution (Preparation 2) and the monitored

ergosterol reference solution (Ergl1207; the month and year). HPLC method as described

in Table 2.15.
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Table 3.9 The TLC and HPLC findings.

Peak of HPLC Ryof TLC The possible compound
(Figure 3.16, page 83) | (Figure 3.37, page 107)

Peak 1 Not detected Potential as chemotaxonomic indicator.
Abound-form of sterol (Unknown 1)

Peak 2 Between 0.48and 0.53 | Oxygenated form of ergosterol / ergone
(Unknown 2)

Peak 3 Between 048and 0.53 | Oxygenated form of ergosterol / ergone
(Unknown 3)

Peak 4 0.80 Ergone

Peak 5 0.62 Ergosterol

Peak 6 Not detected Oxygenated form of ergosterol / ergone

‘ (Unknown 4) |

3.11 Screening of ergocalciferol

The results of TLC spots (Figure 3.41) indicated that vitamin D, was not detected in any
parts of L. rhinocerus in which may be due to very low amount of ergosterol. Furthermore,
most of L. rhinocerus species were collected from hills and forests which meant that these

species were exposed to reduced levels of UV light.

Figure 3.41 TLC spots of ergosterol (S) at Ry 0.53, vitamin D, (V) at Ry 0.60, sclerotia
(Scl), stalks (Stk) and caps (Cp) solutions under UV irradiations (254 nm (left) and 365 nm

(right)), developed in 15% (v/v) of acetone-hexane as the mobile phase.
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3.12 Phenolic acid compounds (PACs)

3.12.1 Colour test using 1% (w/v) aqueous iron (III) chloride (FeCl;3) solution

A violet colour was produced upon addition of the 1% (w/v) FeCl; solution to the phenolic
reference solution (100.0 pg/mL). The colour intensity of this solution was compared to the
sample solution. A serial dilution of the standard solution was carried out to get the same
colour intensity of sample solution. This observation showed that the colour intensity of the
sample solution was comparable with the standard concentration at 10.0 pg/mL. Hence, no
more than 10.0 pg/mL of water-soluble phenolic or polyphenol compounds may have been

present in the sample solution.

3.12.2 UV/Vis spectroscopy

Both the phenolic and aromatic carboxylic acid solutions gave similar spectra which
consisted of absorption bands at 220 nm and a broad band between 250 nm and 300 nm.
The sample spectrum was compared to phenol, benzoic acid and salicylic acid reference
spectra (Figure 3.42). The sample spectra displayed a UV profile similar to phenol and
benzoic acid reference spectra. Hence, UV scanning suggested that phenolic and carboxylic

acid compounds may have been present in L. rhinocerus sample solutions.

3.12.3 Removal of phenolic and aromatic carboxylic compounds by HPLC analysis

Phenols, as weak acids, are usually insoluble in aqueous NaHCOj solution but soluble in
aqueous NaOH (Harwood et al., 1999). Hence, NaHCO; solution was used to extract
phenols from the sample solution while phenolic and carboxylic compounds will retain in

the aqueous layer when extracted using NaOH solution.
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Chapter 3: Results and Discussion

Figure 3.42 Overlaid UV spectra of sample solution (SS) (preparation as described in
section 2.2.11.1.1) with (a) phenol, (b) benzoic acid and (c) salicylic acid reference

solutions.

The total peak area between RTs 1.90 minutes and 5.00 minutes obtained at a
wavelength of 220 nm (the highest absorbance among other wavelengths at 280 nm and
320 nm) (Figure 3.43) was used to calculate the amount of phenolic compounds which had
been removed. The percentage value removed by each extraction (total of three extractions)

was estimated using Equation 3 and the collected peak area are represented in Table 3.10.
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Figure 3.43 Chromatogram of (a) an aqueous solution before extraction; (b) aqueous

solution after extraction; (c) phenolic solution. Preparation as described in section

2.2.11.1.1 and analysed using HPLC method (Table 2.16).

