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Abstract 

Grayanotoxin-III and its glycoside derivatives were isolated from their natural sources. 

Grayanotoxin-III was extracted from Rhododendron Ponticum L. by liquid-liquid 

extraction and was isolated by prep-HPLC. Grayanotoxin-III glycoside was extracted from 

mad honey by SPE method. For isolation of grayanotoxin-III, a reverse phase C-18 column 

has been used in gradient conditions starting with 40/60 % (Methanol (A) /Water (B)) 

following 0 min. 34/66 (A/B), 11 min. 53/47 (A/B), 19 min. 70/30 (A/B), 22 min 100/0 

(A/B) at 25 oC. Isolated fragments were examined with LC-MS analysis. The main ion of 

grayanotoxin-III was observed at m/z 370 with 100 % abundance with some of its 

fragments. Grayanotoxin-III was detected at 204 nm with Diode Array Detector at 7.5 min. 

with the above-mentioned conditions. Grayanotoxin-III glycoside from mad honey was 

identified by LC-MS and NMR analysis.  

GTX-III can be transferred to honey from Rhododendron Ponticum plant according to 

obtained results. As a conclusion, because of the toxicity of the GTX-III compound the 

honey from these regions should be carefully consumed. 

Keywords: Grayanotoxin-III, extraction, LC-MS, Mad honey, Rhododendron Ponticum L. 
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1. Introduction 

Grayanotoxins (GTXs) are natural toxic diterpenoids, which have been isolated from 

species of Ericaceae family (Zhou et al., 2012; Booth et al., 2012; Zhang et al., 2015; Niu 

et al., 2016).  Rhodendron Ponticum (RP) is one of the member of the Ericaceae, which 

contain GTXs, spread in Spain, Portugal, Turkey (Black Sea Region), United Kingdom, 

and Bulgaria (Milne & Abbott, 2000; Avci, 2004).  Because of its use in folk medicine, 

these species were attractive for scientific studies. Various studies have been carried out on 

pharmacological and biological activity of RP (Popescu, 2013).  Some other studies 

focused on the content of RP. Although it has temporary toxicological effects (Silici S. and 

Atayoglu, 2015, Popescu et al., 2009, Kim et al., 2010, Cucer and Eroz, 2010, Gunduz et 

al. 2014), mad honey is known as GTX contaminated honey from RP (Kurtoglu et al., 2014, 

Kaplan et al., 2014). Due to GTXs, mad honey can cause intoxication in human. Among 

many intoxication symptoms, especially dizziness, blurred vision, bradycardia, vomiting, 

nausea and presyncope can be seen (Silici and Atayoglu, 2015). The main structure of 

GTXs consists of a tetracyclic diterpenoid carbon skeleton with hydroxyl groups (Terai et 

al., 2000). GTX-III is the most toxic and the most similar compound to the main structure 

of GTXs (Wong et al., 2002). Several extraction methods like soxhlet, liquid-liquid 

extraction, column chromatography, prep-HPLC, have been used for isolation of the GTX-

III from plants (Zhou et al., 2012, Terai et al., 2000, Wong et al., 2002, Sakata et al., 1977, 

Tiedeken et al., 2014). However, honey sample extraction has been used only for detection 

of the GTX-III with solid phase extraction (SPE) and direct dilution (Kurtoglu et al., 2014; 

Kaplan et al., 2014; Silici et al., 2014; Sahin et al., 2015). Detection and identification of 

the GTX-III was done by various methods, for example, TLC, GC, HPLC (RID), LC-MS, 

GC-MS, NMR (Terai et al., 2000; Wong et al., 2002; Holstege et al., 2000; Meguri et al., 

1993; Nishida et al., 1990; Holstege et al., 2001; Masutani et al., 1979). GTX-III has been 

examined quantitatively with LC-MS analysis in rumen content, feces, urine, RP plant, 

‘‘mad honey’’, and blood sample (Kurtoglu et al., 2014; Tiedeken et al., 2014; Holstege et 
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al., 2001; Hough et al., 2010; Cho et al., 2014).  

