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Abstract. The aim of the study was to investigate the anti-
tumoral activity of morelloflavone substances with different 
structures. We also studied the possible link between 
morelloflavone structure and its function. Various types of 
chromatographic techniques were used to isolate and screen 
morelloflavone substances from the extracts of gambogic 
tree trunk and the morelloflavone structures were identified 
by analytical techniques such as high resolution mass �����spec-
trometry and nuclear magnetism. Anti-tumoral activities of 
different compounds were investigated and the link between 
the antitumor activity and the structure of compound was 
exaimed. Our results showed that the isolated morelloflavone 
substances demonstrated a certain level of antitumor activity. 
The compound no.  1 had the strongest effect to inhibit 
glioma U87 and C6 cells followed by compound no. 2 while 
compound no. 5 was the weakest among them. We conducted 
a preliminary analysis on the structure-function relationship 
through the structure comparison and we concluded that the 
antitumor effects of morelloflavone substances with different 
structures were significantly different from each other. Thus, 
the glucose chain in C4 position of biflavone structure can 
enhance the antitumor activity of the compound in glioma 
cells. Additionally, the formation of intramolecular hydrogen 
bonds in biflavone compounds may also play a role in 
enhancing the antitumor activity and inhibition rate.

Introduction

Glioma originates from nerve epithelium-derived cells (1), 
accounting for 44.6% of the central nervous system tumors. 
It is the most common malignant tumor in the central nervous 

system with a high incidence and high mortality rate  (2). 
Despite several achievements in cancer therapy in recent years, 
no effective treatment for glioma has been found. Currently, 
surgery-based comprehensive treatment is the treatment 
of choice for glioma, but the prognosis of comprehensive 
treatment remains poor. Nevertheless, this treatment can 
improve the recovery rate of glioma to a certain extent with 
5-year survival rate of <5% (3,4). Therefore, there is a huge 
interest in developing a new means of treatment for brain 
glioma. The application of traditional Chinese medicine for 
treating the malignant tumors has a long history in China, 
but traditional Chinese medicine has failed to be recognized 
in the medical field due to the complexity of Chinese herbal 
medicinal ingredients and unclear antitumor mechanism. 
Thus, there are several restrictions in conducting clinical 
trials for traditional Chinese remedies (5,6). In recent years, 
several studies have been conducted on the adverse side effects 
associated with semi-synthetic and synthetic chemotherapy 
drugs used for treatment of tumors. As a result, there is interest 
in research on the natural antitumor compounds extracted from 
Chinese medicines. The Garcinia plants are known for their 
therapeutic effects and there is great interest in the medical 
effects of Garcinia. There are studies on using Garcinia for 
its anti-HIV, antibiosis, antioxidation, anti-inflammation, 
anti-malarial, insecticide and antitumor activities  (7-10). 
Morelloflavone substances in the Garcinia plant have been 
shown to have broad-spectrum antitumor effects, although 
their action mechanism remains to be determined (11).

We extracted various plant substances from Garcinia plants 
and then screened the flavonoid substances using LC-MS. 
The specific structure of these compounds was analyzed 
using nuclear magnetic resonance and the effects of different 
compounds on glioma U87 cells and rat glioma C6 cells were 
investigated. We also analyzed the relationship between the 
structure of compounds and their anti-glioma effects. This 
study provides a theoretical reference for further research on 
anti-glioma agents.

Materials and methods

Experimental materials. The materials used for the present 
study were: Ethyl alcohol, methyl alcohol (chromatographic 
grade; Sinopharm Chemical Ltd., Shanghai, China); ultra-pure 
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water (Milli-Q); gambogic tree trunk; deuterated methanol, 
dimethyl sulfoxide (DMSO); and human glioma U87 and rat 
glioma C6 cells (ATCC).

