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ABSTRACT: Indonesian honey contains active compounds that have the potential as antioxidant and anticancer, 
especially as anticancer of the larynx through inhibition of HEp-2 cells. This study aims to determine the active 
compounds in longan honey and proposes the mechanism of action in inhibiting HEp-2 cells. The sample was used in 
the form of longan obtained from honey bee breeders in Central Java. Honey samples were extracted using methanol, 
and then liquid-liquid partitioning was carried out successively using n-hexane and ethyl acetate. Isolation and 
characterization of longan honey samples using FTIR and LC-MS/MS showed the presence of the following 
compounds: Xanthoxol glycosides, Santonin, Octadecanamide, Indole-3 carboxylaldehyde, 3,4-dimethoxycinnamic 
acid, Dimethyl esculetin, Tryptophan, O-acetyl-L- serine, D-glucose-6-phosphate, Feruloiltyramine, Lauryl 
diethanolamide, Taurine, 6-mercaptopurine, 3-(2,4-dichlorophenyl)-4-phenylcoumarin, 3',4'-dimethoxy-3-hydroxy-6-
methylflavone and D-1-((3-carboxypropyl)amino)-1-deoxyfructose. The compounds in longan honey against HEp-2 
cells is quercetin, 3,6-dimethoxycinnamic acid, phenyl coumarin, dimethyl esculetin, santonin, 6-mercaptopurine, and 
feruloyltyramine. The proposed mechanism of active compound in honey to inhibit HEp-2 cells in several ways 
including via caspase pathway and purine synthesis and other relevant mechanisms. However, this assumption needs 
to be tested further to obtain more precise information regarding the mechanism of inhibition of HEp-2 cells. 
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 1.  INTRODUCTION 

Honey is a sweet, viscous liquid that honey bees make from a variety of floral nectar sources. More than 
200 different substances can be found in natural honey, the majority of which are water, enzymes, 
carbohydrates (75% consisting of monosaccharides like glucose and fructose and 15% of which are 
disaccharides like sucrose and maltose), vitamins, minerals, phenolics and flavonoids, and natural pigments 
[1]. Each honey has a unique composition that is affected by the type of bee, habitat, flower, and region from 
where the honey is produced. [2]. Investigations into the contents of honey from Indonesia and throughout 
the world have revealed the existence of a number of secondary metabolites, including beta carotene [3], 
vitamins A and E [4], and C [5], as well as flavonoids and phenolics. Apigenin (0.03 mg/100 g), isorhamnetin 
(0.06 mg/100 g), kaempferol (0.06 mg/100 g), luteolin (0.28 mg/100 g), quercetin (0.31 mg/100 g), and 
myricetin (0.36 mg/100 g) are all present in mixed realities of honey samples from different nations [6]. As 
with Ziziphus honey (ZH) from the Hail area of Saudi Arabia, other varieties of honey in Indonesia have also 
been studied for a variety of properties, including activities of antibacterial [7], antioxidant [8], and potential 
as an anticancer [9]. 

According to early research by Sumarlin et al., the longan honey ethyl acetate extract has a 65.18% 
inhibitory effect at 100 ppm on HEp-2 longan cells [10]. Further research is required to determine which 
substances have this inhibitory capacity and how they perform. The Extract characterization method can be 
used to characterize the suspected compounds. The active fraction of honey was analyzed using a Fourier 
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Transform Infra-Red (FTIR) Spectrophotometer and a Liquid Chromatography Spectrophotometer Mass 
Tandem Spectrophotometer Mass (LC-MS/MS). 

2. RESULTS AND DISCUSSION 

2.1. Extraction and Liquid-Liquid Partitions in Longan Honey 
  In this study, the extract yield was calculated by comparing the sample's initial weight with the 
obtained extract (Table 1). The results showed that the yield of methanol extract was 89.21% after the liquid-
liquid partitioning of ethyl acetate extract was lower than that of polar or water extracts. The difference is that 
most honey components generally consist of sugar 61.88%, which is soluble in polar solvents or water [11]. 
The water content in honey also increases the yield of polar extracts. 
 
Table 1. Results of methanol extraction and liquid-liquid partition of longan honey 

Sample 
Methanol 

extract 
weight(g) 

Yield 
(% b/b) Solvent Extract 

weight (g) 
Yield 

(% b/b) 

Longan Honey 89.23 89.21 
N-hexane 0 0 

Ethyl Acetate 28.34 28.33 
Water 60.57 60.55 

  
2.2. Extract Longan Honey of Ethyl Acetate Fractionation  

 The results of research by Sumarlin et al. [10] on the liquid-liquid partition fraction N-hexane, acetyl 
acetate of longan honey showed the most significant inhibitory activity (%) of HEp-2 cell proliferation in the 
ethyl acetate fraction of 65.18% at a concentration of 100 ppm. The ethyl acetate fraction with the most 
significant inhibition was separated in this study by the thin layer chromatography (TLC) method using a 
Silica gel 60 F254. Spots on the TLC plate dotted with ethyl acetate extract of longan honey were then eluted 
and monitored under a UV lamp at 254 nm & 365 nm. The results of the TLC separation started from N-hexane 
: ethyl acetate with a ratio of 3:7 to N-hexane : ethyl acetate : acetone with a ratio of 1:3:1. The best separation 
occurs when using n-hexane: ethyl acetate : acetone in a ratio of 1:3:1 and at a wavelength of 254 nm, three 
spots are found (Figure 1a, bottom). 
 

 
Figure 1. a. Separating the ethyl acetate extract fraction using TLC, b. The results of the fractionation of 
longan honey ethyl acetate extract 

a b 
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The TLC separation results (Figure 1a) were separated again by the gravitational column 
chromatography (KGV) method using silica gel 60 (Merck) stationary phase with a size of 70-230 mesh, and 
the mobile phase used was the mobile phase which gave the best separation in TLC. The fraction resulting 
from column chromatography separation was accommodated in vials and re-identified by the TLC method 
based on the similarity of the spots produced. The end result is six fractions with masses F1 – F6, respectively 
1.6 g, 1.21 g, 2.01 g, 1.8 g, 2.6 g, and 4.06 g (Figure 1b). 