GTX-III and GTX-III glycosides were extracted from RP and mad honey samples and 

GTX-III was detected with Diode Array Detector (DAD) at 204 nm wavelength in this 

work. Isolation of GTX-III was done with prep-HPLC from RP extract and identification 

was done by using DAD coupled HPLC, NMR and LC-MS analysis. 

 

2. Materials and Methods 

2.1 Reagents and solutions 

HPLC grade water and methanol (Sigma Aldrich) were used. Ethanol, chloroform, ethyl 

acetate, and acetone chemicals were obtained from Merck Chemical Co. 

2.2 Apparatus 

Vacuum filtration apparatus (Sartorius), SPE cartridge (Sep-Pak), 0,22 μm filter (Ministar), 

0,45 μm filter (Millex), centrifuge (Hettich 31, Rotina 38 R), rotary evaporator (Heidolph, 

Hei- VAP) were used. 

2.3 Plant materials and honey samples 

The flowers and leaves of the forest roses (Family: Ericaceae, Species: Rhododendron 

ponticum L.) were picked up at 1300 m height of Topuk plateau of the Bolu mountain in 

the city of Düzce, in Turkey. Mad honey samples were gathered in the same area as forest 

rose samples were received.   

2.4 Extraction of plant and mad honey 

2.4.1 Extraction of the leaves and flowers of the forest rose  

The leaves and flower samples were dried at room conditions for three or four weeks, then 

they were milled to size of 1 mm. The extraction processes both for leaves and flowers 

were carried out according to Terai’s report (Terai et al., 2000). Separately, 28 g of the 

leaves and flower powder was mixed with 280 mL of methanol for 30 min then centrifuged 
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at 2000 rpm for 5 min.  Activated carbon was added into the supernatant at 50 ˚C then the 

supernatant was filtered. The liquid part of filtrate was evaporated at 1000 rpm, at 40 ˚C 

and then the residue was extracted with 150 mL of chloroform. The chloroform layer was 

evaporated at 200 rpm, at 40 ˚C with a rotary evaporator.  The red colored residue was 

dissolved in 100 mL of ethyl acetate and applied activated carbon while boiling. The 

solution was filtered and evaporated at the room conditions for crystallization. 

2.4.2 Extraction of mad honey 

Extraction of honey samples was carried out according to Kurtoglu’s method (Kurtoglu et 

al., 2014). 100 gr of mad honey was dissolved in 100 mL of water and 500 mL of ethanol 

was added. The solution was centrifuged at 3000 rpm for 5 min. The supernatant was 

filtered through 0.22 um filter with vacuum filtration (1st filtrate). The first filtrate was 

mixed with 500 mL of ethanol and was centrifuged at 3000 rpm for 5 min., then was filtered 

through 0.22 um filter with vacuum filtration (2nd filtrate). The second filtrate was mixed 

with 500 mL of ethanol and was centrifuged at 3000 rpm for 5 min., then was filtered 

through 0.22 um filter with vacuum filtration (3th filtrate). The last filtrate was passed 

through the SPE cartridge that was conditioned with 2x5 mL ethanol and 2x5 mL water. 

The SPE cartridge was washed with 5 mL of acetone/water (20:80). Finally, the compounds 

that trapped in the cartridge were removed with 6 mL of methanol. The filtrate was dried 

at 40 ±5 oC under argon gas. The residue was dissolved in 12 mL of ethanol. Afterwards 

the solution was centrifuged at 3000 rpm for 5 min and the supernatant was stored at + 4 

oC.  