Experimental method
Extraction of active substances of gambogic tree trunk. 
Gambogic tree trunk extract (50.00 g) was broken into pieces 
and 70% of ethyl alcohol was added. It was transferred to a 
water bath (80˚C) for 8 h, and the leaching liquid was collected 
and the supernatant after the leaching liquid was centrifuged 
at 2,000 x g for 15 min and filtrated. A rotary evaporator was 
used to remove the solvent for freeze-drying, and it was stored 
at -20˚C.

Chromatographic separation of gambogic leaching liquid. 
Based on Waters preparative high performance liquid chroma-
tography (Pre-HPLC), the XBridge C18 (5 µm, 21.2x250 mm) 
chromatographic column (Waters, Milford, MA, USA) was 
used to isolate the gambogic leaching liquid. Conditions 
for chromatography were as follows: Column temperature 
was 40˚C; flow velocity was 4 ml/min; mobile A phase was 
methyl alcohol, mobile B phase was 0.1% formic acid aqueous 
solution, pH 5.0; time 0 min, A (40%), B (60%); 3 min, A (40%), 
B (60%); 25 min, A (40%), B (60%); 27 min, A (100%), B (0%); 
37 min, A (40%), B (60%); and 45 min, A (40%), B (60%). 
The effluent components were collected according to the chro-
matographic peak and C18 solid phase extraction column was 
used to desalt each component. Components were freeze-dried 
by degreasing solvent and stored at -20˚C.

Screening the biflavone substances. High resolution mass 
spectrometry (HRMS TOF; Waters, Milford, MA, USA) was 
employed to identify the collected components. Each component 
was dissolved in the methyl alcohol by connecting the HRMS to 
the ultra‑performance liquid chromatography (UPLC; Waters). 
Waters BEH C18 (1.7 µm, 2x150 mm) chromatographic column 
was used for injecting samples directly and each component 
was identified with HRMS (MassLynx 4.1 analysis method) 
and by consulting literature and comparing CAS database.

Structure identification. The biflavone substances were 
prepared again to make the quantity of biflavone substances 
to reach the concentration necessary for nuclear magnetic 
resonance. Magnetic resonance spectroscopy (NMR; Bruker 
ARX 400; Karlsruhe, Germany) was used to confirm and 
analyze their structure. The sample solvent of nuclear magnetic 
resonance was CD3OD and the internal sample standard was 
TMS. Data acquired were analyzed by MestreNova 4.1 (San 
Diego, CA, USA).

Inhibition rate of U87 cells of biflavone substances by MTT 
detection. The biflavone substances with different structures 
were dissolved in DMSO, and the compound concentration 
was 0, 10, 20, 40 and 80 µmol/l. The sample of 0 µmol/l 
was taken as the blank control. The specific experimental 
operation methods were similar to those reported by 
Vandamme et al (12).

The calculation method for obtaining the inhibition rate 
was: IR inhibition rate (%) = (1 - OD value of experimental 
port/OD value of blank control port) x 100%. The mean of 

the inhibition rate was the end value and the inhibition rate of 
blank control port was 0 according to the calculation.

Preparation of glioma animal model. To prepare rat glioma 
cell  C6 xenograft tumor model we followed the method 
reported by Li et al (13) with a slight modification. Approval for 
the animal experiments was received from The First Affiliated 
Hospital of Liaoning Medical University (Liaoning, China).

