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Objective  To establish a quality control method for simultaneous determination of 
multiple components in gamboge. Methods  A single reference standard for the 
determination of multiple components (SSDMC) with HPLC was proposed. Seven major 
components of gamboge including gambogenic acid (S), β-morellic acid (C1), 
2R-30-hydroxygambogic acid (C2), isogambogenic acid (C3), gambogellic acid (C4), 
2R-gambogic acid (C5), and 2S-gambogic acid (C6) were simultaneously analyzed using 
gambogenic acid as reference standard. The credibility and feasibility of SSDMC method 
were validated with respect to linearity, limits of detection and quantification, precision, 
stability, repeatability, accuracy, ruggedness, and robustness. The relative conversion 
factors (RCFs) of S and C1-6 were calculated. Twelve batches of gamboge including 
crude and processed products were successfully analyzed by applying the SSDMC and 
traditional external standard (ES) methods. Results  The SSDMC method was credible
and feasible. The RCFs of S and C1-6 were 1.000, 0.913, 0.864, 1.064, 0.777, 0.921, 
and 0.919, respectively. No significant difference was observed in the contents of the 
seven components between SSDMC and ES methods. The heat-processing technique 
caused a reduction in the seven components. Conclusion  SSDMC is a simple, reliable, 
and effective method for the analysis of the complex multiple components in gamboge, 
and it is also a practical and economical approach. 
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1. Introduction 

 
Gamboge, the resin exuded from the plant Garcinia 

hanburyi Hook. F., is a folk medicine used in India, Thailand, 

Cambodia, and other Southeast Asian countries. Gamboge 
has also been used in traditional Chinese medicine (TCM) 
for hundreds of years under the Chinese name Tenghuang 
(Nanjing University of Traditional Chinese Medicine, 2006). 
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Because of gamboge’s toxicity, which is obvious due to 
stimulation of the gastrointestinal tract which affects the 
duodenum and jejunum edema (Dou et al, 2013), gamboge is 
usually used in external treatments for chronic dermatitis, 
scabies, tinea, hemorrhoids, bedsores, and malignant boils 
(Nanjing University of Traditional Chinese Medicine, 2006; 
Ou et al, 2011). When gamboge is administered orally, it must 
be specially processed. The TCM processing technique can 
reduce the toxicity of TCMs and retain their medicinal 
activities as much as possible (Pharmacopoeia Committee of 
P. R. China, 2015). For gamboge, a heat-processing method 
has been proven to reduce its toxicity (Zhao et al, 2016). 

The bioactive effects of gamboge are highly related to its 
components. Modern chemical and pharmacological studies 
have revealed that the major components of gamboge are 
caged xanthones, of which gambogic acid is the most 
representative. These major components have significant 
antitumor and anticancer (Anantachoke et al, 2012; Zhang et 
al, 2013; Qi et al, 2015), anti-inflammatory and antipsoriatic 
(Wen et al, 2014), anti-HIV (Reutrakul et al, 2007), and 
neurotrophic activities (Jang et al, 2007). Recently, over 40 
different xanthones have been isolated from G. hanburyi 
(Anantachoke et al, 2012; Han et al, 2009). In the past, HPLC 
equipped with ELSD (Yang et al, 1999) or UV (Zhang et al, 
2003; Han et al, 2006; Song et al, 2007; Li et al, 2008a) 
detector and UPLC-MS (Zhou et al, 2008) were established as 
the methods of choice for the analysis of caged xanthones in 
gamboge samples. However, reference standards are needed 
to utilize these methods, but only gambogic and gambogenic 
acids are available for purchase. Due to the lack of reference 
standards, the above methods have not been widely used in 
the quality control of gamboge. Simultaneous determination 
of multiple components is an effective method of controlling 
the quality of herbal medicines (Li et al, 2008b). Therefore, it 
is meaningful to establish a method for simultaneous 
determination of the major components in gamboge and its 
processed products, without the need for authentic reference 
standards for each individual compound. 