Table 3.10 Total peak areas detected
between 1.90 minutes and 5.00
minutes for sample solution before
(Solution 1) and after extraction

(extracts 1-3).

Peak area
Solution 1 Extract 1 | Extract2 | Extract3
39944.30 4272.28 16.60 1148.25
8167.18 3050.61 | 1901.80 | 22332
6589.77 131550 | 779.75
16312.60 1108.37 44879
137.82 257.82
1299.77 270.14
391.24 343.44
16.25
Total =71021.59 | 732802 | 6177.27 | 349163
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Percentage of phenclic Total peak area of extract
compoundsremoved = % 100 (Eq. 3)
Total peak area of sample

solution before extraction

The amount of carboxylic compounds present in the sample solution was
determined by subtracting the total amount of phenolic and carboxylic compounds removed
with the removed phenolic amount only (Figure 3.44). It appeared that more phenolic
compounds (average of 19.45%) had been removed from the solution compared to aromatic
carboxylic acids (average of 7.98%). These screening tests provided some indication that
the majority of water soluble compounds of L. rhinocerus may have comprised

polyphenolic species or compounds with the combination of hydroxyl and carboxylic

group.

Percentage of removed compounds against the number of extractions

14 13.26
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Figure 3.44 The percentage of removed compounds

3.13 Determination of total content of PACs
Phenolic acids are hydroxylated derivatives of benzoic acid and commonly found in free

form, as well as their ester or glycoside counterparts (Bruneton, 1995). They tend to be
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water-soluble due to their combination with sugar, for example, as glycosides. Free
phenolic acids are generally extracted with alcohol and water and in this study 20% (v/v) of
water in methanol was used.

Phenolic acids that are hydroxylated derivatives of cinnamic acid are often found to be
esterified. This property lends itself to release from plant tissue under acidic or alkaline
hydrolysis conditions and subsequent extraction into organic solvents such as diethyl ether
(Harborne, 1973; Bruneton, 1995). In this study, a NaOH solution was used to release the
bound PACs. In order to have a sensible measurement, the combined amounts of free and
bound PACs were calculated for the total content of PACs.

As mentioned earlier in section 1.5.5.2.2, the wavelength used in the application of the
Folin-Ciocalteu assay (FCA) ranged between 725 nm and 765 nm. The best wavelength
that gave a maximum absorbance for this current analysis of total PACs was found to be at
765 nm. All absorbance readings were plotted against its corresponding concentration of

gallic acid. The correlation coefficient () of the linear equation was 0.9970 (Figure 3.45).

Absorbance reading against the concentration of gallic acid
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Figure 3.45 The calibration curve of gallic acid standard solution
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The result of total PACs in L. rhinocerus is tabulated in Table 3.11. The majority of
PACs originated from the free form and varied in different parts of the fungus. More free
PACs were detected in caps than stalks and sclerotia, presumably reflecting open exposure
of the cap to the environment. The results showed very low amounts of total PACs that may
also be affected by the time of collection and storage conditions of the fungi. Based on

these results, further investigation was deemed necessary using a HPLC method.

Table 3.11 The result of total PACs in L. Rhinocerus. nd: not detected.

Part PACs form Total PACs
of (ng/g) (ng/g)
L. rhinocerus Free | Bound
Caps 39.95 4.38 44.33
Stalks 21.46 235 23.81
Sclerotia 1.17 nd 1.17

3.14 Chromatographic fingerprint of PACs

The HPLC method used to generate a chromatographic fingerprint of PACs was based on
adapted literature methods (Table 3.12). Little information appeared to be available
concerning the detection of flavonoids in fungi (Matilla er al., 2001). As a consequence,
gallic acid, vanillic acid, tyrosol, caffeic acid, chlorogenic acid, p-coumaric acid, and
cinnamic acid were chosen as representative examples for this study. This decision was also
consistent with the fact that these reference materials are commonly reported in the

chromatographic literature when dealing with the analysis of PACs (Table 3.12).
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Author Montedoroetal., 1992 Wenetal, 2005 Proestosetal, 2006 Dvorakovaetal, 2008 | Vebericetal, 2008
Preparation of | Methanol/water (7:3, vA)|Methanol/water/TFA 62.5% viv aqueous | Methanolfwater (7:3, vA) | Methanol and 1%
sample and extracted with | (50:50:0.1, v/v) methanol, BHT (1g/L) and 6 wiv of BHT
solution petroleum ether 40-70. M HCL.