Statistical analysis. SPSS 18.0 statistical software (Chicago, 
IL, USA) was used to conduct statistical analysis. The 
mean ± standard deviation (SD) was used to record the inde-
pendent experimental data and the comparison among various 
groups was analyzed using one-way ANOVA. Inter-group 
comparisons were tested by t-test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Pre-HPLC isolation of gambogic extraction solution. 
The ethanol water solution was used to extract the active 
ingredients from the gambogic tree trunk. Due to the fact 
that flavonoids contain benzene and pyranoid rings in their 
structure we used 275 nm wavelength to detect the ultraviolet 
absorption band. To ensure rapid isolation of flavonoids, the 
gradient elution method was used. The gradient of methanol 
started from 40% and gradually increased to 100% in order to 
elute all components. Results for final chromatographic sepa-
ration are presented in Fig. 1. The chromatogram showed that 
the separation degree between the chromatographic peaks was 
improved. Components were eluted from chromatographic 
column and collected according to the chromatographic 
peaks (18 components in total). Due to the presence of formic 
acid in the mobile phase, collected components were desali-
nated and purified, and C18 solid phase extraction column was 
used to absorb active components. Ultra-pure water was then 
used to elute salts and impurities and finally the methanol was 
used to elute active substances from the solid phase extraction 
column. Active substances were freeze-dried after the solvent 
was removed and then stored at -20˚C.

Screening of biflavone substances. We used HRMS to 
analyze the structure of biflavones. Due to the fact that all 
18 components mentioned in the present study were isolated 
and purified by liquid chromatography, the direct injection 
technique was used for HRMS. Components structures were 
determined according to the accurate molecular mass and ion 
fragments information, and finally the biflavone substances 

Figure 1. Chromatographic separation of gambogic extraction solution.
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were determined by comparing our data with those available 
in the literature  (14,15) and CAS database. Five biflavone 
substances were finally selected (Table I).

Although HRMS is a fast and effective method to 
determine the molecular structure of different compounds, 
structure of biflavones cannot be completely determined 
just by mass spectrometry. In order to determine the specific 
structure and position of each functional group they should be 
analyzed by nuclear magnetic resonance. Therefore, we used 
a relatively HRMS and prepared large quantities of samples 
to for nuclear magnetic resonance.

Structure determination of biflavone substances by nuclear 
magnetic resonance. Five biflavone substances were dissolved 
in CD3OD and 1H and 13C spectrum was then analyzed by 
nuclear magnetic resonance and the specific structures of 
these compounds were determined by comparing them with 
literature (16-18) and spectrum database (Fig. 2). After deter-
mination of the biflavone molecular structures, we investigated 
the inhibition effects of these substances on glioma and then 
analyzed the possible relationship between the structure and 
the function.

Inhibition effect on U87  cells. Different concentrations 
of each biflavone substance were added to cells and after 
24  h the inhibition rate on glioma U87  cells was deter-
mined (Table II). Our results showed that the five biflavone 
substances demonstrated some inhibitory activities on U87 

glioma cells. The inhibition rate of compound no. 1 was the 
highest followed by compound no. 2. The inhibition rate of 
compound no. 3 had no significant difference from that of 
compound no. 4, while the inhibition rate of compound no. 5 
was the lowest.

Inhibition of five biflavone substances on cell C6. To verify 
the inhibition activity of biflavone substances on xenograft 
tumor cells, the axillary xenograft tumor model of rat glioma 
C6 cells was used. Rats were injected with 1  mg/kg of 
cisplatin and 800 µg/kg of biflavone on the seventh day after 
the inoculation of glioma C6 cells. The results are presented 
in Table III.

Table I. HRMS information of biflavone substances.

		  Measured	 Actual
	 Retention	 molecular	 molecular	 Molecular	 Error m/z
Substancesa	 time	 mass	 mass	 formula	 (ppm)	 Molecular fragment

1	 17.8	 751.1505	 751.1510	 C36H31O18	 -0.7	 151.0031, 285.0392, 435.0708, 437.0866, 445.0556
2	 18.6	 735.1564	 735.1561	 C36H31O17	 +0.4	 125.0237, 269.0448, 403.0818, 429.0609, 447.0717
3	 24.6	 589.0972	 589.0982	 C30H22O13	 -1.7	 125.0237, 151.0028, 285.0393, 435.0713, 463.0660
4	 26.6	 573.1043	 573.1033	 C30H22O12	 +1.7	 125.0237, 296.0313, 419.0761, 447.0711
5	 32.7	 557.1084	 557.1083	 C30H22O11	 +0.1	 125.2038, 269.0443, 296.0317, 403.0813, 431.0764

aCorresponding to the structure of number of substances as shown in Fig. 2. HRMS, high resolution mass spectrometry.