2.5 High performance liquid chromatography (HPLC) analysis of forest rose and mad 

honey extracts 

The extraction samples of leaves and flowers of the forest rose and mad honey were 

analyzed by HPLC. The HPLC method described by Meguri was used with some 

modifications (Meguri et al., 1993). HPLC system was coupled with Shimadzu LC-10AT 

quaternary pump, SLC-10A VP system collector, SIL-20 HT Auto Sampler, SPD-M20A 



 

 

5 

 

Diode Array Detector (Shimadzu Corporation, Kyoto, Japan), RID-10A Refractive Index 

Detector (Shimadzu Corporation, Kyoto, Japan), CTO-10AS VP Oven, FRC-10A Fraction 

Collector and C18 column.  

2.5.1 HPLC analysis of leaves and flowers extract 

The conditions of HPLC analysis of leaves and flower extracts are following, Detector: 

DAD, Wavelength: 204 nm, Mobile phase: Methanol / Water (Gradient), Flow rate: 0.7 

mL/min, Oven temperature: 25 C, gradient conditions of leaves and flower extracts were 

given in Table 1. 

2.5.2 HPLC analysis of mad honey extract 

The conditions of HPLC analysis of mad honey extracts are following, Detector: RID, 

Mobile phase: Methanol / Water (Gradient), Flow rate: 0.7 mL/min, Oven temperature: 25 

C, Gradient conditions of mad honey extract analysis was given in Table 1. 

2.6 Identification of molecular structure of GTX-III by LC-MS and NMR methods 

Identification of molecular structure of GTX-III from leaf extract by LC-MS method 

Flowers, leaves, mad honey extracts and one of the HPLC fractions of a leaf extract (peak 

3) were analyzed by LC-MS (Thermo Scientific, TSQ Quantum Access MAX) in the 

FABAL laboratory at the Pharmacy Faculty of Ege University. The samples were given by 

direct injection and ionized by electron spray ionization. Mass analyzer was Quadrupole. 

Scanning mode was Q1MS and scanning interval was between 300-500 (m/z) and 300-900 

(m/z) for extracts (leaves, flower and honey) and peak 3, respectively. Instrument method 

parameters were following; liquid flow rate: 200 uL/min., sheath gas pressure: 35 psi, 

auxiliary gas flow (Arbitrary units): 10, spray voltage: 3000 V, ion transfer tube 

temperature: 280 ºC, injection volume: 10 uL, flash volume: 400 uL, flush speed: 100 uL/s, 

syringe speed: 8 uL/s, Injection mode: partially loop, tray temperature: 10 C, typical 

nitrogen consumption: 8 L/min. 
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2.7 Identification of molecular structure of GTX-III from mad honey by NMR method  

Mad honey extracts were analyzed by 13C and 1H NMR (Varian mercury 400 MHz 

Spectrometer) at the Chemistry Department of Science Faculty of Atatürk University in 

Erzurum. The samples were analyzed overnight mode in methanol.  ACD software was 

used to obtain the theoretical NMR spectra of GTX III for comparing experimental results. 

 

3. Results and Discussion 

The main ion of GTX III, which corresponding to m/z 370 was observed in LC-MS spectra 

of the leaf extracts (Fig 1). HPLC chromatogram belongs to fractions of the leaf extracts 

was presented in Fig 2. Main ion of GTX III was obtained from peak 3 by 100% relative 

absorbance and possible fragments of GTX III compounds were also detected (Fig. 3).  

Comparison of theoretical fragments of GTX III with experimental results in m/z values 

has shown in Table 2.  

In the LC-MS analysis of the flower extract, main ion of GTX III (m/z 370) was observed 

(Fig. 4). Similar LC-MS spectra were obtained from the leaves and flower extracts (Fig.1 

and Fig.5). And also the same extraction procedure was carried out to the leaves and flower 

samples. Thus GTX III was isolated with HPLC analysis of flower extracts with reference 

to peak 3 of leaf extract by overlapping the peaks with HPLC analysis (Fig 5).  

The main ion of GTX III (at m/z 370) was determined in the mad honey extract (Fig 6). 