Column Erbasil, Cy, 150mm x 4.6 | AgelaXBP-Cy, 5 um, 4.6 |Waters Sphenisorb  ODS2, | LiChroCart RP-18,| Phenomenex Synergi
mm mmx 150 mm S5um, 4.6 mmx 250 mm 125mmx 3 mm, 3 um. 4u MAX -RP80 A
Mobile phase |Gradient; (A) 2% viv acetic | Gradient, (A) 0.02%vh |Gradient, (A) Pev/v GAA in|Gradient; (A) methanol |Gradient; (A) 0.01 M
acid in water and (B)|TFA in water and (B)|water, (B) 6%vir GAA in|and (B)0.1%v/vin water |phosphoric acid and
methanol 0.02%v/v TFA in methanol | water and ©) (B) methanol
waterfacetonitrile/GAA
(65:30:5, viv)
Flow rate | mL/min 0.5mL/min 0.5mL/min 0.2 mL/min 1 mL/min
Detector and|239 nm and 278nm 254nm-anisic, vanillic 280nm-phenolic acids 280 nm -(+)- catechin and [ 280 nm. 210 and 350
phenolicacid Gallic acid, vanillic acid, |275nm-gallic, trans-|3200m - Apigmin =d (-)- epicatechin and gllic|nm  gallic  acid,

caffeic add, syningic acid,
coumaric acid, cinnamic
acid and (3,4-

dihydroxyphenyl)ethanol

cinnamic, syringic add
305nm- salicylic aad
320nm- chlorogenic,
gentsic, caffeic, sinapic,
p-coumaric, ferulic,

rosmarinic acid

luteolin

370nm -quercetin

acid

320 nm —caffeic, p-
coumanc, ferulic and
sinapinic add

250 nm - protocatechuic
and vanillic acid

chlorogenic acid (5-
O-caffeoylquinic
acid), ()-epicatechin,
(+)-catechn, syrngic
acid, and rutn
(quercetin-3-O-
rutinoside).

Table 3.12 Different HPLC methods obtained from literature sources for the analysis of PACs
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Chapter 3: Results and Discussion

Two types of sample preparations were used for this study. The first preparation
(section 2.2.13.1.1) was chosen based on the highest PACs results (Table 3.11) for free
form compounds that could introduce additional peaks to the chromatogram of sample
solutions. The second preparation (section 2.2.13.1.2, Preparation 3, Figure 2.2, page 46)
was selected since it produced optimum separation.

A number of columns have been evaluated for the separation of PACs and included
Cys, Cg, silica gel, phenylhexyl and diol stationary phases. Representative examples of
chromatograms obtained from different columns and mobile phase compositions are shown

in Figure 3.46 and 3.47, respectively.
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Figure 3.46 Chromatograms of phenolic acid reference solutions. (1) gallic acid, (2)
chlorogenic acid, (3) tyrosol, (4) caffeic acid, (5) p-coumaric acid and (6) cinnamic
acid obtained from HPLC analysis. Cg column (5 pm, 250 x 4.6 mm), 35% (v/v)

methanol in water as the mobile phase and flow rate 0.8 mL/min.
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Figure 3.47 Chromatograms of phenolic acid reference solutions. (1) gallic acid, (2)
chlorogenic acid, (3) tyrosol, (4) caffeic acid, (5) p-coumaric acid and (6) cinnamic
acid obtained from HPLC analysis. Phenylhexyl column (5 um, 250 x 4.6 mm), 35%
(v/v) methanol in water containing 1% (v/v) glacial acetic acid as the mobile phase and

flow rate 0.8 mL/min.

