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Introduction

The global occurrence of diabetes is on the rise. A total of 
422 million adults were identified as diabetic in 2014 which 
represented an increase from 4.7% to 8.5% within the adult 
population [1]. Diabetes mellitus (DM) is a chronic metabolic 
disease of the endocrine system characterised by hyperglycaemia 
(ASSOCIATION & DEFINITION, 2009). Patients affected by 
diabetes face serious complications which include heart disease, 
nephropathy, retinopathy, cerebrovascular disease, and nerve 
damage [2]. Treatment of DM generally targets the immediate 
lowering of blood glucose level of the patients to prevent 
further complications brought about by hyperglycaemia. The 
pathogenesis of diabetes has also been commonly known to 
involve an elevated level of oxidative stress in the body caused by 
the presence of radical oxygen species (ROS) participating in free 
radical reactions [3]. ROS is comprised of a variety of chemical 
entities, ranging from an unstable group of superoxide or hydroxyl  

 
radicals to longer lasting and diffusible hydrogen peroxide 
[4]. They play a critical role in activating important signalling 
pathways within the cells that alter gene expression or initiate 
cell deaths [5]. However, at high concentrations, free radicals 
can result in biomolecular damages to the cells [6]. The level of 
ROS is maintained at equilibrium by the presence of endogenous 
and exogenous antioxidant under physiological conditions [7]. 
Endogenous antioxidants refer to the body’s inherent defence 
antioxidant such as superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase (GPx) [8] whereas exogenous 
antioxidants are natural nutrients consumed through daily diets 
which includes ascorbate, tocopherols, carotenoids, polyphenols 
and flavonoids [9,10]. These natural nutrients are readily found in 
fruits, vegetables and medicinal plants [10,11]. 

Traditional Chinese medicine (TCM) has a different view 
on the development of diabetes as a chronic disease. Termed as 
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xiaokezheng in TCM, the disease is attributed to yin-deficiency 
of the body caused by improper diet, emotional distress and 
excessive sexual activities [12]. Patients of xiaokezheng are 
usually prescribed with Liuwei Dihuang (LWDH), a classical 
herbal formula known to restore the functional balance of the 
body by replenishing the kidney yin and invigorating the spleen 
qi. The formula is comprised of 6 different herbal plants, namely 
radix rehmanniae preparata, fructus corni, rhizome dioscoreae, 
poria, rhizome alismatis and cortex moutan. Studies of LWDH 
treatments on mouse models shown improvement in diabetic 
condition through the regulation of PI3K/Akt signalling pathway 
[13] while clinical studies of the formula demonstrated beneficial 
effects to diabetic microvascular complications and lowers two 
forms of oxidative stress biomarkers CML and 8-IsoP [14,15]. 
Comprising of plant materials entirely, LWDH can be positioned 
as nutraceuticals that provides as pharmaceutical alternative to 
conventional western medicinal treatment for diabetes. 

Studies have shown that LWDH is effective in managing and 
preventing deterioration of diabetic symptoms and complications 
[16,17]. However, despite the proven effectiveness of LWDH 
treatment for diabetic cases, the mechanism of actions for the 
treatment has yet to be shown. The medicinal values of herbal 
plants may lie in its abilities to reduce oxidative stress to the body 
by increasing its antioxidant activity. It is hypothesised that LWDH 
alleviates diabetic symptoms via the reduction of oxidative stress 
and lowering of blood glucose in the body through the actions 
of the compounds synthesized by the herbal plants. Herein, the 
present work aims to characterise the antioxidant and anti-
diabetic capacities of LWDH and its phytochemical presence with 
the use of different solvents as an extraction medium. 

Materials and Methods

Chemicals and Materials

Chemicals used in the extraction process, namely methanol, 
ethyl acetate, chloroform, and hexane, were purchased from 
Sigma-Aldrich (St. Louis MO, USA). Derivatisation reagents 
methoxyamine hydrochloride, pyridine, and N-methyl-N-
(trimethylsilyl)-trifluoroacetamide (MSTFA) were purchased 
from Sigma-Aldrich (St. Louis MO, USA). Folin-Ciocalteau’s 
reagent, aluminium chloride, sodium bicarbonate, 2,2’-azino-
bis (3-ethylben-zothiazoline-6-sulfonic acid) diammonium salt 
(ABTS), 2,2’-diphenyl-1-picrylhydrazyl (DPPH), gallic acid and 
quercetin used in the assays were purchased from Sigma-Aldrich 
(St. Louis MO, USA). Concentrated pills of LWDH used in the present 
study were obtained commercially. The pills were manufactured 
by Hefei Shenlu Double-Crane Jiuhua Pharmaceutical Co. Ltd, 
Anhui, China. Raw herb materials of the LWDH formula, namely 
radix rehmanniae preparata, fructus corni, rhizome dioscoreae, 
poria, rhizome alismatis and cortex moutan, were purchased from 
Sinchong TCM Clinic, Singapore. 