Besides, HPLC analyses of mad honey exhibited single main peak with small amount of 

impurity in the RID detector (Fig 7). RID has been used widely for the determination of 

many kinds of sugars (Karkacier et al., 2003; Victorita et al., 2008; Delgado et al., 2015). 

Furthermore 13C NMR and 1H NMR spectra of mad honey extract were overlapping with 

the theoretical NMR spectra of GTX III (Table 3, Fig.8). Both NMR spectra and (m/z 370) 

peak in the LC-MS assumed that this compound may be a GTX-III-glycoside. 

Because of different parameters and conditions, the main peak and fragment ions can be 
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varied for each LC-MS study of the GTX-III (Table 4) (Kurtoglu et al., 2014; Kaplan et al., 

2014; Tiedeken et al., 2014; Silici et al., 2014; Holstege et al., 2001; Hough et al., 2010; 

Cho et al., 2014; Michie et al., 2011; These et al., 2015).  

In the previous studies, GTX-III was determined by in the rumen contents, homemade wine, 

feces and urine by LC-MS/MS analysis (Hwang et al., 2018; Cho et al., 2014; Holstege 

et al., 2001). The main ion was determined at m/z 335 with MS and fragmentation ion at 

m/z 299 with MS/MS. However, fragmented ions also determined in the MS spectra. In 

this study a pure GTX-III standard have been used (Holstege et al., 2000). Other studies 

were done for determination of the GTX-III in a compost of Rhododendron ponticum. 

GTX-III was determined at m/z 393.22 as sodium adduct. The standard GTX-III hemi 

(ethyl acetate) which has 414.53 g/mol of Mw, was supplied from Sigma Aldrich Company 

(Hough et al., 2010; Michie et al., 2011). Tiedeken et al. has determined GTX-III in honey 

samples and GTX-III was determined at m/z 415.3 with negative ion mode by using a 

commercial standard of the GTX-III from the same company (Tiedeken et al., 2014). In 

another study GTX-III was determined at m/z 369 with the negative ion mode in the blood 

sample by using the similar commercial standard of the GTX-III (Silici et al., 2014). Cho 

et al. developed an LC-MS method for determination GTX-III in the blood sample. They 

determined at m/z 335 as base ion and fragments were at m/z 299 by using Sigma- Aldrich 

GTX-III standard (Cho et al., 2014). Kurtoglu et al. examined mad honey and determined 

the main ion of the GTX-III at m/z 335 and fragmentation at m/z 315 (Kurtoglu et al., 2014). 

Kaplan et al., determined GTX-III in honey samples. Main ion was at m/z 335 and 

fragments were at m/z 316, m/z 299 and m/z 91(Kaplan et al., 2014). Sahin et al., 

determined GTX-III in a honey sample by using the negative ion mode. The main ion was 

at m/z 369 and fragments were at m/z 315, m/z 297 and m/z 279 by using same standard 

(Sahin et al., 2015). 
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4. Conclusions 

GTX III compounds were isolated from the leaves and flowers of Rhodendron ponticum 

L., and detected with HPLC and LC-MS analysis with HPLC-DAD system.  In the LC-

MS studies, the main ion of the GTX-III that was determined in the leaves and flowers of 

Rhododendron Ponticum was also determined in honey samples, which was collected from 

the same region with the plants. These results indicate that GTX-III can be transferred to 

honey from Rhododendron Ponticum plant. As a conclusion, because of the toxicity of the 

GTX-III compound the honey from these regions should be carefully consumed. 
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Table legends: 

Table 1. HPLC gradient conditions of leaf, flower and mad honey extracts 

Table 2. Comparison of theoretical and detected GTX III fragments for LC-MS 

Table 3. Comparison of mad honey extract NMR results to theoretical NMR of GTX III 

Table 4. Different LC-MS and LC-MS/MS studies of GTX-III 

Figure Legends: 

Figure 1. LC-MS spectra of the leaf extract. 

Figure 2. HPLC analysis of leaf extract, 204 nm. 