 
2.3. Characteristics of Ethyl Acetate Extract and Longan Honey Fraction 
 The ethyl acetate fraction and extract of longan honey were further characterized using FTIR 
instruments (Bruker Inc.) and LC-MS/MS (Waters, USA) (Table 8 and Table 9) to determine functional groups 
and suspected active compounds capable of inhibiting HEp-2 cell proliferation. Analysis of suspected 
compounds was carried out by comparing the presence of functional groups and the similarity of the mass 
spectra of the sample with the mass spectra of a compound from the Mass Bank online database, the Human 
Metabolite Database (HMDB), and the Mass Bank of North America.   

Table 2. Results of FTIR functional group analysis of ethyl acetate extract and longan honey fraction 

 
Wave 

Number 
(cm-1) 

Wave 
Number 

(referensi) 

Fungsional 
Group Sample 

3396-3305 3600-3200 -OH Extract EA, F3, F4, F5, and F6 
2964-2836 2970-2850 CH aliphatic F1, F2, F4, and F5 
1661-1421 1680-1475 C=C aromatic Extract EA, F3, F4, F5, and F6 
1260-1257 1270-1230 C-O-C F1, F2, F4, and F6 
1062-1017 1300-1000 C-O  Extract EA, F3, F4, F5, and F6 

  
 The IR spectrum of longan honey ethyl acetate extract shows the presence of a functional group of a 
compound based on absorption in the IR region, the wide and strong band at wave number 3396 cm-1 indicates 
the presence of –OH groups (3400-3300 cm-1) which experience a broadening of the peak due to hydrogen 
bonding and strengthened by C-O absorption (1300-1000 cm-1) at wave number 1259-1062 cm-1. The absorption 
at wave numbers 1647 cm-1 and 1454 cm-1 is caused by the aromatic C=C group (Figure 2, Table 2). The IR 
spectra analysis showed that the ethyl acetate extract of longan honey has functional groups -OH, C-O, and 
aromatic C=C. Based on IR spectra and phytochemical tests, it is suspected that the ethyl acetate extract of 
longan honey contains flavonoid compounds.  

 

 

Figure 2. IR spectra of ethyl acetate extract of longan honey 
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Figure 3. Chromatogram of longan honey ethyl acetate extract 

 
 The results of the FTIR analysis were then confirmed again with the LC-MS/MS test. The mass spectra 
of LC-MS/MS analysis using Mass Lynx software (version 4.1) were then compared with the online databases 
Mass Bank, HMDB, and Mass Bank of North America (MoNA). The results of the analysis of longan honey 
ethyl acetate extract using LC-MS/MS produced chromatograms with different retention times (Figure 3). The 
chromatogram of longan honey ethyl acetate extract showed 20 chromatogram peaks with six blank peaks, 
and 11 peaks were identified (Table 3). 

Table 3. Presumptive compounds in ethyl acetate extract of longan honey 

 

Rt [M+H]+ 
observation 

[M+H]+ 
reference Potential Compounds 

0.69 365.1058 365.0867 Xanthotoxol glycosides 
1.75 194.1177 194.0812 Phenyl acetyl glycine 
3.14 303.1072 303.0656 Quercetin 
3.42 247.1326 247.1331 Santonin 

3.84 207.1380 207.1749 4-(1,1,3,3-Tetramethylbutyl)-
phenol 

4.21 146.0601 146.0606 Indole-3-carboxylaldehyde 
5.19 201.1016 201.1022 Harmalol 
5.84 207.1383 207.0650 Dimethyl esculetin 
6.56 261.1486 261.1001 D-glucose-6-phosphate 
7.33 242.1544 242.1539 Dehydroisocalciporone 
9.72 288.2535 288.2533 Lauryl diethanolamide 

 
 Each fraction 1-6 (Figure 1b) was identified using LC-MS/MS which also showed that the ethyl acetate 
extract and most of the fractions contained xanthosol glycoside compounds. In addition, this analysis also 
shows that longan honey also contains other compounds such as amino acids and carbohydrates, namely O-
acetyl-L-serine, tryptophan, D-glucose-6-phosphate, and isomaltose (Table 4). 
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Table 4. Compounds suspected in the fraction 1-6 longan honey 

 

Fraction Rt [M+H]+ 
observation 

[M+H]+  
reference Potential Compounds 

1 
0.69 365.1058 365.1058 Xanthosol glycosides 
3.52 

12.63 
247.1326 
284.3318 

247.1331 
284.2953 

Santonin 
Octadecanamide 

2 

4.28 146.0603 146.0606 Indole-3-
carboxylaldehyde 

5.53 209.1543 209.0736 3,4-dimethoxycinnamic 
acid 

5.92 207.1385 207.0650 Dimethyl esculetin 
6.46 205.1226 205.0949 tryptophan 

3 

0.69 365.105 365.1058 Xanthosol glycosides 
1.41 127.0394 127.0015 Imidazole-4-acetate 
2.28 148.0752 148.0532 O-acetyl-L-serine 

3.56 146.0603 146.0606 Indole-3-
carboxylaldehyde 

3.9 207.139 207.0650 Dimethyl esculetin 
4.26 261.1494 261.3001 D-glucose-6-phosphate 
4.8 314.1756 314.1314 Feruloiltyramine 
5.53 288.2536 288.2533 Lauryl diethanolamide 

4 

0.69 365.1056 365.1058 Xanthosol glycosides 
1.03 126.0551 126.0255 taurine  
2.28 148.0754 148.0532 O-acetyl-L-serine 
3.42 153.1278 153.3157 6-mercaptopurine 
5.10 288.2553 288.2533 Lauryl diethanolamide 

5 

0.69 365.1058 365.1058 Xanthosol glycosides 
1.02 126.0553 126.0255 taurine 

2.27 146.0602 146.0606 Indole-3-
carboxylaldehyde 

3.47 247.1326 247.1331 Santonin 
4.43 314.1234 314.1314 Feruloiltyramine 

9.56 367.2459 367.0267 3(2,4-dichlorophenyl)-4-
phenylcoumarin 

 14.02 313,2748 313.1776 
3',4'-dimethoxy-3-

hydroxy-6-
methylflavone 

6 

0.69 365.1078 365.1058 Xanthosol glycosides 

3.34 266.1021 266.1240 
D-1-((3-

carboxypropyl)amino)-1-
deoxyfructose 
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Figure 4. Mass spectra of suspected quercetin compounds 

 The mass spectra at a retention time of 3.14 show the m/z value with the most abundance (100%), 
namely 303.1073 and will be fragmented to become m/z 109.0278 (Figure 4). The ionization used is [M+H]+, 
so the actual m/z value is 302.1073, and the predicted molecular formula of the compound is C15H10O7. The 
m/z weight of 303.1073 is also called the parent ion, while the m/z 109.0278 is the second daughter ion. These 
values can be used to predict a compound. When compared with Mass Bank's online database, there are some 
similarities in the mass spectra of the measurements results with the mass spectra of quercetin, namely at m/z 
303; 153; 127, 109, and based on the results of the phytochemical and FTIR tests which showed the presence of 
compounds belonging to the flavonoid class, it is presumed that the compound that appeared at a retention 
time of 3.14 was a flavonoid compound, namely quercetin (Figure 4.). Other spectra were found in this study 
(Figure 5 and Figure 6). 
 