We isolated and purified a large quantity of caged 
xanthones from gamboge in the laboratory (Xu et al, 2016). In 
this work, we optimized and established a single reference 
standard for determination of multiple components in TCMs 
abbreviated as the SSDMC method (Hou et al, 2011; Chen et 
al, 2016; Shi et al, 2015) for simultaneous determination of 
seven components in gamboge. Gambogenic acid was used as 
the reference standard, while the other six components included 
β-morellic acid, 2R-30-hydroxygambogic acid, isogambogenic 
acid, gambogellic acid, 2R-gambogic acid, and 2S-gambogic 
acid. The method was validated with respect to linearity, and 
the limits of detection and quantification, precision, stability, 
repeatability, accuracy, ruggedness, and robustness. Twelve 
batches of gamboge including crude and processed products 
were analyzed using the SSDMC method. The contents of 
seven components were compared with those obtained by the 
traditional external standard method. The contents of seven 
components in processed gamboge were also compared with 
that of the crude gamboge. 

2.    Materials and methods 
 
2.1    Materials and reagents 

 
Six batches of gamboge were purchased from different 

herbal markets in China and India, including gamboge (SG) from 
India (SG-1 and SG-2) and Anhui (SG3 and SG4), Shanghai 
(SG5) and Yunnan (SG6) provinces, China. All samples were 
identified by Associate Prof. Yan-feng Xiu (School of Pharmacy, 
Shanghai University of Traditional Chinese Medicine). The 
specimen samples were retained at School of Pharmacy, 
Shanghai University of Traditional Chinese Medicine. 

To investigate the effects of processing techniques on the 
major components in gamboge, water-boiled gamboge was 
prepared. All six batches of gamboge were used to prepare the 
heat-processed gamboge. The water-boiled gamboge (WBG) 
was prepared as follows (Nanjing University of Traditional 
Chinese Medicine, 2006): 50 g of crude gamboge powder was 
boiled in a beaker and then filtered. The filtrate was boiled for 
3 h while stirring constantly and more hot water was added 
midway. Finally, the decoction was concentrated and dried 
below 50 ºC under vacuum. Six batches of crude gamboge 
were processed and marked as WBG1－6.  

Seven standard compounds, gambogenic acid, β-morellic 
acid, 2R-30-hydroxygambogic acid, isogambogenic acid, 
gambogellic acid, 2R-gambogic acid, and 2S-gambogic acid 
were obtained from the Engineering Research Center of 
Shanghai Colleges for TCM New Drug Discovery. The 
structures of compounds (Figure 1) were fully characterized 
by NMR and MS. The purity of the compounds was analyzed 
using the HPLC peak area normalization method and was 
above 97%. Acetonitrile of HPLC grade was purchased from 
Fisher Scientific (USA). The water used for HPLC was 
redistilled. Other chemicals and solvents were of analytical 
grade and purchased from Sinopharm Chemical Reagent Co., 
Ltd. (Shanghai, China). 

 
2.2    Instrumentation 

 
The Agilent 1200 HPLC System, comprised of a 

quaternary solvent delivery system, an online degasser, an 
auto-sampler, a column temperature controller, and a variable 
wavelength detector (VWD), coupled with Agilent 
ChemStation software (Agilent Technologies, USA) was used 
for analysis. Chromatography was performed on a Diamonsil 
C8 column (250 mm × 4.6 mm, 5 µm) and SB−3200D 
ultrasonic bath (Scientz, Ningbo, China) was used for sample 
preparation.  

 
2.3    Reparation of solutions 
 
2.3.1    Reparation of standard solutions 

Stock solutions of standard compounds were prepared 
and stored at −20 ºC. Accurately weighed gambogenic acid 
(S), β-morellic acid (C1), 2R-30-hydroxygambogic acid (C2), 
isogambogenic acid (C3), gambogellic acid (C4), 2R- 
gambogic acid (C5), and 2S-gambogic acid (C6) were dissolved 
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Figure 1  Chemical structures of seven reference standards and their UV spectra 

 
in a 10 mL amber volumetric flask and diluted to the desired 
volume with methanol. The concentrations of S and C1-6 
were 2.904, 1.887, 2.334, 1.998, 1.423, 7.096, and 6.868 
mg/mL, respectively. Gambogic acid was stored in methanol 
at room temperature for a week, and underwent derivation (Han 
et al, 2005), thus, the stock solutions were stored at −20 ºC. 

 
2.3.2    Sample solutions   

An accurately weighed sample (approximately 0.1 g) of 
gamboge powder filtered through an 80 micron mesh was 
transferred to a conical flask fitted with a plug. The powder was 
extracted ultrasonically with methanol (20 mL) for 20 min, and 
then filtered. The residue was washed again with methanol and 
then all the filtrates were combined. The solution was diluted 
with methanol to 25 mL, filtered through a 0.45 µm nylon 
membrane filter and stored at 4 oC for further use. 
 