Pills Extraction Process

LWDH pills were reduced to powder form with pestle and 
mortar. To prepare the extracts in different solvents, the powdered 
LWDH pills were vortexed at a concentration of 0.1g/ml with 
methanol, ethyl acetate, chloroform and hexane. For aqueous 
extract, LWDH pills powder were suspended in distilled water at 
a concentration of 0.1g/ml before decocting at 105°C for 30 mins. 
All extracts were centrifuged at top speed for 10 mins before 
collecting the supernatant in aliquots. Each aliquot was aired to 
dryness before storing in -80°C for further processing. 

Herbal Formula Extraction Process

The herbal formula is prepared with radix rehmanniae 
preparata, fructus corni, rhizome dioscoreae, poria, rhizome 
alismatis and cortex moutan in the ratio of 8:4:4:3:3:3, combined 
to a total weight of 2.5 g. 25 ml of distilled water was added before 
heating the mixture to 105°C for 30 mins. For methanol extract, 
25 ml of methanol was added to the mixture and sonicated for 30 
mins. Both extracts were collected and centrifuged at top speed 
before collecting the supernatant in aliquots. Each aliquot was 
aired to dryness before storing in -80°C for further processing.

Sample Preparation for Assays

Methanol, ethyl acetate, chloroform and hexane extracts were 
reconstituted in 95% methanol while aqueous extracts were 
reconstituted in distilled water. All extracts were added solvents 
equivalent to its original volume prior to drying. Methanol 
and distilled water served as blank reference for all assays. 
Considering some of the extracts were colored, control references 
were prepared by mixing the samples with only the solvents of the 
assay solution in the same volume. 

Quantitative Determination of Antioxidant Activities

ABTS radical scavenging activity

The 2,2’-azino-bis (3-ethylben-zothiazoline-6-sulfonic acid 
diammonium salt) radical cation scavenging activity assay, more 
commonly known as ABTS assay, was used to quantitatively 
determine the antioxidant activities of each extract. The assay was 
performed in accordance to the method described by Re et al. with 
modifications [18]. Briefly, ABTS+ ions were produced by mixing 
7 mM ABTS stock solution with 2.45 mM potassium persulfate 
in 1:1 ratio and allowing the reaction to reach completion by 
leaving the mixture in the dark for 16 hours. A working stock 
is prepared by diluting the ABTS+ solution with ethanol until a 
stabilised absorbance reading of 0.700 ± 0.05 when measured at 
734 nm was achieved. Antioxidant activities of the extracts were 
assessed by adding 180 µl of ABTS working stock to 20 µl sample 
in each well of the microplate. The absorbance reading is taken 
after allowing the mixture to incubate for 15 minutes. The level 
of antioxidant activity was expressed as percentage inhibition of 
the ABTS+ ions and can be determined by the following equation:
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Equation 1:	
(%) 1 100%sample control

blank control

Ab Ab
Inhibition

Ab Ab
− 

= − × − 

The higher the percentage, the higher the level of antioxidant 
activity of the extract. Samples were later serially diluted (1 mg/
ml to 100 mg/ml) for further investigation of antioxidant activity 
at different concentrations. 

DPPH Radical Scavenging Activity

The free radical scavenging activities of the various extracts 
were assessed by using the 2,2’-diphenyl-1-picrylhydrazyl 
(DPPH) assay, performed in accordance to the method described 
by Takao et al. [19], applied with suitable modifications from 
the procedures of [20]. Briefly, 100 µl of sample was mixed with 
100 µl DPPH in methanol (0.2 mM). The mixture was incubated 
in darkness for 30 mins before absorbance measurement was 
taken at 517 nm. The level of antioxidant activity was expressed 
as percentage inhibition of the DPPH free radicals and can be 
determined by the following equation:

Equation 2: (%) 1 100%sample control

blank control

Ab Ab
Inhibition

Ab Ab
− 

= − × − 
The higher the percentage, the higher the level of antioxidant 

activity of the extract. Samples were later serially diluted (1 mg/
ml to 100 mg/ml) for further investigation of antioxidant activity 
at different concentrations.

