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Abstract: An efficient preparative procedure for the separation of four antibacterial diterpenes from 

a Salvia prattii crude diterpenes-rich sample was developed. Firstly, the XION hydrophilic stationary 

phase was chosen to separate the antibacterial crude diterpenes-rich sample (18.0 g) into three 

fractions with a recovery of 46.1%. Then, the antibacterial fractions I (200 mg), II (200 mg), and III 

(150 g) were separated by the Megress C18 preparative column, and compounds tanshinone IIA 

(80.0 mg), salvinolone (62.0 mg), cryptotanshinone (70.0 mg), and ferruginol (68.0 mg) were 

produced with purities greater than 98%. The procedure achieved large-scale preparation of the 

four diterpenes with high purity, and it could act as a reference for the efficient preparation of active 

diterpenes from other plant extracts. 

Keywords: Salvia prattii; antibacterial diterpenes; hydrophilic solid-phase extraction; preparative 

high-performance liquid chromatography 

 

1. Introduction 

Salvia prattii (S. prattii), acknowledged as an alternative for Salvia miltiorrhiza, is extensively 

utilized in traditional Tibetan medicine. Previous chemical investigations have proved that Salvia 

species possess two main classes of biologically active substances: phenylpropanoids and diterpenes 

[1–3]. Diterpenes, the principal active constituents of other Salvia plants, have numerous 

pharmacological functions, including antibacterial [4], anti-inflammatory [5], and anticancer 

activities [6,7]. In our preliminary experiment, the crude diterpenes-rich sample of S. prattii displayed 

considerable antibacterial activity against Staphylococcus aureus (MIC: 125 μg/mL), Pseudomonas 

aeruginosa (MIC: 125 μg/mL), and Acinetobacter baumannii (MIC: 250 μg/mL). To identify the main 

antibacterial constituents of the sample, it is desirable to obtain the diterpenes in adequate purity and 
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quantity. Thus, the objective of this work is to develop an efficient process for the purification of 

diterpenes from the diterpenes-rich sample of S. prattii. 

To date, the separation of diterpenes from Salvia plants depends on gel and silica gel open 

column chromatography [8,9]. However, such methods have numerous drawbacks, such as low 

yields, being time-consuming, producing a large quantity of solvent waste, and non-suitability for 

large-scale industrial production. In recent times, high-speed counter-current chromatography, a 

liquid-liquid chromatographic method, was proposed for the isolation of diterpenes from Salvia 

plants [10–12]. Even though this technique offers high-separation efficiency, it requires several hours, 

rather than minutes needed for preparative high-performance liquid chromatography (prep-HPLC). 

Prep-HPLC, is considered as an efficient technique for the separation and purification of 

phenols, coumarins, flavonoids, and glycosides from intricate mixtures like traditional Tibetan 

medicines [13–15]. It is preferred over other chromatography methods, owing to higher efficiency, 

greater resolution, and better reproducibility through online monitoring and automatic control [16–

18]. Consequently, prep-HPLC has been drawing ever-increasing attention from phytochemists and 

the pharma industry. However, a crude extract cannot be directly subjected to prep-HPLC separation; 

other separation techniques are usually required for enrichment of the main compounds of the crude 

extract. Hydrophilic interaction liquid chromatography solid-phase extraction (HILIC-SPE), which 

employs stationary phases with polar functional groups bonded to silica gel surface, has been 

extensively used to enrich compounds of interest from natural products due to its applicability, ease 

of use and regeneration, as well as complementary selectivity to reversed-phase liquid 

chromatography [19]. A few studies reported the separation of diterpenes from S. miltiorrhiza using 

high-speed counter-current chromatography [20–22], but no reports mentioned the separation of 

diterpenes by a combination of HILIC-SPE and prep-HPLC. Hence, this study aimed to develop a 

valuable protocol for the purification of four antibacterial diterpenes from a diterpenes-rich S. prattii 

crude sample. The developed protocol succeeded in achieving large-scale preparation of four highly 

pure diterpenes from the crude sample of S. prattii, paving way for the potential development of 

antibacterial drugs. 

2. Experimental 

2.1. Apparatus 

The prep-HPLC experiment was performed on a Hanbon DAC-50 prep-HPLC system (Hanbon 

Science & Technology Co., Ltd., Huai’an, China). The system consisted of a DAC-50 Megress C18 

dynamic axial compression column, two prep-HPLC NP7000 pumps, a sample loop of 20.0 mL, a 

DM-A Dynamic Mixer, a NU3000 UV/Vis detector and an EasyChrom workstation. 