2.4    Hromatographic conditions   

 
The mobile phase was a mixture of acetonitrile (mobile 

phase A) and water containing 0.1% glacial acetic acid 
(mobile phase B). The elution gradient was as follows: 0–20 
min, 70% A; 20–50 min, 70%–80% A; 50–60 min, 80% A. 
The flow rate was 1.0 mL/min and the column temperature 
was 30 ºC. The injection volume was 10 µL, and the detection 
wavelength was 360 nm (see Figure 1 for UV spectra of the 
seven reference standards).  

2.5    Calculation of relative conversion factor and 
relative retention time     

 
Methanol stock solutions containing seven standard 

compounds: S and C1−C6 were prepared and diluted to 
appropriate concentrations ranges for the construction of 
calibration curves. Each calibration curve was performed in 
triplicate with seven concentration levels. The calibration 
curves of all compounds were constructed by plotting the 
peak area versus the concentrations of each standard 
compound. The relative conversion factor (RCF) was 
calculated based on the linearity data and the following 
equations: 

RCFxi = (Asi / Csi) / (Axi / Cxi)  (i = 1 – N)     (1) 
RCFx = (Σ RCFxi) / N                     (2) 
Where Asi and Axi represent the peak areas of gambogenic acid (S) 

and other standard compounds (X) at the concentration level i, 
respectively. Csi and Cxi are the concentrations of the standard 
gambogenic acid (S) and other standard compounds (X) at the 
concentration level i, respectively. N is the number of linearity data 
points, which was 7 in this work. 

To identify the peaks with a single reference standard 
in the chromatogram, the relative retention time (RRT) was 
calculated. The RRT of the reference standard X (RRTx) was 
calculated as the ratio of the retention time of the other 
standard compounds X (RTx) and gambogenic acid (S) (RTs): 

RRTx = RTx / RTs 
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2.6    Ruggedness and robustness of RCF and RRT 
 

Different equipment and columns were tested to validate 
the ruggedness of RCF and RRT. Three columns (250 mm × 
4.6 mm, 5 µm) and two chromatographic instruments were 
chosen for this experiment. Columns included Diamonsil C8, 
Silversil C8 (Dikma Technologies, China), and Ultimate 
XB-C8 (Welch Materials, Inc., China), and the two HPLC- 
systems were Agilent 1200 and Waters e2695. The RCF and 
RRT were calculated using those columns and instruments. 
The robustness test was performed to examine the effects of 
operational factors, such as different analysts, concentration 
of glacial acetic acid (0.1% ± 0.01%), UV detection 
wavelength (360 ± 2 nm), time program of the mobile phase 
(20 ± 5/50 ± 5/60 ± 5 min), flow rate (1.0 ± 0.1 mL/min), and 
column temperature (30 ± 5 ºC).  

 
2.7    Validation of analytical method   

 
Gambogenic acid, used as the external reference 

standard, exhibited good separation from the other 
components in the chromatogram. The SSDMC method was 
validated with respect to linearity, limits of detection and 
quantification, precision (intra- and inter-day variability), 
stability, repeatability, accuracy, ruggedness, and robustness. 
The results of the precision and accuracy analyses calculated 
for the new method were statistically compared with the 
results calculated using the traditional external standard 
method using the paired t-test. 

 
3.    Results and discussion 
 
3.1    Calculation of RCF and RRT 

 
Selection of the reference standard is a notable factor for 

SSDMC method (Yang et al, 2015). According to the four 
requirements defined earlier (Hou et al, 2011), the single 
reference standard used in SSDMC should be abundant in the 
sample, stable, easily accessible and have a maximum UV 
absorption at the detection wavelength. Thus, gambogenic 
acid was selected from the components in gamboge. This acid 
was tested as the reference standard in the calculation of RCF 
of the other six components. The RCFs were calculated as 
described in section 2.5 and the results were shown in Table 1. 
The RCFs of C1−6 were 0.913, 0.864, 1.064, 0.777, 0.921, 

and 0.919, respectively.  
The calculation of RRT was shown in Table 1. The RSD 

values of RRTs (< 0.20%) suggested that the RRTs obtained 
on the same instrument were highly reproducible. The peaks 
without the standards could be identified according to the 
RRTx of the components. 