Quantitative Analysis of Phytochemicals 

 Total Phenolic Content

The total phenolic content of each extract was measured by 
the Folin-Ciocalteau’s reagent method as described by McDonald 
et al [21]. Briefly, 200 µl of 0.2 N Folin-Ciocalteau’s reagent 
was added to 100 µl of sample, followed by 800 µl of 700 mM 
Na2CO3. The mixture was incubated in the dark for 2 hrs before 
absorbance measurements were taken at 765 nm. A standard 
calibration curve was plotted with the absorbance readings of 
gallic acid (0 µg/ml to 120 µg/ml) dissolved in distilled water. 
The total phenolic content of each extract was expressed as gallic 
acid equivalents. Samples were also serially diluted (1 mg/ml to 
100 mg/ml) for further investigation of total phenolic content at 
different concentrations.

Total Flavonoid Content

The total flavonoid content of each extract was measured using 
method described by Chang et al., performed with modifications 
[22]. Briefly, 1 ml of AlCl3 (2%) dissolved in methanol was added 
to 1 ml of sample. The mixture was incubated for 1 hour in the 
dark before the absorbance measurements were taken at 415 nm. 
A standard calibration curve was plotted with the absorbance 
readings of quercetin (0 µg/ml to 20 µg/ml) dissolved in distilled 
water. The total flavonoid content of each extract was expressed 
as quercetin equivalents. Samples were also serially diluted (1 

mg/ml to 100 mg/ml) for further investigation of total flavonoid 
content at different concentrations.

Quantitative Determination of Anti-diabetic Activities

The α-amylase assay was carried out in accordance with the 
procedure described by [23] with modifications. Briefly, 15 µl 
Afolayan, of dried extract reconstituted in PBS is added with 5 µl of 
enzyme porcine pancreatic solution (2U/ml) and incubated for 10 
mins at 37℃. 20 µl of starch solution is added at concentration 10 
mg/ml and the mixture is further incubated for 30 mins at 37℃. 
10 µl of 0.1M HCl was added to stop the reaction after incubation 
and 75 µl of iodine was added to the mixture. Absorbance reading 
was taken at 580 nm. Samples were measured in triplicates.

GC-MS Metabolites Profiling

GC-MS analysis was conducted according to procedure 
described by Chen et al. [24]. For sample preparation, the 
extracts were dried and derivatized by first dissolving in 50 µl of 
20 mg/ml solution of methoxyamine hydrochloride in pyridine, 
incubated for 60 mins at 37℃. Following which, 100 µl of 
N-methyl-N-(trimethylsilyl)-trifluoroacetamide (MSTFA) with 1% 
trimethylchlorosilane (TMCS) was further added to each extract, 
and further incubated at 70 °C for 30 min. Once derivatization is 
complete, the mixtures were centrifuged at 14,000 rpm for 10 
mins and the supernatant transferred to glass vials for GC-MS 
analysis. 

Samples were injected at 1 µl into a HP5-MS column by an 
autosampler using a spitless mode. Helium gas was used as a 
carrier gas with flow rate of 1.1 mL/min. The inlet and MS source 
temperature were kept constant at 250℃ and 230℃ respectively. 
The oven temperatures were initialized at 80℃ for 2 mins, and 
subsequently increased to 165℃ at 10℃/min for 2 mins, 180℃ 
at 1℃/min for 3 mins, 275℃ at 20℃/min with no pause and 
280℃ at 2℃/min for 5 min. post-temperature is set at 80℃ for 
3 mins. Total run time is 42.75 mins. Chromatogram acquisition 
and mass spectra identification were obtained with Agilent 
MSD Chemstation Data Analysis software and the compounds 
were identified with NIST02 mass spectral database and Golm 
database. The mass spectra were deconvoluted with AMDIS. The 
compounds were normalised to the peak intensity of the internal 
standard ribitol. The order of sampling was randomised and 
adjusted for consistency by batch analysis. 

Statistical Analysis

All samples were measured in triplicates and the results were 
expressed in terms of mean value (n = 3) ± standard deviation of 
the mean value. Linear regression was used to analyses the data 
obtained from the measurements.

Result

Methanol, aqueous, ethyl acetate, chloroform and hexane 
extracts were prepared for LWDH pills while methanol and 
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aqueous extracts were prepared for LWDH herbal formula. 
These extracts were assessed for their antioxidant activities and 
anti-diabetic activities and quantified for their total phenolic 
content and total flavonoid content. Pills and herbal formula were 
selected as representing samples for Liuwei Dihuang to observe 
for any changes to extraction efficacy of the compounds due to 
matrix differences of the sample materials. While LWDH could 
be grounded to fine powder, it was not possible to reduce the 
plant materials of the herbal formula to similar fineness prior to 
extraction. However, results from the study would later show that 
both types of samples were able to produce similar antioxidant 
effects despite differences in the sample matrix.