 
Figure 5. Mass spectrum of compound suspected, (a). Santonin, (b). 3,4-dimethoxycinnamic acid 

 
 
 

a b 
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Figure 6. Mass spectrum of compound suspected, (a). feruloiltiramin, (b). 6-mercaptopurine, (c). xanthosol 
glycosides 

2.4. Alleged Mechanism of Inhibition of HEp-2 Cells by Honey 
Previous studies have shown that longan honey extract can inhibit the growth of HEp-2 cells by 65.18% 

at a concentration of 100 ppm [10]. The results of the analysis of the isolated compounds in this study indicated 
the alleged mechanism of action of the HEp-2 cell inhibition.    
 

 

 

Figure 7. Regulation of apoptosis by quercetin and cinnamic acid [12] 

Quercetin (Table 3) and cinnamic acid derivatives (3,4 dimethoxycinnamic acid) (Table 4) are thought 
to have an incredibly active role in inhibiting HEp-2 cancer cells. Quercetin is a flavonol compound and is 
found in various plants. This compound has been isolated from Dutch eggplant skins, beluntas leaves, and 
Sonneratia alba stem bark [13], [14], [15]. Quercetin has been shown to inhibit cancer cells in vitro, such as CT-
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26 cells (colon cancer), prostate cancer PC3 cells, MCF-7 cells (breast cancer), Raji cells (lymph cancer), and 
CHO cells (ovarian cancer). In addition, in vivo, quercetin reduced the volume of MCF-7 and CT-26 tumor 
cells grown in mice [16]. 

Meanwhile, cinnamic acid, especially in the form of cinnamaldehyde, can increase the expression of 
p53, caspase-3, and bax, decrease the activity of the anti-apoptotic proteins bax-2 and pifithrin-α (PFT-α) which 
are p53 inhibitors [12]; [17]. Cinnamic acid is converted into the form of cinnamaldehyde through several 
stages. The first stage of cinnamic acid reacts with the enzyme cinnamic acid-CoA ligase (CNL) to form 
cinnamyl-CoA. Furthermore, cinnamoyl-CoA turns into the form of cinnamaldehyde with the help of the 
enzyme cinnamoyl-CoA reductase (Figure 7). 

In another explanation, it was also stated that honey will activate p53 which will modulate the 
expression of pro-apoptotic proteins such as bax [18]. Honey and Aloe vera have been shown to be able to 
increase bax expression and suppress bcl-2 expression which causes Walker cancer cells to undergo apoptosis 
and death. Bax and bcl-2 are involved in the process of cell apoptosis, bax which has a pro-apoptotic effect can 
be inhibited by bcl-2 so that increased expression of bax and decreased expression of bcl-2 will trigger the 
process of apoptosis in cancer cells and increase the likelihood of cancer cells dying. 

Compounds that also work through the mechanism of inducing apoptosis so that they are thought to 
inhibit the proliferation of HEp-2 cells are dimethyl esculetin and 3,4-dimethoxycinnamic acid (Table 4). 
Flavonoid and phenolic compounds in honey, such as cinnamic acid and coumaric acid are active as anti-
leukemia by activating the 'arrest' cell cycle at the G0 stage and inducing cell apoptosis [19]. Dimethyl esculetin 
(Table 3) is also thought to be active as an anticancer because esculetin has been shown to actively inhibit 
pancreatic cancer cells by activating the G1 'arrest' cell cycle phase to carry out cell repair and induce apoptosis 
through activating caspase 3, 8, and 9 [20]. Dimethyl esculetin (Table 3) is also thought to be active as an 
anticancer because esculetin has been shown to actively inhibit pancreatic cancer cells by activating the G1 
'arrest' cell cycle phase to carry out cell repair and induce apoptosis through activating caspase 3, 8, and 9 [20]. 

Honeys suppressed the production of pro-inflammatory markers NO, IL-1β and IL-6 induced by 
lipopolysaccharide and promoted the expression of anti-inflammatory cytokines IL-10 in RAW 264.7 cells [21].  
Caspase 3 can trigger apoptosis by cleaving proteins in the cytoplasm and nucleus [18]. Sulfurofen isolated 
from methylene chloride extract of red cabbage (Brassica oleracea var rubra) was able to inhibit the growth of 
HEp-2 cells by 82.34% at a concentration of 500 ppm by increasing the expression of pro-apoptotic proteins 
(p53, bax, and caspase) and suppressing protein expression bcl-2 antiapoptosis [22]. 

 

 

Figure 8. The process of regulating the mechanism of apoptosis by honey [18] 

Honey regulation of cell apoptosis regulatory proteins is also an essential process in inhibiting cancer 
cells, including HEp-2 cells. The active compounds in honey will increase the expression of the p53 gene 
(tumor suppressor gene), which prevents cell division from occurring, thereby preventing tumor cells from 
developing. Expression of the p53 gene is triggered by DNA damage present in tumor cells but normal cells 
that do not experience DNA damage will still carry out cell division. The p53 protein causes GI arrest or 
apoptosis and stimulates pro-apoptotic proteins such as Bax. Bax bound to mitochondria will trigger the 
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release of pro-apoptotic factors, namely cytochrome C proteins and Apaf-1, into the cytoplasm, activating the 
caspase nine pathway. 

Furthermore, caspase 9 will activate caspase 3 which will become the executor in the process of 
apoptosis. Caspase 3 will break down proteins in the cytoplasm and nucleus, causing the HEp-2 cell nucleus 
to break down. In addition, TNF is an extrinsic apoptotic mediator to initiate the caspase 8 activation pathway, 
which directly converts pro-caspase 3 to caspase 3 and then the caspase 3 pathway is activated. Mitochondrial 
proteins Bcl-2 and Bcl-xL can block the release of cytochrome c from mitochondria and bind Apaf-1, which 
prevents activation of caspase 9, so it is essential to reduce Bcl-2 protein so that the process of apoptosis 
continues (Figure 8) [18]. 