HPLC analysis of PACs was carried out in the isocratic mode since the current
analysis did not involve with flavonoids which normally employed a gradient system for
peaks separation. A literature search revealed that a polar-non polar solvent system,
containing 2 mL acetic (GAA) or formic acid (FA) per 100 mL or phosphate buffer at low
pH, has been employed to separate these acids (Ozturk et al., 2007). Correspondingly, three
different acids (TFA, GAA and FA) were used as modifiers. It was found that when the
separation of the six phenolic acid reference materials was carried out with the addition of
FA in the presence of methanol/water (35:65, v/v) better resolution was observed for gallic
and chlorogenic acid. Moreover, higher peak symmetry, as well as precision, was also

observed. All adjacent peaks were resolved from each other with resolution above 1.2. In
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addition, the analysis with PFP column was completed in about 20 minutes (Figure 3.48)

while other columns required between 30 and 40 minutes for complete separation.
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Figure 3.48 Chromatograms of phenolic acid reference solutions. (1) gallic acid, (2)
chlorogenic acid, (3) tyrosol, (4) caffeic acid, (5) p-coumaric acid and (6) cinnamic
acid obtained from HPLC analysis. PFP column (3 pum, 150 x 4.6 mm), 35% (v/v)

methanol in water containing 0.2% (v/v) formic acid as the mobile phase and flow rate

0.5 mL/min.

The selection of two wavelengths (280 and 320 nm) was based on optimum sensitivity
when compared to wavelengths at 220, 254 and 365 nm. According to Harbone (1973)
benzoic acid derivatives of PACs can be detected at lower wavelengths (280 nm) while
cinnamic acid derivatives (chlorogenic, caffeic and p-coumaric acids) are found to
respond better at 320 nm due to the presence of one extra double bond in the compound
(Table 1.4, page 21).

Figure 3.49 shows the chromatograms obtained from the analysis of caps, stalks and
sclerotia solutions obtained at 280 nm. The retention times of sample solutions were

compared with the retention times of the six reference materials but none of the reference
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compounds were detected in the sample solutions. In addition, there was a massive
unresolved peak at the beginning of the chromatogram which did not allow for the
unambiguous detection of gallic, chlorogenic, tyrosol and caffeic acid. The most resolved
peaks were obtained from stalks and acidic solutions at 320 nm (Figure 3.50). This
indicated that the sample solutions may have contained other phenolic acid derivatives in
addition to the selected reference materials. At this stage it was not possible to draw any
conclusion about the potential presence of simple PACs in the sample solutions.
Consequently, further improvements of the purification procedure were deemed desirable

in order to improve information content.
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Figure 3.49 Chromatograms of sclerotia, stalks and caps analysed by HPLC. PFP
column (3 pm, 150 x 4.6 mm), 35% (v/v) methanol in water containing 0.2% (v/v)

formic acid as the mobile phase, UV 280 nm and flow rate 0.5 mL/min.
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Figure 3.50 Chromatograms of sclerotia, stalks and caps analysed by HPLC. PFP
column (3 pum, 150 x 4.6 mm), 35% (v/v) methanol in water containing 0.2% (v/v)

formic acid as the mobile phase, UV 320 nm and flow rate 0.5 mL/min.

It was found that the use of acidic sample solution provided improved
chromatographic fingerprints when applied to the quality control of THMPs that are known
to consist of all parts of L. rhinocerus. Three chromatograms of commercially available
products (Reishi, Coriolus and Maitake) were obtained for comparison using the acidic
sample solution (Figure 3.51). One compound (peak X) was detected at 15.387 minutes
(Figure 3.51) and the fact that it appeared to be absent in the other traces raised the question
whether it could serve as a potential chemotaxonomic marker for Lignosus species.