 
3.2    Validation of SSDMC method 
 
3.2.1    Linearity, limits of detection, and quantification 

Figure 2 showed that the seven peaks in the 
chromatogram of gamboge could all be identified with the 
corresponding standards. Seven different concentration levels 
of mixed standard solutions were injected for HPLC analysis. 
The calibration curves of seven reference standards were 
plotted as the peak area versus concentration. As shown in 
Table 1, the results exhibited good linearity (r2≥ 0.9993) 
within the test range. The linearity requirement was met when 
analyzing the samples in the test ranges for S and C1−6. The 
limits of detection (LODs) and limits of quantification (LOQs) 
were calculated as the signal-to-noise ratios (S/N) of 3 and 10 
for the individual compound (Table 1). The LODs and LOQs 
of seven standard compounds at the detection wavelength 
(360 nm) were in the ranges of 0.61−1.78 µg/mL and 
1.73−4.02 µg/mL, respectively. 

 
3.2.2    Precision and stability 

Method precision was determined by comparing the 
intra- and inter-day variability, as shown in Table 2. 
Variations in the peak area (A) and retention time (RT) were 
examined. To calculate the RSD%, mixed standard solutions 
with a 10 μL injection volume were analyzed in six replicates 
in one day or in triplicate for three consecutive days. The 
results indicated that the relative standard deviations (RSDs) 
of A and RT were less than 0.70% and 0.31% for intra-day 
and 1.60% and 0.33% for inter-day variability, respectively. 

The stability of the crude gamboge sample solution, SG1, 
was analyzed by measuring the peak area (A) and retention 
time (RT) after storage for 0, 2, 4, 6, 8, 12, 16, and 24 h. A 
and RT of seven components were analyzed and the RSD 
percentage was calculated, as shown in Table 2. The results of 
stability evaluation indicated that the sample solution was 
stable within a 24 h period after preparation and that the 
RSDs of A and RT were 0.61%−3.24% and 0.53%−1.13%, 
respectively.  

Table 1  Results of linearity, LOD, LOQ, RCF, and RRT studies 

RCF RRT 
Standards Linearity equationsa r2 Ranges / (µg·mL−1) LOD / (µg·mL−1) LOQ / (µg·mL−1)

RCF RSD / % RRT RSD / %
S y = 13.59x + 14.04 1.0000 25.05 − 501.00 0.64 1.94 1.000 0.00 1.000 0.00 
C1 y = 15.07x − 8.71 0.9993 12.06 − 241.20 0.61 1.73 0.913 1.86 0.601 0.19 
C2 y = 15.73x − 4.10 1.0000 2.60 − 52.00 0.78 2.58 0.864 2.19 0.719 0.11 
C3 y = 13.02x − 2.78 1.0000 5.25 − 105.00 0.86 2.68 1.064 2.11 0.851 0.08 
C4 y = 18.10x − 18.77 0.9994 3.45 − 69.00 1.78 2.56 0.777 3.95 1.149 0.08 
C5 y = 14.86x + 7.20 1.0000 69.50 − 1390.00 1.61 4.02 0.921 0.68 1.361 0.11 
C6 y = 14.94x − 8.50 1.0000 67.50 − 1350.00 1.61 4.02 0.919 1.04 1.421 0.11 

ay was peak area of standard compound; x was concentration of standard compound. 
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Figure 2  HPLC of seven mixed reference standards and samples 

A: mixed reference standards; B: crude gamboge (SG); C: water-boiled gamboge (WBG); S: gambogenic acid; C1: β-morellic acid;  
C2: 2R-30-hydroxygambogic acid; C3: isogambogenic acid; C4: gambogellic acid; C5: 2R-gambogic acid; C6: 2S-gambogic acid  

Table 2  Results of precision and stability tests 

Precision RSD / % 

Intra -day Inter -day 
Stability RSD / % 

Standards 

A RT A RT A RT 

S 0.68 0.22 1.24 0.29 1.67 0.53 
C1 0.47 0.31 0.99 0.26 0.61 0.87 
C2 0.51 0.27 0.99 0.29 1.57 0.96 
C3 0.70 0.27 1.21 0.33 3.24 0.94 
C4 0.68 0.24 1.60 0.18 3.10 1.13 
C5 0.57 0.21 1.01 0.16 0.98 1.01 
C6 0.46 0.21 0.95 0.16 0.99 1.04 