Antioxidant Activities

Table 1 showed the result of the antioxidant activities of the 
various extracts as assessed by the ABTS and DPPH assays. The 
highest antioxidant activities were consistently observed in the 
methanol and aqueous extracts of both LWDH pills and herbal 

formula across both assays, reaching near 100% inhibition. 
Chloroform extract of LWDH pills also exhibited notable 
antioxidant activities, with more than 50% inhibition observed in 
DPPH assay. However, it should be noted that the measurements 
were corrected for their initial absorbance readings due to some 
of the extracts being colored, resulting in values exceeding 100% 
and lower than 0%. Furthermore, presence of white emulsion 
could be seen when reagents of ABTS and DPPH assays were 
added to the aqueous extracts of LWDH pills and herbal formula 
due to the use of methanol and ethanol as diluting solvents. 
Considering that methanol and aqueous extracts of LWDH pills and 
herbal formula achieved significantly higher level of antioxidant 
activities compared to the other extracts, the four extracts were 
investigated further for their dose dependent effects and the 
influence on antioxidant activities. Figures 1 & 2 illustrated the 
percentage inhibition of the radicals for ABTS and DPPH assays at 
different concentrations of the extracts respectively. 

Figure 1: Antioxidant activities of methanol and aqueous extracts for LWDH pills and herbal formula presented in percentage inhibition of 
ABTS radicals.

Table 1: Percentage inhibition of the radical scavenging activities of the radicals by the various extracts.

% Inhibition

Samples Solvents ABTS DPPH

LWDH Pills Methanol 101.39 ± 0.66 96.14 ± 0.63

Aqueous 101.41 ± 0.67 97.00 ± 3.05

Ethyl Acetate 16.64 ± 3.47 36.94 ± 2.93

Chloroform 21.33 ± 3.93 58.94 ± 3.03

Hexane 3.36 ± 4.67 -1.18 ± 0.72

LWDH Herbal Formula Methanol 100.31 ± 0.26 96.31 ± 0.47

Aqueous 100.94 ± 1.33 81.62 ± 5.25

The antioxidant activities were determined by spectrophotometric measurements at 734 nm and 517 nm respectively for ABTS and DPPH assays.
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Figure 2: Antioxidant activities of methanol and aqueous extracts for LWDH pills and herbal formula presented in percentage inhibition of 
DPPH radicals.

Table 2: Total phenolic content (TPC) and total flavonoid content (TFC) of various extracts.

Total Phenolic Content Total Flavonoid Content

Samples Solvents mg of GAE/g of sample mg of QE/g of sample

LWDH Pills Methanol 2.676 ± 0.0448 0.236 ± 0.0262

Aqueous 3.094 ± 0.0341 0.166 ± 0.0146

Ethyl Acetate 0.059 ± 0.0149 0.014 ± 0.0022

Chloroform 0.692 ± 0.0064 0.091 ± 0.0080

Hexane 0.073 ± 0.0094 0.002 ± 0.0009

LWDH Herbal Formula Methanol 2.856 ± 0.0301 0.092 ± 0.0054

Aqueous 2.639 ± 0.0312 0.035 ± 0.0084

TPC is expressed in terms of gallic acid equivalent (y = 0.0064x + 0.0663R² = 0.9514) and TFC is expressed in terms of quercetin equivalent (y = 
0.0132x + 0.0022R² = 0.9956).

From Figure 1, it can be observed that all extracts eventually 
reached 100% inhibition of ABTS radicals at 10 mg/ml. By 
comparing the IC50 concentrations of the extracts, methanol 
extract of LWDH herbal formula demonstrated the strongest 
antioxidant activity, with a low IC50 concentration between 1 
mg/ml and 2.5 mg/ml whereas aqueous extract of the herbal 
formula yielded the weakest antioxidant activity level, with 
IC50 concentration between 5 mg/ml and 10 mg/ml. On Figure 
2, all extracts approached 100% inhibition of DPPH radicals at 
concentration between 2.5 mg/ml and 5.0 mg/ml. Estimation 
of IC50 concentrations showed that methanol extract of LWDH 
herbal extract had again exhibited the strongest antioxidant 
effect, together with aqueous extract of LWDH pills. Methanol 
extract of LWDH pills had the least potent antioxidant effect, 
requiring concentrations between 1 mg/ml to 2.5 mg/ml to reach 
50% inhibition. While this is inconsistent with the data obtained 

from ABTS assay, the variation is marginal. The discrepancy may 
be attributed to the affinity of the compounds extracted from both 
solvents with the radicals of the antioxidant assays [25], with 
some compounds inhibiting ABTS radicals more effectively than 
DPPH radicals, and vice versa. 