 

 
 

Figure 9. Mechanism of 6-mercaptopurine inhibition [23] 

Another compound that is thought to have a role in inhibiting HEp-2 cells is 6-mercaptopurine (6-MP). 
The compound 6-MP present in fraction 4 (Table 4) is thought to play an active role in inhibiting the 
proliferation of HEp-2 cells (Figure 9). 6-MP is a class of purine base compounds such as hypoxanthine and 
adenine.   6-MP is the first active metabolite inhibitor shown to suppress cancer cells. 6-MP is a clinically 
important antitumor drug and its commercially available form is provided as monohydrate, belonging to 
biopharmaceuticals classification system (BCS) class II category. The combination of bismuth(III) (Bi(III)) with 
6-MP was proved to significantly improve the anticancer activity of 6-MP [24]. 6-MP is also a purine antagonist 
that has long been used as an antileukemic drug, cancer treatment, and immunosuppressive agent. 

Compound 6-MP has an inhibition mechanism through the purine synthesis pathway and can inhibit 
DNA/RNA synthesis [23]. The compounds in fraction 4 (Table 4) indicate other inhibition mechanisms that 
affect HEp-2 cell proliferation. The 6-MP compound turns into 6-thio-inosine monophosphate (6-TIMP) with 
the help of the enzyme hypoxanthine-guanine phosphoribosyl transferase (HRTP'ase). 6-TIMP can inhibit de 
novo purine synthesis, especially adenosine, because the ketone group (-C=O) at position 6 is replaced by a 
thio group (-C-SH) so that it cannot bind to asparagine and HEp-2 cells cannot produce adenosine 
monophosphate (AMP). In addition, guanine can also undergo modification in the ketone group to form a thio 
group to form thio-guanosine monophosphate (TGMP). The absence of adenosine can cause DNA/RNA 
replication to not occur. As a result, HEp-2 cancer cells cannot carry out cell division (Figure 9).  
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Figure 10. Multiple mechanisms of HEp-2 cell inhibition 

In addition, there are many other mechanisms for inhibiting HEp-2 cells (Figure 10). This is possible 
because each sample in various studies contains different bioactive components (Table 5). 

Table 5. Hep-2 cells and their mechanism of action in various materials 

No Source of HEp-2 
Cells Mechanism Sample References 

1. Human laryngeal 
cancer cells (HEp-2 
line) and human 
non-tumor cells 
(HEK-293 line)  

Inhibition of the mitochondrial complex I 
activity, induction of redox stress and 
DNA breakage. The apoptosis pathway 
activation occurs via Bax-triggered, along 
with AIF and cytochrome c release, and it 
is independent of p53 incitement 

Extract obtained 
from A. 
angustifolia 

[25] 

2. The HEp-2 human 
laryngeal squamous 
carcinoma cell line  

Regulating CD34 and VEGF expression, induce 
caspase-dependent apoptosis, Regulating the 
PI3K/AKT signaling pathway, inhibits 
endothelial cell adhesion and migration, 
powerful anti-tumor activity 
 

Lj-RGD4 is a 
novel toxin 
protein from the 
salivary gland of 
Lampetra 
japonica that is 
characterized by 4 
RGD motifs. 

[26] 

3. HEp-2 cells, 
considered to 
originate from a 
human laryngeal 
carcinoma  

Stable knockdown of CK2α inhibited the 
aggressive migration and invasion of 
human laryngeal carcinoma cells and 
enhanced their sensitivity to 
chemotherapeutic drugs. 

Short hairpin 
RNA (shRNA)-
mediated RNA 
interference 
(RNAi) 
technology 

[27] 

4. The HEp-2 human 
laryngocarcinoma 
cell line  
 

Loss of mitochondrial membrane 
potential, increased the ratio of pro-
apoptotic Bax to anti-apoptotic Bcl-2, 
induced cytochrome c release, and 
increased the activity of caspase-3 and -9, 
which altogether account for apoptotic 
cell death.  

The materials of L. 
sordida fruiting 
bodies were 
purchased from 
Harbin, 
Heilongjiang 
Province, China,  

[28] 
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5. The human 
laryngeal cancer 
HEp-2 cell line  
 

The autophagy was induced in HEp-2 
cells along with CDDP-induced 
apoptosis, and inhibition of autophagy 
could result in potentiation of the 
proapoptotic effect of CDDP. Appropriate 
modulation of autophagy is necessary for 
sensitizing laryngeal cancer cells to CDDP 
treatment 

Anti-Beclin 1 
antibody (Santa 
Cruz, catalog 
number: sc-10086) 
recognizes a 
single 60-kd band 
on Western blot. 

[29] 

6. Human laryngeal 
epidermoid 
carcinoma (HEp-2) 
cells  
 

The BHAE triggered cell death by 
activation of apoptosis through ROS 
induction. Its ability to induce cell death 
through ROS generation leads to 
morphological and molecular 
modifications, cell cycle arrest and 
induction of apoptosis. 

The Algerian 
Berberis hispanica 
alkaloids extract 
(BHAE) [30] 

7. HEp-2 cell lines by 
in vitro  

That AETE has immense potential to 
induce apoptosis by depolarizing the 
mitochondrial membrane. The in vivo 
results in TV and TW reduction following 
AETE administration clearly indicated the 
tumor regression potential of AETE 
against EAC-induced solid tumors. 

Aqueous extract 
of Tagetes erecta 
(AETE) 

[31] 

8. HEp-2 and KB cells  Genotoxic stress leads to down-regulation 
of Bcl-2 in HEp-2 and KB cells, which 
plays a decisive role in the outcome of 
stress in these cells. 

Agents like 
carboplatin (Carb) 
and 5-fluorouracil 
(5-FU), 

[32] 

9. HEp-2 cells  
 

The possible mechanism of apoptosis as 
above was to decrease intracellular GSH, 
increase intracellular ROS and lose 
mitochondrial membrane potential. 

Arsenic trioxide-
As2O3 [33] 

10. HEp-2 cell lines. Induction of Cdk inhibitor p21, inhibition 
of cyclin D1 and activation of caspase-3. 

Indirubin-3-
monooxime was 
purchased from 
Gibco 
Laboratories 
and dissolved in 
dimethyl 
sulfoxide (DMSO, 
Sigma). 