 
3.2.3    Repeatability and accuracy 

Six independent analytical sample solutions from 
gamboge SG1 were prepared as described in section 2.3.2. 
They were analyzed under chromatographic conditions 
defined in section 2.4. The contents and RSDs of seven 
components were obtained using two methods: SSDMC and 
external standard (ES) methods. The P values were calculated 
using paired t-test between the results of two methods. 
Reproducible results were shown in Table 3. The RSDs of the 
results calculated using SSDMC method, in comparison with 
ES method, were in the ranges of 0.71% to 2.66% and 0.72% 
to 2.76%, respectively, which demonstrated that the methods 
were reproducible. The results were consentaneous and 
without statistically significant differences between the two 

methods. The results obtained from the two methods showed 
no remarkable differences using t-test analysis (P > 0.05). 

The recovery test was performed in order to evaluate the 
method accuracy. The mixed standards solution was added to 
a certain amount of SG1 samples and extracted as described 
in section 2.3.2. The recovery of each compound was 
calculated using the equation: recovery (%) = (observed 
amount – original amount) / spiked amount. The results 
calculated using the SSDMC and ES methods are listed in 
Table 3. The recoveries of target components all fell in the 
range of 95% to 105% with the RSDs less than 3%, except for 
the RSD of C1 (3.26%). The results obtained from the two 
methods showed no significant differences using t-test 
analysis (P > 0.05). 

Table 3  Results of repeatability and recovery tests 

Repeatability Accuracy  
SSDMC method ES method SSDMC method ES method Standards 

g / 100 g RSD% g / 100 g RSD%
P 

Recovery / % RSD / % Recovery / % RSD / %
P 

S 8.77 1.69 8.77 1.69 1.00 102.79 1.47 102.79 1.47 1.00 
C1 3.49 1.97 3.52 2.01 0.49 101.54 3.26 99.80 3.26 0.38 
C2 0.49 2.22 0.49 2.30 0.81 100.80 2.00 100.58 1.89 0.85 
C3 1.14 0.71 1.15 0.72 0.50 105.13 1.71 103.97 1.65 0.28 
C4 1.04 2.66 1.05 2.76 0.71 102.17 2.90 101.48 2.69 0.69 
C5 18.05 1.62 17.99 1.64 0.76 102.75 1.18 102.68 1.17 0.93 
C6 14.31 1.64 14.28 1.68 0.82 102.19 0.62 102.25 0.60 0.87 

0         10         20         30         40        50          60        70 
t / min 

C1 C2
C3  S

C4
C5 C6

A

B 

C 
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3.2.4    Ruggedness and robustness of RCF and RRT 
In order to introduce the SSDMC method to different 

laboratories, the ruggedness and robustness of RCF was 
further examined. Two different types of chromatographic 
instruments, three columns, and other operational factors were 
varied in order to compare the variations in RCF and RRT, as 
described in section 2.6. The results of these analyses are 
listed in Table 4. These experiments demonstrated that the 
values of RCF and RRT obtained using different equipment 
or columns were remarkably similar. The RSD values of 

RCFs and RRTs were all less than 2.72% and 2.94%, 
respectively, and demonstrated that modern HPLC 
instruments and columns could generally meet the analytical 
requirements. As far as the other operational factors were 
concerned, different analysts, concentration of glacial acetic 
acid (0.1% ± 0.01%), UV detection wavelength (360 ± 2 nm), 
time program of the mobile phase (20 ± 5/50 ± 5/60 ± 5 min), 
flow rate (1.0 ± 0.1 mL/min) and column temperature (30 ± 5 
ºC) did not exert a significant influence on the RCFs and 
RRTs of the seven compounds.  