The HPLC analysis was carried out on an Agilent 1200 instrument (Agilent Technologies Co., 

Ltd., Santa Clara, CA, USA) consisting of a G1311A pump, a G1315D UV/Vis detector, a G1316A 

thermostat, an autosampler and an Agilent workstation. ESI-MS spectra were recorded on an API 

2000 mass spectrometer (AB SCIEX, Milwaukee, WI, USA). The NMR spectra were recorded on 

Bruker Avance 600 MHz (Bruker, Karlsruhe, Germany) spectrometer using tetramethylsilane (TMS) 

as the internal standard. 

2.2. Reagents and Stationary Phases 

Analytical grade 95% ethanol, n-hexane, ethanol, and methanol utilized for the sample 

extraction, as well as HILIC-SPE and prep-HPLC were ordered from the Tianjin Chemical Factory 

(Tianjin, China). Chromatographic grade n-hexane, ethanol, methanol and acetonitrile employed for 

the HPLC analysis were bought from Concord Chemical Ltd. (Tianjin, China). Water was purified 

through a PAT-125 laboratory ultrapure water system from Chengdu ultra Tech (Chengdu, China). 

The XION (40–60 μm) and Megress C18 (10 μm) stationary phases were purchased from 

Acchrom Technologies Co., Ltd. (Beijing, China) and Hanbon Science & Technology Co., Ltd. 

(Huai’an, China), respectively. The XION (250 mm × 4.6 mm, 40–60 μm) and Megress C18 (250 mm × 

4.6 mm, 10 μm) analytical columns were obtained from Acchrom (Beijing, China) and Hanbon 
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Science & Technology Co., Ltd. (Huai’an, China), respectively. Silica gel (250 mm × 4.6 mm, 40–60 

μm) and XAqua C3 (250 mm × 4.6 mm, 5 μm) analytical columns were obtained from Acchrom 

(Beijing, China). 

2.3. Preparation of the Crude Sample 

The roots of S. prattii have been obtained from Yushu in Qinghai province, China (September 

2016) and authenticated by Prof. Li-Juan Mei of the Northwest Institute of Plateau Biology, Chinese 

Academy of Sciences. A sample (NWIPB-SPH-2016-11-14) was handed over to Qinghai-Tibetan 

Plateau Museum of Biology (QPMB). The dried and milled samples (1.2 kg) were extracted thrice for 

2 days using 95% ethanol (12.0 L for each extraction) at room temperature. The extracts were 

combined (36.0 L) and concentrated at 60 °C using a rotary evaporator. The partially dried 

concentrate (approximately 0.5 L) was suspended in distilled water (2.0 L); the suspension was 

subsequently loaded onto a preprocessed middle chromatogram isolated gel (MCI) column (10 cm × 

100 cm, 2 kg), washed with 40% ethanol (12 L), eluted with of 80% ethanol (12 L) and further dried to 

yield 18.0 g of crude diterpenes-rich sample for ensuing HILIC-SPE pre-separation. 

2.4. HILIC-SPE Pre-Separation 

The crude diterpenes-rich sample was dissolved in methanol, mixed with polyamide and dried 

using a rotary evaporator. Afterwards, the solid mixture was loaded onto a XION solid-phase 

extraction medium-pressure column (300 mm × 50 mm, containing 297.7 g solid-phase XION) and 

eluted with four column volumes of n-hexane/ethanol (20:0, 19:1, 18:2, 16:4 and 14:6 v/v), successively. 

The eluent from the HILIC-SPE column was collected in 100 mL fractions and analyzed by HPLC using 

a XION (250 mm × 4.6 mm, 40–60 μm) analytical column. The eluents with the same composition were 

collected and combined according to the HPLC analysis. Finally, the fractions eluted with n-

hexane/ethanol 16:4 and 14:6 v/v gave fraction I (2.8 g), fraction II (3.4 g), and fraction III (2.1 g), 

respectively. The three fractions were stored in a refrigerator for subsequent preparative separation. 