However, further investigations are required with other Lignosus species for verification.
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Figure 3.51 HPLC chromatograms of acidic sample, Reishi, Coriolus and Maitake with

one potential chemotaxonomic marker compound (peak X). PFP column (3 pm, 150 x 4.6

mm), 35% (v/v) methanol in water containing 0.2% (v/v) formic acid as the mobile phase,

UV 320 nm and flow rate 0.5 mL/min
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CHAPTER 4: CONCLUSION AND SUGGESTIONS FOR FURTHER

WORK

4.1 General conclusion

The aim of the research presented here was to characterize the key metabolites present in
the L. rhinocerus fungus and to develop a validated methodology that could be used for the
application of quality control procedures to traditional herbal medicinal products (THMPs).
This study provided the first steps towards a chemotaxonomic approach to the classification
of L. rhinocerus which was based on the detection and fingerprint analysis of biochemical
compounds (secondary metabolites). One of the reasons for limited information on the
composition of Lignosus species was mainly due to the difficulty in getting access to these
rare species.

The initial work involved the evaluation of approximate compositions of L.
rhinocerus. The reported components were identified as carbohydrates (86.91%), water
(9.15%), proteins (2.80%) and lipids (0.02%), respectively. Polysaccharides have been
reported to show anti-tumor properties. The moisture content was found to be considerably
high (10.08-13.39% (w/w) of dried materials (DM)) in sclerotia of L. rhinocerus even
though it was a dried material. The sclerotia of fungi are known to have relatively high
affinity to water which indicated that the presence of water formed a crucial part within the
routine quality assessment of L. rhinocerus medicinal products, since high water content
may have significant effects on the formulation of products. The best method for the
determination of moisture was found to be Karl Fischer titrimetry because it was simpler,

accurate and fast when compared to the loss on drying method. The protein content of L.
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rhinocerus is normally related to tonic properties which is claimed to be therapeutically
useful. The Bradford assay was used to determine the total content of protein (2.78 %
(w/w) of DM by BSA calibration). Total protein analysis is considered to be a general test
but was found to be useful information which was decided to be included into the quality
control assessment or specifications of this fungus.

Preliminary work on extraction techniques were carried out on the water extract
(decoction) and involved the use of dichloromethane-water. There were a significant
number of compounds which could be readily extracted when using dichloromethane-
water. Several solvents, ranging from polar (methanol) to non-polar (hexane) solvents,
were used to establish an appropriate extraction technique and methanol was found to be
optimal. In addition, further improvements were achieved when using the extraction. The
method required refluxing the sample with a mixture of methanol-Et;O (1:1, v/v) in the
presence of NaOH solution. This method led to the detection of four compounds by TLC
analysis. This extraction technique was then utilized throughout the sample preparations.

Three approaches were employed for isolating the biochemical compounds, The
first approach was based on fractionation of a principal peak detected under isocratic HPLC
conditions, using a short Cg column and 95% (v/v) methanol in water as the mobile phase.
This approach was found to be a convenient method since the principal peak was well
resolved from other peaks and as a result, a pure white residue was obtained (7.29 mg, 0.15
mg/g of dried sclerotia). The other two approaches involved the isolation of TLC spots and
flash chromatography which was not be suitable to isolate compounds at Ry 0.46, 0.40 and
0.35 since the compounds residues were very little and required a large quantity of raw
material for the isolation. These both methods were also not suitable for compounds
susceptible to oxidation. In addition, both methods were time consuming and used a lot of

solvent and sample material. Hence, from these two approaches, only two compounds were
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successfully isolated: a white residue, 78.63 mg or 0.39 mg/g of DM and a yellow residue,
5.76 mg or 0.03 mg/g of DM.