Table 4  Ruggedness and robustness of RCF and RRT 

RCFs RRTs 
Factors 

C1 C2 C3 C4 C5 C6 C1 C2 C3 C4 C5 C6
Diamonsil C8 0.91 0.86 1.06 0.78 0.92 0.92 0.60 0.72 0.85 1.15 1.36 1.42
Ultimate XB-C8 0.91 0.85 1.04 0.78 0.93 0.94 0.62 0.74 0.85 1.19 1.43 1.50Agilent 1200 
Silversil C8 0.92 0.86 1.04 0.80 0.94 0.95 0.60 0.71 0.85 1.16 1.38 1.45
Diamonsil C8 0.92 0.88 1.07 0.84 0.91 0.91 0.60 0.72 0.85 1.13 1.35 1.41
Ultimate XB-C8 0.90 0.86 1.04 0.79 0.91 0.92 0.61 0.74 0.85 1.20 1.42 1.51Waters e2695 
Silversil C8 0.91 0.87 1.06 0.81 0.92 0.93 0.60 0.72 0.85 1.16 1.40 1.47

RSD / % 0.94 1.44 1.42 2.72 1.31 1.60 1.46 1.72 0.40 2.28 2.53 2.94

analyst 1 0.89 0.81 1.02 0.80 0.89 0.90 0.61 0.71 0.84 1.12 1.33 1.40
analyst 2 0.91 0.86 1.06 0.78 0.92 0.92 0.60 0.72 0.85 1.15 1.36 1.42Different analysts 
analyst 3 0.90 0.84 1.05 0.82 0.91 0.91 0.61 0.73 0.86 1.14 1.34 1.40

Concentration of glacial  0.09% 0.90 0.84 1.05 0.82 0.90 0.90 0.61 0.73 0.86 1.14 1.34 1.40
acetic acid (± 0.01%) 0.10% 0.91 0.86 1.06 0.78 0.92 0.92 0.60 0.72 0.85 1.15 1.36 1.42

 0.11% 0.90 0.84 1.05 0.82 0.91 0.91 0.61 0.73 0.86 1.14 1.34 1.40
358 nm 0.91 0.85 1.05 0.80 0.92 0.93 0.59 0.71 0.84 1.14 1.35 1.41
360 nm 0.91 0.86 1.06 0.78 0.92 0.92 0.60 0.72 0.85 1.15 1.36 1.42Detection wavelength(± 2 nm) 
362 nm 0.90 0.84 1.04 0.81 0.92 0.91 0.60 0.72 0.85 1.14 1.36 1.41

Time program of mobile  15/45/55 min 0.91 0.85 1.05 0.75 0.92 0.93 0.64 0.75 0.87 1.14 1.32 1.38
phase (± 5 min) 20/50/60 min 0.91 0.86 1.06 0.78 0.92 0.92 0.60 0.72 0.85 1.15 1.36 1.42

 25/55/65 min 0.91 0.85 1.05 0.82 0.92 0.93 0.58 0.70 0.84 1.15 1.37 1.43
0.9 mL/min 0.91 0.84 1.05 0.75 0.91 0.92 0.62 0.74 0.86 1.14 1.33 1.39
1.0 mL/min 0.91 0.86 1.06 0.78 0.92 0.92 0.60 0.72 0.85 1.15 1.36 1.42Flow rate (± 0.1 mL/min) 
1.1 mL/min 0.91 0.84 1.05 0.81 0.92 0.92 0.59 0.71 0.85 1.15 1.37 1.43

Column temperature 25 oC 0.90 0.83 1.05 0.76 0.90 0.91 0.61 0.72 0.86 1.15 1.35 1.41
 (± 5 oC) 30 oC 0.91 0.86 1.06 0.78 0.92 0.92 0.60 0.72 0.85 1.15 1.36 1.42
 35 oC 0.90 0.83 1.05 0.82 0.91 0.91 0.61 0.73 0.86 1.13 1.34 1.39

RSD / % 0.77 1.84 1.07 2.98 0.94 0.79 2.16 1.64 0.88 0.64 0.98 0.99
 
3.3    Application to gamboge samples 

 
Seven components were analyzed in six batches of 

gamboge from different habitats, as well as their processed 
products, using the validated SSDMC and traditional ES 
method. The typical chromatograms of the two groups of 
samples are shown in Figure 2. The number of observed 
peaks was not significantly different between the crude 
gamboge and its processed product. The quantitative results 
were summarized in Table 5. It was evident from Table 5 that 
the contents of S and C1−C6 were in the ranges of 
8.56−13.19, 2.08−3.88, 0.49−0.87, 1.07−1.71, 0.47−1.24, 
17.83−24.14, and 12.75−18.86 g/100 g, respectively, and that 
C5 and C6 (gambogic acid) were the main components in 
gamboge. The contents of seven components in different 
gamboge samples obtained by SSDMC method were 

consistent with that determined by the traditional ES method. 
Due to the difficulties and expenses associated with the 
preparation of all standard compounds, the application of the 
traditional external reference method was limited. Because 
the SSDMC method only required a minimum number of 
standard compounds and the content of components could be 
obtained directly using multiple conversion factors, it was an 
economically and environmentally friendly method for the 
simultaneous determination of multiple components. 
Therefore, it was worthwhile to establish SSDMC method 
and obtain the relative conversion factor values.  