2.5. Antibacterial Activity 

Staphylococcus aureus (ATCC 25923), Pseudomonas aeruginosa (ATCC 27853), and Acinetobacter 

baumannii (obtained from the People’s Liberation Army (PLA) General Hospital) were used as the 

instruction strains for the antibacterial activity assay. Mueller-Hinton broth was used to culture 

bacteria and an increase in optical density at 600 nm was used to monitor growth. The two-fold serial 

dilutions of the active extracts and diterpenes (dissolved in dimethyl sulfoxide, DMSO) were added 

into the sensitive strains, respectively. The minimum inhibitory concentration (MIC), defined as the 

lowest concentration of the active extracts and diterpenes needed to inhibit the growth of the sensitive 

strains, was observed following incubation at 30 °C for 18 h according to the Clinical and Laboratory 

Standards Institute (CLSI, Wayne, PA, USA, 2008). The mid-exponential broth of sensitive strains 

treated without the extracts, diterpenes and DMSO were considered as the negative control. The 

growth of only DMSO-treated sensitive strains was monitored to eliminate the effect of DMSO. The 

mid-exponential broth of sensitive strains treated with the antibiotic cefotaxime and vancomycin (1.0 

mg/mL) were used as positive controls. 

2.6. Purification of the Main Diterpenes by Prep-HPLC 

The purification of diterpenes was performed on a Hanbon DAC-50 prep-HPLC system. 

Fractions I, II and III were dissolved in methanol and injected onto a DAC-50 dynamic axial 

compression column containing the Megress C18 stationary phase (flow rate: 60 mL/min; injection 

volume: 5.0 mL). The mobile phases consisted of 0.2% v/v formic acid in water and 0.2% v/v formic 

acid in methanol at different ratios (15:85 for fraction I, 20:80 for fractions II and III). The effluent was 

analyzed using a UV/Vis detector at 254 nm and was manually obtained based on the 

chromatograms. The collected fractions were subsequently evaporated to dryness in reduced 

pressure at 60 °C. 



Molecules 2018, 22, 623 4 of 12 

 

2.7. HPLC Analysis and Identification of the Separated Diterpenes 

HPLC analysis of the separated diterpenes was carried out at 25 °C, on a XAqua C3-column 

(flow rate: 1.0 mL/min) and the chromatogram was recorded at 254 nm. Water and methanol were 

the mobile phases A and B, respectively. The gradient elution steps were as follows: 0–30 min, 75–

85% B. 

The chemical structures of the separated diterpenes were established by UV, Mass, 1H-NMR and 
13C-NMR spectrometry. The UV spectra were recorded using the DAD detector of the Agilent 1200 

system. ESI-MS spectra were recorded on an API 2000 mass spectrometer in positive ion mode, 

whereas NMR spectra were recorded on a Bruker Avance III 600 MHz spectrometer. 

3. Results and Discussion 

3.1. HILIC-SPE Column Chromatography Fractionation and Antibacterial Activity Screening 

To simplify the development of the reversed-phase prep-HPLC method and to improve the life-

span of the reversed-phase stationary phase, the crude diterpenes-rich extract with complex 

composition usually requires pretreatment. To select an appropriate pretreatment, two 

chromatographic stationary phases i.e., the bare silica gel and the XION stationary phases, in three 

separation modes were tested for the separation of the crude extract; the representative separation 

chromatograms are shown in Figure 1. As observed in Figure 1A,B, the main diterpenes had inferior 

resolution on the bare silica gel stationary phase compared to that on the XION stationary phase 

under the same elution conditions (n-hexane/ethanol solvent system). The main diterpenes showed 

weak retention on the XION stationary phase with the mobile phases of 0.2% v/v formic acid in 

acetonitrile and in water (Figure 1C). According to the manufacturer, XION is a cysteine-bond silica 

gel stationary phase, and cysteine is a polar group, which gives the XION stationary phase the 

retention behavior of normal-phase chromatography and hydrophilic interaction chromatography 

[23,24]. Thus, the XION stationary phase should be employed for sample pretreatment under the 

normal-phase mode due to the favorable separation profile (Figure 1B). 