The white residue was identified as ergosterol by comparing its retention time and
spectra to ergosterol reference material. Ergosterol is a secondary metabolite ultimately
derived from carbohydrate and is synthesized from acetate via the mevalonic acid pathway.
The HPLC method was validated for quantifying the amount of ergosterol in different parts
of L. rhinocerus. The validation showed that the method was selective, precise (RSD
3.90%) and accurate (recovery 92.60 - 104.60%) with good linearity = 0.9990) while the
QL and DL were determined at 0.04 pg/mL and 0.40 pg/mL, respectively. The robustness
of the HPLC method was demonstrated by selective variations of analytical conditions in
which the RSD values of intermediate precision were below 5.0%. The ergosterol
distribution was found to vary in different parts. Caps, stalks, sclerotia with and without
growth of the fungi were 0.37 £ 0.06 mg/g, 0.11 + 0.03 mg/g, 0.13 £ 0.02 mg/g and 0.11 £
0.02 mg/g of DM respectively. These results indicated that the younger part of L.
rhinocerus had more ergosterol than the older. This also indicated that in addition to the
sclerotia the beneficial material obtained from L. rhinocerus included the caps and stalks as
well.

The HPLC-UV chromatographic fingerprint of L. rhinocerus species revealed the
presence of fungal sterols. A Waters Cigcolumn (150 x 4.6 mm i.d, 5.0 pm) was employed
using 95% (v/v) methanol in water containing 0.02% (v/v) TFA at a flow rate of 1.0
min/mL and a wavelength at 280 nm. Chromatographic analysis showed potential for
chemotaxonomic profiling of L. rhinocerus since Peak 1 (Figure 3.22, page 90) was
detected in the sample solution when compared to chromatograms obtained from other

commercially available fungal products where this peak was absent.
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Ergosterol, which is the principal fungal sterol and its peroxidation products, has
been reported to have numerous pharmacological properties including anti-inflammatory,
anti-tumor and anti-oxidant effects. Ergosterol is also a precursor of vitamin D
(ergocalciferol) via photochemical reactions using UV-B, However, vitamin D was not
detected in L. rhinocerus under the conditions used.

The second isolated yellow compound was found to be ergosta-4, 6, 8 (14), 22-
tetraen-3-one (ergone) as judged from comparison with spectral data reported in the
literature. The pharmacological activity of ergone is known to be related to ergosterol and

include anti-aldosteronic diuretic properties.

The UV and HPLC screening tests revealed that the L. rhinocerus may contain
phenolic acid compounds (PACs). The total PACs content (average 23.15 pg/g) was
determined by the Folin-Ciocalteu method. Anti-oxidant effects are related to
pharmacological effects of PACs. The chromatographic fingerprint was determined by an
optimized HPLC method. One compound was detected at 320 nm that may serve as a
potential chemotaxonomic marker molecule within L. rhinocerus.

Both qualitative and quantitative analyses and the chemotaxonomic profiling of
fungal sterols and PACs by HPLC methodologies were found to be suitable for the
classification of L. rhinocerus species. It was possible to conclude that the developed
procedures should be applicable to routine quality control assessments of traditional
medicinal products of fungal materials. Routine analysis and screening for active
ingredients should also enable the determination of environmentally-based variations that
are naturally observed in herbal and fungal products. Factors include age of the fungus,

growth conditions and post-harvest storage.
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4.2 Suggestions for further work

The current research used a very limited source of raw materials of L. rhinocerus which
placed some difficulties on the isolation and unambiguous identification of Peak 1 (fungal
sterols, Figure 3.22, page 90) and Peak X (Figure 3.51, page 125) from PACs. This
problem may be resolved when using more advanced techniques such as HPLC-NMR. This
technique has become the most promising technique for isolation, quantification, and
structural elucidation of metabolites from biological fluids such as urine, blood or plasma
and natural products in low concentration (Zhou et al., 2007; Weber et al., 2008; Djukovic
et al., 2008). Traditionally, NMR measurements required milligram amounts of the analyte
in question to obtain sufficient signal-to-noise ratios, whereas the newly developed micro-
coil NMR probes currently offer detection limits below 10 ng (Djukovic et al., 2008).