Figure 2. Structure information of biflavone substances.

Table II. Proliferation inhibition effect of biflavone substances on glioma U87 cell (%, mean ± SD).

Concentration
(µmol/l)	 Compound 1	 Compound 2	 Compound 3	 Compound 4	 Compound 5

 0	 0.13±0.11	 0.14±0.09	 0.08±0.12	 0.11±0.10	 0.09±0.15
10	 12.24±0.24	 14.10±0.55	 6.75±0.41	 6.12±0.33	 2.23±0.54
20	 19.78±0.28	 17.64±0.86	 8.17±0.96	 8.43±0.35	 1.85±0.21
40	 25.66±0.68	 32.73±0.94	 12.31±0.68	 11.92±0.68	 4.31±0.35
80	 55.64±0.65a	 49.82±0.91a,b	 21.17±0.84a-c	 22.78±0.75a-c	 9.87±0.66a-d

a-dAs for the comparison on single factor inter-class variance, the same letters (P>0.05), indicate that there is no significant difference; the 
different letters (P<0.05), indicate that there is a significant difference. 
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Our results showed that the inhibition activity of biflavone 
substances on glioma C6 cells was similar to the inhibition 
effect in the case of U87 cells. Compound no. 1 was the most 
potent compound among the five. Compound no. 2 was the 
second and compound no. 3 had no significant difference 
compared to compound no. 4. The inhibition rate of compound 
no. 5 was the lowest.

Discussion

Glioma is one of the most common malignant tumors 
occurring in the central nervous system, and the incidence 
of glioma accounts for 50-60% of brain tumors  (19,20). 
Although surgery remains the method of choice for treating 
malignant glioma, the efficacy of surgery has not greatly 
improved in recent years. Thus, the trial of drug therapy or 
assisted surgery therapy has a certain practical significance 
and broad applications. There are studies on adverse effects 
associated with synthetic and semi-synthetic drugs used in 
chemotherapy, therefore people are gradually paying more 
attention to the research on natural antitumor compounds 
extracted from traditional Chinese medicine. As type of 
traditional Chinese medicine, the Garcinia has various types 
of medical effects and the biflavone substances that the 
carcinia contains have broad‑spectrum antitumor effects, but 
the action mechanism of the these biflavone substances are 
still unclear.

Our results showed that the inhibition effects of biflavone 
substances on glioma U87 and C6 cells were alike. The inhibi-
tion effect of compound no. 1 was the strongest followed by 
compound no. 2 whose inhibition effect was significantly 
greater than that of compounds nos. 3-5. From studying the 
structure of all five compounds we detected the presence of 
a glucose chain in the structure of compound nos. 1 and 2. 
The preliminary structure-function relationship showed that 
the circumscribed glucose chain in the biflavone compounds 
could enhance the inhibition effect. It is possible that the 
glucose chain was responsible for these  adverse effect on the 
cell DNA (21).

Compound no.  5, had R1=R2=H, while compounds 
nos. 1-4 R1=R2=hydroxyl group. It was hypothesized that 
the reduction of hydroxyl group in biflavone substances may 

reduce their inhibition effects. Additionally, the inhibition 
activity of compound no. 2 was significantly lower than that of 
compound no. 1. The existence of hydroxyl group can stimu-
late the formation of external as well as internal hydrogen 
bonds within and between molecules and indirectly enhance 
the interaction between molecules and improved the inhibition 
rate on glioma.

In future, more biflavone substances will be isolated and 
screened from different parts of Garcinia plants and their 
anti‑tumoral activity will be verified. This may lay a more 
solid foundation for the further verification and exploration of 
the possible link between biflavone structure and its function.
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