Phytochemicals Quantification

Phenolic compounds are a common class of secondary 
metabolites found in plant materials [26]. The hydroxyl groups 
present in these phytochemicals confer scavenging ability for the 
plants [27] which is believed to be responsible for their antioxidant 
activity [28]. Reports of qualitative analysis conducted on plant 
metabolites revealed large presence of phenols from extracts 
using polar solvents [29]. Of the different categories of phenolic 
compounds found in plants, flavonoids form a major component. 
Flavonoids are thought to possess significant antioxidant activities 
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[30] derived from their abilities to scavenge most oxidizing 
molecules and radicals [31]. The quantification of phenolic 
content was carried out to determine its presence. A further 
quantification was carried out to determine the flavonoid content 
of each extract. Table 2 showed the results of the quantification 
tests for phenolic and flavonoid contents expressed as gallic acid 
and quercetin equivalent respectively.

Consistent with the results of antioxidant activities, methanol 
and aqueous extracts showed the highest amount of phenolic 
content with more than 2mg of gallic acid equivalent per gram 
of pills or herbs sample. Chloroform also exhibited a significant 
level of phenolic presence, amounting to 0.692 mg of gallic acid, 
which may be the explanation for the slight antioxidant activity 
detected in the assays. The results are supported by other studies 
which have also established a positive correlation between phenol 
concentration and antioxidant activity [32,33]. However, high 
phenolic contents did not correspond to high level of flavonoid 
contents. Methanol and aqueous extracts of LWDH herbal 

formula were determined to only contain 0.092 mg and 0.035 mg 
equivalent of quercetin, almost half the value detected in methanol 
extract of LWDH pills. This suggests that the classes of antioxidant 
compounds extracted from LWDH pills and herbal formula may 
be different, with LWDH pills extracts having higher amount of 
flavonoid than LWDH herbal formula. There is no observable 
correlation between flavonoid content and antioxidant activity. 
The phenolic and flavonoid contents in the methanol and aqueous 
extracts were further investigated at different concentrations. 
Figure 3 compared the phenolic contents of the extracts at each 
concentration level. Despite having the lowest IC50 values in both 
antioxidant assays, methanol extract of LWDH herbal formula did 
not report to have the highest phenolic content. Methanol and 
aqueous of both types of LWDH samples were able to achieve 
50% inhibition in the antioxidant assays with phenol content 
lesser than 1 mg of gallic acid equivalent. Figure 4 illustrated 
the changes in the flavonoid content of the extracts at different 
concentration levels, showing a much content when compared to 
the phenolic contents. 

Figure 3: Total phenolic content determined from methanol and aqueous extracts of LWDH pills and herbal formula expressed in terms of 
gallic acid equivalent (GAE).

Anti-diabetic Activities

As summarized in Table 3, methanol extracts of LWDHP and 
LWDH showed the highest positive inhibition of the hydrolytic 
function of α-amylase. Interestingly, aqueous extracts of both 
samples exhibited inhibition, suggesting that starch content 
was more than the amount initially added. To understand the 
situation, methanol and aqueous extracts of LWDH pills and 
herbal formula were further investigated for starch presence 
by replacing α-amylase solution and starch solution with PBS. 
Table 4 showed the amount of starch detected in each extract at 

various concentrations. It should be mentioned that the intensity 
of absorbance for aqueous LWDH pills was beyond the limit of the 
spectrometer. Given the linearity of the relationship between the 
concentration of the extract and the starch content, the amount of 
starch present was extrapolated from the linear curve fitted to the 
graph, with a correlation of 0.9635.

It was observed that aqueous LWDH pills contained high 
content of inherent starch when compared to the aqueous 
counterpart of LWDH herbal formula. However, the same 
discrepancy in starch content could not be seen between the two 
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methanol extracts. Ironically, methanol extract of LWDH herbal 
formula reported a higher amount of starch content than aqueous 
extract of the same sample at low concentrations. Considering the 
starch content recorded in each extract, the percentage inhibition 
of α-amylase digestive action was calculated by subtracting the 

inherent starch content from the final value. Percentage inhibition 
in Table 3 was hence calculated after accounting for the starch 
present in the extract prior to performing the assay. Figure 5 
summarized the level of inhibition for each extract at various 
concentrations.

Figure 4: Total flavonoid content determined from methanol and aqueous extracts of LWDH pills and herbal formula and expressed in 
terms of quercetin equivalent (QE).

Figure 5: Percentage inhibition of α-amylase by methanol and aqueous extracts of LWDH pills and herbal formula at various 
concentrations.

Table 3: Percentage inhibition of α-amylase by the various solvents.

Samples Solvents % Inhibition Starch Equivalent (mg)

LWDH Pills Methanol 61.44719 0.239020293

Aqueous -91.6609 0.456853342

Ethyl Acetate 16.52016 0.051622459

Chloroform 16.43355 0.05126121

Hexane 19.65964 0.064717729

LWDH Herbal Formula Methanol 59.94241 0.232743595

Aqueous -126.303 0.312353807
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Table 4: Starch content in each extract at various concentrations before digestion.