[34] 

11. HEp-2 cells and 
African green 
monkey kidney 
(Vero) cells  

Loss of membrane integrity Combinatorial 
effects of 
geopropolis 
produced by 
Melipona 
fasciculata Smith 
 

[35] 

12. The Human 
Laryngeal 
carcinoma (HEp-2) 

Induces apoptosis in HEp-2 cells through 
by  inducing oxidative damage and 
modulating apoptotic marker 
expressions. Inhibits cell proliferation in 
HEp-2 cells through ROS dependant 
mitochondrial mediated apoptosis as 
evidenced by elevation of ROS generation 
resulting in loss of DCM, oxidative DNA 
damage, and nuclear fragmentation. 
Further, modulates the apoptotic protein 
expression such as decreased Bcl-2, 
increased Bax leads to Cytochrome-c 
release from mitochondria, consequent 
activation of Caspase-9 and -3.  

[6]-Shogaol 

[36] 

13. HEp-2 (human 
laryngeal 

Mitochondrial perturbation Brazilian red 
propolis extract [37] 
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epidermoid 
carcinoma cell)  

14. The laryngeal 
squamous 
carcinoma HEp-2 
cell line  

Down-regulated expression of MMP-2 
and MMP-9 via ROS-mediated inhibition 
of phosphorylation in the ERK/MEK 
signaling pathway. Suppression of MMP-
2 and MMP-9 protein expression by 9-
HPbD-PDT may improve the therapy of 
laryngeal cancer by reducing metastasis. 
  

9-HPbD, a novel 
chlorophyll 
derived 
photosensitizer, 
with a maximum 
absorption peak at 
664 nm, was 
kindly provided 
by Kumho Life 
and 
Environmental 
Science Labo-
ratory (Kwangju, 
Korea). 

[38] 

15. Human epithelial 
type 2 (HEp-2) cells 

Interfered its adhesion to the epithelial 
cells 

Rhus coriaria 
were purchased 
from the local 
markets of Karaj 
city in 2016 

[39] 

 
The feruloiltyramine compound (Table 4) is also thought to be active as an anticancer. It was also 

reported that the extract of the Tinospora crispa plant originating from East Asia contains several compounds, 
one of which is feruloyltyramine, which can inhibit the proliferation of cancer cells MCF-7, HeLa cells, HEpG2 
cells, Caov-3 cells, MDA-MB-231 cells, and 3T3 cells [40] 

Santonin contained in the ethyl acetate extract of longan honey is a class of sesquiterpene compounds 
with biological activity as anti-therapeutic, anti-inflammatory, and fungicidal agents. Synthetic santonin 
derivatives such as spiro-isoxazolidine can inhibit PC-3 cells by inducing an 'arrest' process in the G1 cell cycle 
phase [41]. 

Table 6. Some of the chemical compounds or their derivatives found in this study as anticancer 

 
No Compound Mechanism Type Cancer cells References 

1. 3,4-dimethoxycinnamic 
acid 

Effective components induced apoptosis by 
inhibiting tumor cell migration, activating 
caspase 3, and promoting ROS production. 

The human breast cancer 
cells, MCF-7 (human breast 
cancer ER (+)) and MDA-
MB-231 (human breast 
cancer ER (−)) cells, lung 
cancer A549 cells, and 
human colonic carcinoma 
HeLa cells were purchased 
from American Type 
Culture Collection (ATCC, 
USA). 

[42] 

2. 

Cinnamic acid, 3-
chlorocinnamic acid, 4-
chlorocinnamic acid, 
and thionyl chloride  

Strong inducers of apoptosis in A549 cells, 
both activating intrinsic caspase pathway 
and cell cycle arrest at the G0/ G1 phase. 
Ability to induce production of 
mitochondrial superoxide anions, inhibited 
cellular mobility. 

Human colorectal 
adenocarcinoma 
(LoVo,ATCCÒ CCL-229TM), 
human ovary 
adenocarcinoma (SkOV-3, 
ATCCÒ HTB-77 TM), 
human lung non-small cell 
carcinoma (A549, ATCCÒ 
CCL-185TM), human 
mammary adenocarcinoma 
(MCF-7, ATCCÒ HTB-22 
TM), human pancreatic 
adenocarcinoma (AsPC-1, 
ATCCÒ CRL-1682 TM) and 
human hepatocellular 
carcinoma (HepG-2, ATCCÒ 
HB-8065 TM ) cell lines were 
generously gifted by 
Transgene SA (Illkirch, 
Strasbourg, 

[43] 
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France). 

3. 
Esculetin 

 

In vitro and in vivo antiproliferative activity 
in hepatocellular carcinoma, and its 
mechanisms involved initiating a 
mitochondrial-mediated, caspase-dependent 
apoptosis pathway. 

The human ccRCC cell line 
786-O was purchased from 
the National Platform of 
Experimental Cell Resources 
for Sci-Tech (Beijing, China). 

[44] 

in vitro and in vivo antiproliferative activity 
in hepatocellular carcinoma, and its 
mechanisms involved initiation of a 
mitochondrial-mediated, caspase-dependent 
apoptosis pathway. 

The SMMC-7721 human 
hepatocellular carcinoma 
cell line was obtained from 
the Scientific Experiment 
Center of Liaoning Medical 
College (China) 

[45] 

Increased the levels of Bax, cleaved 
caspase‑3, cleaved‑9 and cleaved poly 
(ADP‑ribose) polymerase apoptosis‑related 
proteins, and decreased the expression levels 
of the Bcl‑2 anti‑apoptotic protein. 

A253 cells were cultured in 
modified RPMI 1640 
medium (Welgene, Inc.) 

[46] 

Binds to KEAP1 and inhibits its interaction 
with Nrf2 in pancreatic cancer cells. 

PANC-1, MIA PaCa-2 and 
AsPC-1 cell lines [20] 

Reduced the protein expression of CDK4 
and cyclin D1, regulators of G1/S transition, 
in both cell lines 

CMT-U27 and CF41.mg cell 
lines were purchased from 
ATCC (Manassas, VA, USA). 

[47] 

4. 

N-trans-
feruloyltyramine 

 

Downregulation of COX-2 and iNOS via 
suppression of AP-1 and the JNK signalling 
pathway in RAW 264.7 macrophages. 