The contents of analyzed components showed a 
decreasing tendency after processing, as shown in Table 5. To 
compare the statistical significance between the processed and 
crude gamboge, the relative content was calculated and shown 
in Figure 3. The relative content of each component in processed 
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Table 5  Contents of seven components in samples analyzed using SSDMC and ES methods (g/100 g) 

S C1 C2 C3 C4 C5 C6 
Samples 

ES ES SSDMC ES SSDMC ES SSDMC ES SSDMC ES SSDMC ES SSDMC
SG1 8.83 3.52 3.55 0.49 0.49 1.17 1.17 1.07 1.08 18.05 18.05 14.32 14.28 
SG2 11.04 2.84 2.84 0.59 0.59 1.38 1.38 0.47 0.45 19.26 19.24 15.20 15.14 
SG3 8.56 3.72 3.76 0.54 0.54 1.11 1.11 1.20 1.22 18.31 18.33 14.67 14.64 
SG4 8.66 3.76 3.80 0.52 0.52 1.07 1.06 1.24 1.25 18.47 18.48 14.82 14.79 
SG5 13.19 3.88 3.90 0.78 0.79 1.71 1.72 1.07 1.07 24.14 24.14 18.87 18.86 
SG6 9.22 2.08 2.06 0.87 0.88 1.46 1.47 0.73 0.73 17.83 17.83 12.75 12.68 

WBG1 7.47 3.03 3.04 0.36 0.36 1.01 1.01 0.92 0.92 15.33 15.32 12.18 12.12 
WBG2 8.07 2.54 2.54 0.46 0.46 1.07 1.07 0.41 0.39 14.89 14.87 12.23 12.16 
WBG3 7.08 2.82 2.83 0.39 0.38 0.93 0.93 0.95 0.95 14.93 14.93 12.35 12.31 
WBG4 6.09 2.51 2.52 0.43 0.43 0.93 0.93 1.02 1.03 15.77 15.82 12.66 12.64 
WBG5 9.16 3.16 3.18 0.57 0.57 1.25 1.25 0.95 0.96 19.09 19.10 15.14 15.11 
WBG6 7.10 1.64 1.61 0.71 0.71 1.06 1.06 0.52 0.51 15.00 15.00 11.21 11.14 

 

 

Figure 3  Relative contents of seven components in processed 
gamboge (WBG) and crude gamboge (SG) 

gamboge (WBG) was equal to the ratio of each component 
and the other corresponding component in crude gamboge 
(SG). In Figure 3, compared with SG, the relative content of 
all seven components in WBG was markedly reduced, and 
this reduction was a statistically significant difference (P < 
0.01). The result was compared for the two samples using a 
t-test based on the relative content of C1−C6 in gamboge. It 
was concluded that the heat-processing method could cause a 
reduction in the major components of gamboge.  
 
4. Conclusion 

 
In this work, the single reference standard for multiple 

components (SSDMC) determination method was used to 
determine the components of gamboge and the RCFs of 
gambogenic acid, β-morellic acid, 2R-30-hydroxygambogic 
acid, isogambogenic acid, gambogellic acid, 2R-gambogic 
acid, and 2S-gambogic acid were obtained as 1.000, 0.913, 
0.864, 1.064, 0.777, 0.921, and 0.919, respectively. The RCFs 
can be used to determine the contents of seven components in 
gamboge without all standard reference compounds except 
gambogenic acid. The method was validated and presented a 
significant advance in the quality control of gamboge, which 
made multiple component analysis method more practical and 
easier to use. 

The processed products were successfully analyzed and 

the results were compared with crude gamboge. The contents 
of seven components in gamboge were reduced after 
processing. This study focused on the major components in 
gamboge and its products, since it has been proven that the 
toxicity decreased after processing. Whether the studied 
components are related to the toxicity of gamboge remains to 
be investigated further.  
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