Starch Equivalent (mg)

Meth LWDHP Aq LWDHP Meth LWDH Aq LWDH

1 mg/ml 0.034 0.082 0.027 0.013

2 mg/ml 0.031 0.047 0.027 0.015

5 mg/ml 0.043 0.063 0.032 0.029

10 mg/ml 0.053 0.111 0.033 0.032

20 mg/ml 0.059 0.264 0.079 0.071

40 mg/ml 0.054 0.376 0.047 0.11

60 mg/ml 0.064 0.492 0.105 0.214

80 mg/ml 0.129 0.68 0.327 0.244

100 mg/ml 0.325 0.839 0.37 0.279

Readings that were beyond the limit of the spectrometer was extrapolated from the linear curve fitted to the curve. Equation used: y = 0.0587x + 
0.4431 with r2 = 0.9635.

There is a gradual increase in level of inhibition of the 
enzyme for methanol extracts of both LWDH pills and herbal 
formula, eventually approaching 100% inhibition, relative to 
inhibition level observed with acarbose, at 100 mg/ml with the 
sharpest increment observed between 60 mg/ml to 80 mg/ml. 
On the contrary, there was almost no inhibition recorded with the 
aqueous extracts of either LWDH pills or herbal formula except 
for an anomaly seen in aqueous LWDH herbal formula where 
inhibition reached approximately 50%. By negative percentage 
inhibition, the change in starch content determined from the 
assay was found to be more than the amount added. 

Metabolomics Profiling

Figure 6 showed a heatmap summarizing the distribution 
and relative abundance of detected compounds across the seven 

extracts of LWDH pills and herbal formula. Of which, the methanol 
and aqueous extracts of both LWDH pills and herbal formula 
contained most of the detected compounds. The compounds 
were identified with minimum 75% similarity match to the mass 
spectra found in the database. The abundance of each compound 
is determined with reference to the peak area of 20 ul of ribitol 
(20 mg/ml) added to each sample prior to drying. There were 
generally two main groups of compounds: sugars and organic 
acids. Sugar compounds were of the highest abundance among 
the compounds, specifically fructose, sorbose and glucopyranose. 
There were many identified organic acids found in the list of 
detected compounds as well, with malic acid detected in higher 
concentration in the aqueous extracts relative to methanol and 
chloroform extracts (Table 5). 

Figure 6: Heatmap showing the distribution of compounds across various solvents and their relative abundance. ░ indicates that 
compound was not detected in the extract.
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Table 5: Main compounds identified from extracts of LWDH pills and herbal formula, with retention time and relative abundance to ribitol.