RAW 264.7 cells and human 
embryonic kidney cells 
(HEK293) were purchased 
from the Korean Cell Line 
Bank (Seoul, Korea). 

[48] 

Proliferation inhibition on HepG2 cells with 
IC50 value of 194 ± 0.894 µM. 

Human hepatoma cells 
(HepG2 cells) and Human 
normal hepatocyte cells (L02 
cells) were obtained from 
cell resource center of the 
Shanghai Academy of 
Sciences (Chinese Academy 
of Sciences, China), 

[49] 

5. 

trans-N-
feruloyltyramine 
(3) and trans-N-
feruloyl-3-
ethoxytyramine (4)  

The alkaloids extract may probably induce 
extrinsic (TNFR1 mediated) as well as 
intrinsic (TP53 induced) apoptosis 
pathways in leukemic cell line. 

Acute T cell leukemic (Jurkat 
E6-1, passage number 29) 
cell line was procured from 
National Centre of Cell 
Science (NCCS), Pune, India. 

[50] 

7. 

6-mercaptopurine (6-
MP) 

 

In vitro cell cytotoxic and oxidative stress 
marker indices (lipid peroxide, superoxide 
dismutase, glutathione-SH, and protein 
carbonyl) were significantly reduced  

Human neuroblastoma cell 
line (IMR32) [51] 

Up-regulation of MRP4 and down-
regulation of influx transporters played a 
major role in 6-MP resistance of CEM-MP5 
cells. 

The CCRF-CEM (American 
Type Culture Collection, 
Manassas, VA, CCL-119) cell 
line (hereafter referred as 
CEM) is a human T-
lymphoblast cell line that 
was originally derived from 
a patient with acute 
lymphocytic leukemia. 

[52] 

Inhibition ratios on biotin receptor 
overexpressed cell lines (MCF-7, HepG2) 
and lower cytotoxicity on normal cell lines 
(CHO). Compound 5 showed good activity, 
comparable to 6-MP against (MCF- 7, 
HepG2), and much lower cytotoxicity on 
(CHO). 

Human breast cancer cell 
(MCF7), human hepatic 
carcinoma (HepG2) and 
biotin negative cell line, 
noncancerous Chinese 
hamster ovarian (CHO) cell 
lines. 

[53] 

8. 
S-allylthio-6-
mercaptopurine and its 
ribose derivate 

boosted in vitro apoptotis in B-CLL cells from 
10% to 38%, and decreased in vivo 
engraftment of B-CLL from 30% to 0.7%. 

Human-mouse B-CLL 
model.  [54] 
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9. 

y- (9H-purine-6-yl). 
thiomethyl L-glutamate 
(6-MPG), a 
water-soluble 
derivative of 6-MP. 

6-MPG against the secondary tumor is 
elicited by augmenting tumor specific T-cell 
production. 

MethA growth in the 
BALB/C (nu/nu) mouse. 

[55] 

10. 4-(1,2,3-triazol-1-
yl)coumarin 

The antiproliferative role through arresting 
G2/M cell-cycle and inducing apoptosis 

Human cancer cell lines, 
including human breast 
carcinoma MCF-7 cell, colon 
carcinoma SW480 cell and 
lung carcinoma A549 cell. 

[56] 

11. 2-phenylpyrimidine 
coumarin derivatives Telomerase inhibitors  

CNE2, KB, and Cal27 cell 
lines in vitro [57] 

12. New thiazolylpyrazolyl 
coumarin derivatives 

The mechanistic effectiveness in cell cycle 
progression, apoptotic induction and gene 
regulation, significant VEGFR-2 inhibition, 
stimulates the apoptotic death of MCF-7 
cells, up regulated p53 gene expression and 
elevated Bax/Bcl-2 ratio which confirmed 
the mechanistic pathway, activation of 
caspases-7 and 9, effective apoptosis 
modulator and promising lead for future 
development of new anti-breast cancer 
agents. 

Human cell lines, including 
breast MCF-7, lung A549, 
prostate PC3, liver HepG2 
and normal melanocyte 
HFB4. 

[58] 

13. Some new indole–
coumarin hybrids 

Flow cytometric cell cycle analysis of 4c 
exhibited apoptotic mode of cell death due to 
cell cycle arrest in the G2/M phase. 

Human breast 
adenocarcinoma (MCF-7) 
cells  

[59] 

14. Coumarin derivates 
 

In this regard, many coumarin derivatives 
have been reported as intercalating agents, 
alkylating agents, topoisomerases inhibitors, 
hormone antagonists, angiogenesis 
inhibitors, antimitotic agents, apoptosis 
inducers, carbonic anhydrase inhibitors. 

L1210, CEM Du 145, 
HeLa, MCF-7, A549, 
HeLa, SKNSH, HepG2 
cells, COLO-205, THP-1 
and HCT-116 cancer cell 
lines 

 [60] 

BRD4 inhibitor, arresting the cell cycle at the 
G0/G1 phase, induced MCF-7 cells apoptosis 
and reduced the expression of c-Myc protein, 
good in vivo and in vitro metabolic stability 
with a long half-life time 

MCF-7, HepG2, WI-38 and 
HEK293T cells   [61] 

15. 

A series of hybrid 
molecules composed by 
a coumarin scaffold 
and a properly 
substituted trans-
vinylbenzene moiety 

Apoptosis-inducing activity H460 lung carcinoma cells  [62] 

16. Coumarins 

Carbonic anhydrase inhibitors, kinase 
inhibitors/Miscillaneous, antimitotic agents, 
aromatase and sulfatase inhibitors, 
angeogenesis inhibitors, cell cycle arrest 
causing agents, monocarboxylate 
transporters inhibitors, telomerase 
inhibitors, HSP 90 inhibitors. 

Hep-G2, Panc-1, CCRF, 
SIH4, MDA-MB-468/MCF-7, 
SK-OV-3, CCR-CEM, HL-60, 
HOP-92, NCl-H460, HCT-
116, SF-295, A549, CRL1548, 
CRL 1439, HeLa, SW620, 
A2780, Ketr-3, SGC-7901, 
MGC-803, Bcap-37, HEPG-2, 
SKBR3, Hep-2, HuCCA-1, 
MOLT-3, K562, Bel-7402,  

 [63] 

17. 7-IP-based butynyl-
amino derivatives 

the MDR reverting ability,  LoVo colon cancer cell line  [64] 

18. trimeric 
triphenylethylene–
coumarin hybrids 

anti-tumor activities and binding affinity 
with DNA in intercalative mode 

Hela, A549, K562 and MCF-7 
cell lines were examined by 
the modified Mosmann’s 
protocol 

 [65] 

19. 2-amino-5-substitu 
ted-1,3,4-thiadiazole 
derivatives 

Biological agents against EGFR kinase MCF-7 and PC3 cell lines  [66] 
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20. 