Figure 3. LC-MS analysis of peak 3 (Fig. 2) 

Figure 4. LC-MS spectra of flower extract. 

Figure 5. HPLC analysis of mad honey extract 

Figure 6. HPLC analysis of flower extract and isolated peak 3 

Figure 5. LC-MS spectra of flower extract. 

Figure 8. Chemical structure of GTX-III (ACD software)  

 

Table 5. HPLC gradient conditions of leaf, flower and mad honey extracts 

 

 

 

 

 

 

% A 

(methanol)
% B (Water)

% A 

(methanol)
% B (Water)

% A 

(methanol)
% B (Water)

0 34 66 0 34 66 0 34 66

11 53 47 11 53 47 11 53 47

19 70 30 14 100 0 13 100 0

22 100 0 22 100 0 21 100 0

33 100 0 24 40 60

35 40 60

Gradient condition of flower extract

Mobile phase composition 

(% V-V)
Time 

program 

(min)

Time 

program 

(min)

Time 

program 

(min)

Gradient condition of mad honey extract

Mobile phase composition   

(% V-V)

Mobile phase composition                   

(% V-V)

Gradient condition of leaf extract
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Table 2 Comparison of theoretical and detected GTX III fragments for LC-MS 

 

Fragmentation 

products 
Therotical GTX-III 

% Relative  

Abundance 

M 370,48 370,02 100 

MH+Na 394,48 394,89 48 

MH-CH3 356,48 356,33 42 

M-OH 353,48 352,84 35 

M-OH-CH3 338,48 338,92 15 

M-2OH-CH3 321,48 321,62 15 

 

Table 3 Comparison of mad honey extract NMR results to theoretical NMR of GTX III 

 

 

 

 

1 C 47,5 51,8 3 1 3,48 3,48

2 C 84,3 84,6 5 1 1,70 1,80

3 CH 47,8 51,7 7 1 3,99 3,96

4 C 79,0 78,1 8 1 2,14 2,27

5 CH 57,1 55,2 9<''> 1 2,65 2,66

6 C 48,0 52,6 9<'> 1 1,69 1,67

7 CH 82,1 79,5 10<''> 1 1,71 1,72

8 CH 57,1 56,4 10<'> 1 0,94 0,94

9 CH2 27,1 27,0 11 1 3,82 3,82

10 CH2 17,1 16,0 12<''> 1 2,65 2,58

11 CH 82,1 82,6 12<'> 1 2,65 2,55

12 CH2 31,8 35,8 13 1 4,03 4,03

13 CH 73,6 74,2 14<''> 1 2,14 2,19

14 CH2 47,5 44,4 14<'> 1 1,73 1,73

15 CH2 61,5 60,4 15<''> 1 2,02 2,03

16 C 83,0 79,7 15<'> 1 1,73 1,77

17 3 1,15 1,11
18 3 1,58 1,56

21 CH3 25,5 28,3 21 3 1,73 1,83
25 CH3 23,7 23,9 25 3 1,47 1,49

1H-NMR	13C-NMR	

19,20,22,

23,24,26
3,77 3,76

17 CH3 22,5 21,5

18 CH3 22,5 21,5 6

13C	

No.

Experi-

mental

Theore-

tical
CHn

Experi-

mental

Theore-

tical
	Group	 nH
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Table 4 Different LC-MS and LC-MS/MS studies of GTX-III 
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Figure 6. LC-MS spectra of the leaf extract. 
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Figure 7. HPLC analysis of leaf extract, 204 nm. 

 

 



 

 

17 

 

 

Figure 8. LC-MS analysis of peak 3 (Fig. 2) 
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Figure 9. LC-MS spectra of flower extract. 

 

 



 

 

19 

 

 

Figure 5. HPLC analysis of mad honey extract 
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Figure 6. HPLC analysis of flower extract and isolated peak 3 

 

 

Figure 10. LC-MS spectra of flower extract. 
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Figure 8. Chemical structure of GTX-III (ACD software)  

 

 

 