Average RT Compounds AQ LWDH AQ LWDHP Meth 
LWDH

METH 
LWDHP

Chloro 
LWDHP EA LWDHP Hex LWDHP

6.24 Trisiloxane 0.084 0.1502

7.686 Phosphoric Acid 1.9961 2.0778 0.7558 0.7158 0.0117

8.465 Glyceric Acid 0.0648 0.0798 3.9415 0.0202

10.54 Malic Acid 9.5806 8.3709 0.0363 2.4292 0.0158

12.026 Tartaric Acid 0.1937 0.3615 0.0393

13.045 Butanedioic Acid 0.2142 0.3184 0.0488

13.645 Lyxose 0.1542 0.1482

15.052 Arabinitol 0.3467 0.0561 0.1405

15.18 Ribitol 1 1 1 1 1 1 1

15.801 Unknown 1 0.4619 0.0753

16.997 Unknown 2 0.2838

17.664 D-Fructose 5.9583 5.4296 0.0992 1.9757

17.9 Unknown 3 0.28

17.952 Unknown 4 8.1282 7.1667 3.4977

19.121 Unknown 5 0.7144 0.3164

19.626 Quinic Acid 2.0512 3.0806 0.8395 0.9688

20.435 Fructose 25.9912 33.8537 11.3675 10.1081 0.1232 0.0229

20.715 Fructose Oxime 0.1121 0.0111

20.946 Sorbose 29.8718 31.9452 9.1835 11.0252

21.028 Glucopyranose 9.6381 0.4854 4.8303

21.16 Galactose MP 5.182 28.9924 11.5916 9.5858

21.494 Glucose 19.0655 0.1995 0.017

21.896 Unknown 6 1.3052

22.053 Galactose BP 2.8377 4.4662 1.7755 1.554

22.654 Mannitol 0.8898 0.9011 0.2554 0.3697

23.199 Benzoic Acid 0.1178 0.1482 0.0323 0.0395

23.633 Inositol 0.613 1.0468 0.3163 0.4086

25.574 Glucopyranose, D- 10.7878 12.8549 1.6157 6.76

26.107 D-Gluconic 0.0172

30.583 Myo-Inositol 0.1714 0.2212

35.488 Unknown 7 0.1978 0.3978

36.038 Unknown 8 0.2866 0.1269

36.581 Unknown 9 0.1679 0.174

36.787 Sucrose 10.9248 1.4861 4.1054 1.1313

37.059 Maltose 0.5355 0.1116 0.3887

37.179 Unknown 10 0.2417

37.351 Unknown 11 0.4712

37.422 Unknown 12 0.2079

37.554 Maltose MP 0.4781 0.1852

37.705 Unknown 13 0.5948 0.3192

38.216 Unknown 14 0.3301
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38.493 Cellobiose, D- 1.4028 0.9126 0.2523

38.602 Melibiose MP 3.6165 1.9996 0.2575 0.6867

38.718 Melibiose BP 6.6459 3.0971 0.9637 0.7403

38.999 Gentiobose 0.9698 0.1442 0.1308

39.122 Loganin 0.5264 0.9591 0.251 0.3341

39.272 Unknown 15 0.1387 0.1419 0.2218 0.1087 0.16

40.241 Unknown 16 0.7579 0.1743 0.9252 2.6864 1.7976

40.397 Unknown 17 1.0328 0.1959 0.1523

42.223 Unknown 18 0.5155 0.3196

It was surprising to observe that large amount of glucose and 
sucrose was found only in the aqueous extract of LWDH herbal 
formula while their presences were almost negligible in the 
aqueous extract of LWDH pills and in both methanol extracts. 
These sugars may have originated from an even greater quantity of 
polysaccharides which are undetected by GC-MS due to their large 
molecular weight, but nonetheless exist in the extracts which could 
hence relate to the results determined by the previous two assays. 
There were also 18 detected compounds that were unable to be 
accurately identified, that is the similarity match to the database 
mass spectra fell below 75% and were hence unannotated. 
However, visual analysis of the chromatogram highlighted these 
compounds as having distinct peaks with reproducible retention 
time across majority of the samples and were therefore recorded. 

 AMDIS was used to deconvolute the GC-MS data where the 
overlapping components of the spectra were removed prior to 
identifying with the database. Two databases were used in the 
identification process: NIST02 and Golm Metabolome Database. 
Golm Metabolome Database was used as primary database for 
identification due to its collection of mass spectra of phytochemical 
compounds which were relevant to our study. NIST02 was used as 
a supportive database in cases where AMDIS was able to identify 
features in the chromatogram but was unable to match it to any 
spectra in Golm database. 

Discussion

The formation of emulsion caused by addition of alcoholic 
solvents indicated the presence of proteins, enzymes, 
polysaccharides or other natural products [34]. Emulsion is 
believed to have resulted in aqueous extracts of LWDH pills and 
herbal formula reporting an inhibition level above 100%. This 
is technically impossible as 100% inhibition should indicate 
absolute clearance of the assay radicals. Centrifuging the samples 
at top speed and longer duration can help to reduce the erroneous 
readings, suggesting that compounds causing the emulsion 
can be further precipitated and removed through centrifuging. 
Nevertheless, an observable trend can be seen from both Figures 1 
& 2 where all extracts showed rise in antioxidant activity levels as 
concentrations increase, eventually reaching maximum inhibition 
levels of the assays. 

Given the high levels of antioxidant activity detected in the 
methanol and aqueous extracts of both types of LWDH samples, 
phenolic compounds were speculated to be responsible on the 
inhibition on the radicals in the assays [35]. However, while having 
the lowest IC50 for both assays, methanol extract of LWDH herbal 
formula did not reflect the highest phenolic content. This further 
suggest that other classes of antioxidative compounds were 
present in the extracts. Across the different concentrations of 
extracts, flavonoids represent only a small portion of the phenolic 
contents that were detected, and the data do not correspond to 
the antioxidant activity levels of the extracts – high flavonoid 
content did not correlate to high antioxidant level. While flavonoid 
has been reported to have significant antioxidant effects [36-38], 
the results from the study may suggest that flavonoid did not play 
a significant role as antioxidants. Other compounds may possess 
stronger antioxidant activity.