Quercetin 1,2-
Dimethylhydrazine 
dihydrochloride 
(DMH, D161802) and 
Quercetin 

Effectively reversed DMH-mediated 
oxidative stress and DNA damage through 
targeting NRF2/Keap1 signaling pathway. 

Colorectal cancer.  [67] 

21. α-santonin derivatives 
 

Inhibition on cell-cycle progression and 
leading to an increase of cells in G2/M, the 
DNA synthesis inhibition and cell cycle 
arrest, which probably lead to apoptosis 
activation.  

HL-60 cell line  [68] 

Possessing the a-methylidene-g-
butyrolactone group in their structure, 
displayed significant cytotoxic activities. 

The cancer cell lines HL-60 
(leukemia), SF-295 (central 
nervous system), HCT-8 
(colon), MDA-MB-435 
(melanoma), UACC-257 
(melanoma), A549 (lung), 
OVACAR-8 (ovarian), A704 
(renal), and PC3 (prostate) 

 [69] 

TNF-a protein as its preferable target Tumor Necrosis Factor 
Alpha (TNF-a) 

 [70] 

22. 
Novel spiro-isoxazoline 
and spiro-isoxazolidine 
derivatives of α- 
santonin 

showed concentration dependent inhibitory 
activity against NF-kB, p65 

PC-3, THP-1 and MCF-7 cell 
lines  [71] 

23. α-santonin (a 
methylene-g 
butyrolactone) 

These lead molecules were further studied 
for NF-kB, p65 transcription factor inhibitory 
activity which confirmed concentration 
dependent inhibition against NF-kB, p65 

Human cancer cell lines (PC-
3, HCT-15, A-549 and MCF-
7). 

 [72] 

24 
α-santonin derived 
acetyl santonous acid 
1,2,3-triazole 
derivatives 

Reduced cytotoxicity and strong inhibition 
activity against the cell proliferation induced 
by the mitogens. 

BALB/c mice T and B 
lymphocyte proliferation. 

8.5  [73] 

 

Another compound that is thought to play a role in inhibiting cancer is a coumarin derivative, namely 
3(2,4-dichlorophenyl)-4-phenylcoumarin, which is present in Fraction 5 (Table 2). Phenyl coumarin group 
compounds have more potent cytotoxic activity than the cancer drug doxorubicin against colon cancer cells, 
with the lowest viability at a concentration of 10 (g/mL). Synthetic coumarin derivatives with anti-breast 
cancer potential, covering the articles published from 2015 to 2020 [74]. Thakur et al. [63], accomplished in 
vitro cytotoxic screening against HEp-2 cell line and illustrated SAR study of 4-methyl 2h-chromen-2-one 
derivatives. This compound is a derivative of Coumarin with IC50 value 9.798 ± 0.18 on hep2 cells [63]. A 
vigilant SAR (Figure 11) exploration verified that substitution of phenyl ring at position R with para-fluoro, 
ortho-OH and ortho-OCH3 showed maximum activity (Table 7). 

 
	

 
	
 

	

Figure 11. Comparison SAR study of 4-methyl-chromen-2-one derivatives [63] and another of coumarin 
derivative. 

O O
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The ability of longan honey components and their derivatives has also been seen in various studies of 
several cell lines (Table 6). This provides information that the compounds that make up longan honey can 
inhibit HEp-2 cells through multiple mechanisms. 

 
Table 7. In silico analysis of the substitution of the R position in 4-methyl-chromen-2-one [63] 

	
No R IC50 HEp-2 cells (µM) 

1	

	

3.621	±	0.10	

2	

	

4.196	±	0.12	

3	

	

5.432	±	0.15	

	

3. CONCLUSION 

Isolation and characterization of longan honey samples using FTIR and LC-MS/MS showed the 
presence of the following compounds: Xanthoxol glycosides, Santonin, Octadecanamide, Indole-3 
carboxylaldehyde, 3,4-dimethoxycinnamic acid, Dimethyl esculetin, Tryptophan, O-acetyl-L- serine, D-
glucose-6-phosphate, Feruloiltyramine, Lauryl diethanolamide, Taurine, 6-mercaptopurine, 3-(2,4-
dichlorophenyl)-4-phenylcoumarin, 3',4'-dimethoxy-3-hydroxy-6-methylflavone and D-1-((3-
carboxypropyl)amino)-1-deoxyfructose. The active compounds found in longan honey and suspected to be 
active against HEp-2 cells are thought to not only come from the flavonoid (quercetin) and phenolic groups 
(3,6-dimethoxycinnamic acid, phenyl coumarin, and dimethyl esculetin) but also from several compounds 
containing others such as Santonin, 6-mercaptopurine, and feruloyltyramine. Possible Mechanism of Honey 
to Inhibit HEp-2 Cells through several ways including: via caspase pathway, purine synthesis and other 
relevant mechanisms. However, this assumption needs to be tested further to obtain more precise information 
regarding the mechanism of inhibition of HEp-2 cells. 

4. MATERIALS AND METHODS 

4.1. Materials and Instruments 

All chemicals and reagents in this study were used for analytical grade without any further purification. The 
sample used was longan honey from Central Java. The chemicals used are solvents for extraction (Methanol 
pa (FULLTIME), N-hexane pa (FULLTIME), Ethyl acetate pa (SmartLab), and Aquadest), TLC Silica gel 60 
F254 (Merck), Silica gel 60 F254 (Merck), Na2SO4 anhydrous pa (Merck). 
 The equipment used includes glassware, separating funnel, magnetic stirrer, Buchner funnel, rotary 
evaporator, vacuum pump, Whatman filter paper, microplate reader, biosafety Cabinet Level-2 (Nuaire, USA), 
CO2 incubator (Binder, Germany), centrifuge ( Tommy, Japan), inverted microscope (Nikon, Japan), T25 flask 
(Corning, USA), hemocytometer device (Improved Neubauer), 96-wells Tissue Culture Plate (Corning, USA), 
12-wells Tissue Culture Plate (Corning, USA ), pipette aids, volumetric pipettes, media bottles, FTIR (Bruker 
Inc.), and LC-MS/MS (Waters, USA). 
 