The isolation of biochemical compounds using silica gel plates enabled the
separation of ergone only but did not result in separation from other fluorescent
compounds. However, these compounds could possibly be isolated using an automated-
fractionating HPLC technique with fluorescent detection which is 1000-fold more sensitive
than absorbance measurements (Christian, 1994). A high-speed counter-current
chromatography method (HSCCC) is another example of potentially efficient separation
that could be used in the future. It is a support free liquid-liquid partition chromatographic
technique that can eliminate irreversible adsorption of samples on solid support in
conventional column chromatography (Wu et al., 2009). HSCCC is a very effective tool for
the preparative separation and purification of natural products and Chinese traditional herbs
(Zhao and He, 2007).

Purification of fungal sterols and PACs may be improved by using solid phase
extraction (SPE) rather than using flash chromatography and HPLC-based fractionation.
SPE has drastically changed the classical approaches of solvent extraction and allows not

only isolation of analytes but also its preconcentration (Rouessac and Rouessac, 2000). The
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technique can minimize the consumption of solvent and packing materials, especially silica
powder which is hazardous to health.

Ergosterol is a unique component found in fungi, and hence, a good indicator for
fungal contamination. Its quantification is more reliable than chitin (a component of fungal
cell walls) which forms the major part of the insect cuticle and therefore, the analysis for
fungal chitin could be contaminated with insects (Frisvad et.al, 1998). Furthermore, the
accuracy of chitin assay techniques (e.g. hydrolysis followed by chromogen development
procedures and spectrophotometric determination) depends on the conversion factor
relating to the glucosamine content (Nilsson and Bjurman, 1998; Ng et al., 2007) whereas
quantification of ergosterol is possible by direct comparison with reference material.

Subsequently, this HPLC method may become an alternative method to the
conventional plate count methods used for the determination of microbial contamination
assessment as described in the BP and USP. The conventional methods only measure
culturable fungi and often require long incubation periods on selective agar media (Ng et
al., 2007). Many studies have found a significant correlation between the ergosterol content
and fungal dry mass in soil and aquatic systems, rice, tomato products and corn grains
(Pasanen et al., 1999; Kadakal and Artik, 2004; Ridder-Duine et al., 2006; Parsi and
Gorecki, 2006). There was a study by Ng et al., 2007 who used an ergosterol assay as a
rapid tool for the assessment of fungal contamination in grains and feeds. In the assay,
Aspergillus niger was used, cultured in agar media and the colonies of the fungi were
scraped and extracted with methanol. The HPLC result of this study showed a good
correlation between the growth of A. niger and ergosterol content which indicated that
ergosterol was a good indicator for mould growth. The suggested quality limit from this
study was less than 3.0 ug of ergosterol per gram of sample and values above 8.0 ug/g of
ergosterol were considered to reflect poor quality. Hence, this study supported the idea of

employing the HPLC method as an alternative for traditional microbial assessment of
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pharmaceutical products in the future. Furthermore, this HPLC method may facilitate the
exploration of a wide range of fungal species apart from A. niger and Candida albicans
which are indicators for fungal contamination found in medicinal products (BP and USP,

2009).
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Appendix I: Press release

Appendix I: The Press Release of L. rhinocerus

The Star Online >Nation Friday, October 04, 2002
Cough cure tiger's milk s a fungus
By FOONG THIM LENG

IPOH: The tiger's milk which cured Prime Minister Datuk Seri Dr Mahathir Mohamad chronic cough is a fungus
found in Malaysian jungles, said local Chinese herbalist Liew Shou Lin, 63.

He said the Malays and the orang asli called it kulat susu rimau as according to folklore, the fungus would grow
at the spot where milkfrom a tiger had dropped on. He said the fungus grew well in cool and wet areas in the
fringe of the jungle or rubber estates.

Dr Mahathir had during the opening of the International Convention on Bio-technology at the Putra World Trade :
Centre in Kuala Lumpur on Tuesday, said that the chronic cough he used to suffer from stopped after a friend
persuaded him to take Chinese medicine. His friend had said the medicine was tiger’s milk but was not willing

JUNOLE CURE. Liew showing
to divulge its secret. Dr Mahathir said that so far, no attempt had been made to analyse and identify the active  the Yiger's milk'fungusin lpoh

ingredient or to test and produce the medicine commercially. Thovedsy

Liew said the kulat susu rimau belonged to the same family as the lingzhi (ganoderma lucidum), another popular fungus known for its various
curative propertiesin treating ailments like insomnia, hypertension, chronic bronchitis, kidney infection, asthmatic cough and low blood cell
count.