The aqueous extract of LWDH pills was found to exhibit 
α-amylase inhibition over 100%. In fact, the intensity of the 
absorption was over the limit of the spectrometer and was thus 
unable to provide a meaningful reading. The upper reading limit 
was therefore used as the value for aqueous extract of LWDH pills. 
Nevertheless, this suggested that aqueous LWDH pills extract 
was either able to inhibit the enzymes more than acarbose, or 
there could inherently be starch present in the aqueous extract. 
Observing the starch amount present in the extracts however, 
revealed that the amount of starch detected in aqueous extract 
of LWDH pills exceeded the original amount of starch added to 
the extract at the start of the assay. While approximately 0.400 
mg of starch was added to the extracts, the amount detected in 
the aqueous extract was 0.457 mg. This concluded that there 
were already starch-related compounds present in the extract 
prior to adding starch. Hence, it is necessarily to isolate the starch 
equivalent compound extracted from LWDH pills and herbal 
formula to accurately determine the level of inhibition. Serial 
dilution was made for aqueous and methanol extracts of both 
LWDH pills and LWDH herbal formula as described previously in 
the antioxidant assay. While it was observed that aqueous extract 
of LWDH pills had high starch content relative to LWDH herbal 
formula, the methanol extract of both samples did not exhibit the 
same pattern. The result was inconclusive in terms of the starch 
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content difference between the two samples nor the efficiency 
of the solvents with extracting starch-related compounds. 
Nevertheless, it showed the importance of accounting for the 
inherent starch content when calculating the inhibition level of 
each extract.

It is worth mentioning the discrepancy observed between 
the starch content amount observed in the antidiabetic assay and 
interference of precipitate seen in antioxidant assay. While both 
aqueous extracts of LWDH pills and herbal formula resulted in 
precipitation following the addition of ethanol in antioxidant assay, 
suggesting the presence of polysaccharides, proteins, enzymes 
and natural products, high starch content was only observed in 
the aqueous extract of LWDH pills in the antidiabetic assay. This 
may suggest that the interference recorded in antioxidant assay 
may ultimately be caused by compounds besides polysaccharides, 
which encourages the theory that LWDH pills and herbal formula 
have relatively different chemical profile constituents despite 
similar extraction solvent and herbal ingredients. 

The GC-MS analysis of the samples provided an insight 
into the chemical compositions of LWDH in both pills and 
herbal formulas. The compounds identified will be useful for 
understanding the effects of LWDH, possibly through metabolic 
pathway analysis when administered as treatment for diabetic 
patients. Fundamentally, it will help to explain the results of the 
bioactivities observed in the previous assays by focusing on the 
possible compounds responsible for producing the antioxidant 
or antidiabetic activities. It will also be insightful to compare 
the compounds found in methanol and aqueous extracts of 
LWDH, given that the two extracts exhibited the most significant 
bioactivities. By pinpointing the difference between the aqueous 
and methanol extracts of LWDH pills and herbal formula in terms 
of the chemical compounds present and the relative abundance 
of the compounds, it may be possible to explain the difference in 
bioactivities found in the four extracts. For example, a different 
in the compositions of the compounds in the aqueous and 
methanol extracts of LWDH may reveal the compounds that were 
responsible for the diverging effects in the antidiabetic assay. 

It is undeniable that GC-MS is a useful technique to elucidate 
the chemical compounds present in LWDH. However, it should be 
noted that analysis by GC-MS is limiting, and it will not be able 
to provide a complete global profile of the samples. Compounds 
which can be detected have to be sufficiently volatile and of 
relatively small mass, approximately 800 Dalton. Also, the 
high temperature involved in vaporizing the compounds may 
cause degradation, especially for natural products such as 
phytochemicals, which reduces the accuracy of the detections. 
The long processing time needed for sample preparations may 
also indirectly cause degradation of the compounds. As such, 
it is necessary to complement the results obtained by GC-MS 
analysis with that of LC-MS analysis. LC-MS analysis detects 
larger molecules and does not involve vaporizing the compounds 

prior to detection. This reduces the uncertainty of compound 
degradations. However, LC-MS has lower reproducibility when 
compared to GC-MS. Coupling LC-MS analysis with GC-MS analysis 
will provide a more complete picture of the content in LWDH, both 
pills and herbal formula. Eventually, this allows further results 
to be attributed and explained by comparing it to the identified 
compounds with the associated pathways and reactions.

Conclusion

To our knowledge, the study is the first to investigate and 
compare the efficacy of different solvents on the metabolite 
extraction of LWDH before further characterizing the extracts 
based on their antioxidant activity, anti-diabetic activity, and GC-
MS metabolite profiling. Methanol and aqueous were determined 
to be the most effective solvent for extraction, given by its strong 
antioxidative and anti-diabetic effect, as well as by the high 
number of detected compounds from the metabolomic data. The 
results of the present study have suggested that LWDH, as a TCM 
prescribed treatment for kidney-yin deficient forms of diabetes, 
is antioxidative and anti-diabetic and could hence potentially 
alleviate symptoms of diabetes by lowering enzymatic activities 
that releases glucose and reducing the oxidative stress in the body.
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