  

F

NH
CH3

NH
CH3

OH

NH
CH3

OCH3
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4.1.1 Instrumentation 
 
Table 8. Conditions and Details Instrumentation 
 

Conditions Details 
Chromatographic Separation: 
C System Ultra Performance Liquid Chromatogphy (UPLC) 
Column C18 (1.8 µm 2.1x50 mm) BEH 
Temperature 50oC (Column), 25oC (room) 
Mobile phase Water + 0.1%Formic acid (A) and Acetonitril + 0.1% Formic acid (B) 
Flow rate 0.2 mL/min (step gradien) running 23 minute 
Injection Volume 5 µL (filter through 0.2 µm syring filter first) 
Mass Spectrometry: ES (electrospray ionization) 
System 
Mode Positive mode 
Mass analysis range 50 – 1500 m/z 
Source Temperature 100oC 
Desolvation Temperature 350oC 
Cone gas flow 0 L/hr 
Desolvation gas flow 793 L/hr 
Collision energi 4 Volt 
Rampt Colision energi 25-70 volt 

 
Table 9. LC-MS Analysis Detail 
 

Instrument Specification Details 
LC System ACQUITY UPLC*H-Class System 

(waters, USA) 
UPLC (Ultra Performance Liquid 

Chromatography) 
LC Column ACQUITY UPLC*BEH 

C18 (1.8 µm 2.1x50 mm) (waters, USA) 
UPLC Column BEH (Ethylene Bridge Hybride) 

Mass Spectrometer Xevo G2-S Qtof (waters, USA) Quadrupole time-of-flight mass spectrometry 
 
4.2. Procedure  
4.2.1. Honey Preparation 
Longan honey was extracted and continued by liquid-liquid partitioning to obtain an extract so that it was 
obtained water extract (polar), ethyl acetate (semi-polar), and n-hexane (nonpolar) longan honey. The honey 
extract was separated by TLC and continued by fractionation by a gravity chromatography column. Each 
fraction was retested for its inhibitory activity and characterized by LC-MS/MS and FTIR, including honey 
extract, which provided the most significant inhibition to determine the suspected compounds that played a 
role in inhibiting the growth of HEp-2 cells. 
 
4.2.2. Honey Extraction  

A total of 100 g of honey samples were added with 300 mL of methanol and stirred using a magnetic 
stirrer for 30 minutes. Then let it sit in a fume hood for 24 hours. Using filter paper, the honey extract is then 
separated from the residue that settles with the filtrate. The honey methanol extract filtrate was then 
concentrated using a rotary evaporator at a temperature of 64oC to obtain a concentrated honey methanol 
extract. 
 
4.2.3. Liquid-Liquid Partition  

The concentrated honey methanol extract was separated by the liquid-liquid partition method 
successively using n-hexane and ethyl acetate as solvents. The concentrated extract of honey methanol was 
dissolved in 200 mL of water-methanol (3:7), then put into a separating funnel and added with 100 mL of n-
hexane as solvent. The mixture is then shaken for 5 minutes and allowed to stand until it is completely 
separated into two parts. The N-hexane fraction above was divided, while the water-methanol below was re-
partitioned with N-hexane until the n-hexane fraction was clear and the n-hexane honey fraction was obtained. 
Furthermore, the water-methanol fraction of honey was added with 100 mL of ethyl acetate solvent and 
partitioned using the same method with n-hexane solvent to get a precise colored ethyl acetate fraction. The 
water-methanol, n-hexane, and honey ethyl acetate fractions were added with 5 g of anhydrous Na2SO4 to 
remove the remaining water content and filtered using a Buchner funnel to separate the Na2SO4. All honey 
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fractions were concentrated using a rotary evaporator, n-hexane fraction at 48oC, ethyl acetate fraction at 54oC, 
and water-methanol fraction at 64oC. 
 
4.2.4. Thin-Layer Chromatography   

Separation by Thin Layer Chromatography (TLC) was carried out using a silica gel 60 F254 TLC plate 
and a mixture of several eluents consisting of n-hexane: ethyl acetate: acetone with a composition of 1:3:1. The 
spots on the TLC plate were monitored under UV lamps at 254 nm and UV 365 nm. 
 
4.2.5. Gravity Column Chromatography Fractionation  

 The solvent composition that produces the best TLC separation and the best spot separation stain is 
then used as the mobile phase in gravity column chromatography. Silica gel 60 F254 was suspended first with 
n-hexane and put into a column whose bottom was plugged with cotton using a dropper until the silica gel 
height reached 3/4 of the column height. Then the n-hexane is removed and collected again. The extract was 
dissolved with a small amount of acetone solvent and added with silica gel as much as the amount of section 
in a ratio of 1:1. Then inserted into the column and eluted using the gradient method. The results of the column 
chromatography obtained were collected in vials of 50 mL and 100 mL of each fraction. All fractions separated 
by column chromatography were then analyzed using thin layer chromatography with n-hexane: ethyl 
acetate: acetone (1:3:1) as eluent and observed under UV lamps at 254 nm and 366 nm to see stains with the 
same Rf. Fractions with the same stain on thin layer chromatography are combined and the solvent is 
evaporated. 
 
4.2.6. Analysis FTIR  
 A total of 1 mg of the active honey fraction was crushed with 100 mg of KBr homogeneously. The 
infrared absorption was measured at a wave number of 4000 - 450 cm-1, and the functional groups were 
analyzed by comparing the wave numbers in the sample with a reference. 
 
4.2.7. Analysis LC-MS/MS  

As much as 1 mg of the active honey fraction was weighed and dissolved in methanol. 10 L of the sample 
was taken and injected into LC-MS/MS through column C-18 (2 x 150 mm) with a flow rate of 0.3 mL/min. 
The chromatogram and mass spectrophotometer analysis were then analyzed using the MassLynx software 
(Version 4.1). Identifying the 

 structure of the chemical compounds detected in the LC-MS/MS, was done by comparing the base 
peak samples with the database on the Massbank website. The column specification or stationary phase used 
in LC-MS/MS is the ACQUITY UPLC®BEH C18 column. This column has a reverse phase because the 
stationary phase is nonpolar while the mobile phase is polar. The mobile phase is a mixture of methanol-water 
and acetonitrile-water solvents. However, the best separation occurs when using an acetonitrile-water solvent. 
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