The kulat susu rimau fungus Is a local herb not found in the Chinese pharmacopoeia but its effectiveness in treating asthmatic cough, gastritis,
andindigestion especially among infants, has been known not only to the older generation among the Chinese but also the Malays and the
orang asli.

The orang asli used to collect the fungus for Chinese medical hallsin towns and villages, he said. He said the effective part of the fungus was its
hard, tuber-like body found in the top soil. The partis normally cutinto pieces and boiled in water for drinking. It can be ground into powder
Form and mixed with Chinese rice wine for external application to treat lumps, boils and sores, said Liew.
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Appendix III: Commercials products

Reishi (G. lucidum),

Long Heh (C. sinensis)

Felyoung (P. cocos),



Appendix IV: Validation data

(a) Calculation of limit of detection (DL) and quantification (QL) based on the standard

Appendix IV: Validation data

deviation (o) of y-intercepts and slope (S):-

Run 1
Concentartion
No. (ug/mL) PA
1 40.89 2028.13
2 61.33 3218.25
3 81.78 4222.96
4 102.22 5589.99
5 122.66 6381.41
S 54.19
y-intercepts -143.17
r 0.9951
Run 2
Concentartion
No. (ug/mL) PA
1 39.5058 1986.65
2 61.3320 3214.26
3 81.7760 4175.71
4 102.2200 5617.48
5 122.6640 6479.00
S 54.96
y-intercepts -184.58
r 0.9955
Run 3
Concentartion
No. (ug/mL) PA
1 40.90 2007.39
2 60.33 3205.25
3 80.51 4210.96
4 100.52 5333.99
5 120.17 6341.31
S 54.32
Yy-intercepts -152.42
0.9990

Calculation
y-intercepts S
143.17 54.19
184.58 54.96
152.42 54.32
c 21.74 0.41
Average 160.06 54.64
DL=3*e¢
S
=33*21.74
54.64
=1.31 pg/mL
QL=10*¢
S
=3%*21.74
54.64
=3.98 yg/mL




Appendix IV: Validation data

(b) Stability of analytical solutions:-

Run 1
Sample Reference
No. RT PA RT PA
1 6.37 | 2781.59 6.34 4678.35
2 6.39 | 277873 6.42 4750.71
3 6.40 | 2766.33 6.39 4725.90
4 6.47 | 277725 6.45 4721.71
5 6.50 | 2782.85 6.48 4780.50
6 6.49 | 2764.94 6.48 4766.24
7 6.48 | 2763.84 6.50 4746.20
8 6.47 | 275820 6.40 4730.01
9 6.39 | 2766.20 6.41 4712.86
10 6.36 | 2748.30 6.42 4695.72
11 6.33 | 273040 6.43 4678.57
12 6.39 | 271251 6.43 4661.42
average | 6.42 | 2759.05 6.44 4724.53
sd | 0.06 21.35 0.04 37.03
RSDg, | 0.92 0.77 0.68 0.78
Run 2
Sample Reference
No. RT PA RT PA
1 433 3361.69 444 | 3266.74
2 4.44 3288.33 445 | 325930
3 445 3300.01 445 | 3281.53
4 4.46 3302.13 446 | 3287.55
5 447 3288.34 446 | 327943
6 4.46 3281.91 445 | 3275.60
7 4.40 3270.57 445 | 3280091
8 4.38 3260.46 444 | 329294
9 437 3250.35 444 | 3296.96
10 445 3240.24 443 | 3260.99
11 444 3230.13 442 | 324001
12 4.45 3220.02 442 | 3241.99
average | 4.43 3266.59 444 | 327247
sd | 0.04 38.57 0.01 18.53
RSDg, | 0.99 1.18 0.30 0.57