An analytical column (250 mm × 4.6 mm, 40–60 μm) for hydrophilic interaction chromatography 

is usually packed with 2.1 g of stationary phase (ρ was approximately 0.5 g/mm3 under the conditions 

of high pressure), and one column volume is 2.1 mL (one column volume: weight of the stationary 

phase = 1 mL:1 g). The calculations used the following equation:  
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where ρA and ρP are stationary phase packing densities of the analytical column and HILIC-SPE 

column (under the conditions of high pressure, ρA = ρP), respectively; RA and RP are the diameters of 

the analytical column (4.6 mm) and HILIC-SPE column (50 mm), respectively; HA and HP are the 

column lengths of the analytical column (250 mm) and HILIC-SPE column (actual packing length 

was 300 mm), respectively; similarly, mA and mP are stationary phase weights of the analytical 

column and the HILIC-SPE column, respectively. For the same stationary phase, the packing density 

in the analytical column and HILIC-SPE column was uniform under the conditions of high pressure. 

Thus, the above equation could be simplified as: 
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The calculations showed that the HILIC-SPE column (300 mm × 50 mm, 40–60 μm) should be 

packed with 297.7 g of stationary phase, and one column volume is 297.7 mL. Therefore, the sample 

loaded onto the XION solid-phase extraction column was eluted with 1190.8 mL (four column 

volumes) of n-hexane/ethanol (20:0, 19:1, 18:2, 16:4, and 14:6 v/v, successively); the same gradient 

elution was used for the XION analytical column and HILIC-SPE column. The HPLC analysis results 

revealed that the diterpene fractions were mainly present in the eluates of the 16:4 and 14:6 v/v n-

hexane/ethanol. Figure 2 shows the target fractions I (Figure 2A), II (Figure 2B), and III (Figure 2C). 
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By comparing the Figures 1 and 2, it could be seen that the diterpenes were divided into three groups 

(fractions I, II and III) with the n-hexane/ethanol mobile phase on the XION stationary phase. 

Following the HILIC-SPE column chromatography, 2.8 g of fraction I, 3.4 g of fraction II, and 2.1 g of 

fraction III were obtained from 18.0 g of the antibacterial crude diterpenes-rich sample. 

The antibacterial activities (MIC in μg/mL) of the tested fractions I–III are shown in Table 1. 

Fractions I–III displayed higher antimicrobial activity compared to the crude diterpenes-rich sample 

against Staphylococcus aureus, Pseudomonas aeruginosa, and Acinetobacter baumannii. Therefore, it is of 

interest to identify the antibacterial compounds from the bioactive fractions I, II, and III through 

further separation. 

Table 1. Antimicrobial activity of the crude diterpene-rich sample, fractions and, compounds (MIC 

in μg/mL). 

Bacteria     Cf 

Crude diterpene-rich sample 

Staphylococcus aureus 125    0.5 

Pseudomonas aeruginosa 125    7.5 

Acinetobacter baumannii 250    12.5 

Fractions I, II and III 

 I II III   

Staphylococcus aureus 100 125 50  0.5 

Pseudomonas aeruginosa 100 150 50  7.5 

Acinetobacter baumannii 150 150 50  12.5 

Compounds 

 1 2 3 4  

Staphylococcus aureus 25 30 25 10 0.5 

Pseudomonas aeruginosa 20 50 30 15 7.5 

Acinetobacter baumannii 25 50 25 15 12.5 

(1) tanshinone IIA; (2) salvinolone; (3) cryptotanshinone; (4) ferruginol. Cf: Vancomycin for 

Staphylococcus aureus; cefotaxime for Pseudomonas aeruginosa and Acinetobacter baumannii. 
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Figure 1. Representative analytical chromatograms of S. prattii crude extract on a silica analytical column (A) and XION analytical column (B,C). The conditions of 

(A,B) were the same: mobile phase A: n-hexane, and mobile phase B: ethanol; gradient: 0–8.4 min, 0% B; 8.4–16.8 min, 5%~5% B; 16.8–25.2 min, 10%~10% B; 25.2–

33.6 min, 20%~20% B; 33.6–42 min, 30%~30% B. Conditions of (C): mobile phase A: 0.2% v/v formic acid in acetonitrile, and mobile phase B: 0.2% v/v formic acid in 

water; gradient: 0–10 min, 0%~0% B; 10~56 min, 0%~95% B. The other conditions were the same: monitoring wavelength: 254 nm; flow rate: 1 mL/min; injection 

volume: 10 μL; column temperature: 25 °C. 

 

Figure 2. The analytical chromatograms of target fractions I (A), II (B) and III (C) on a XION analytical column. Conditions of (A), (B), and (C): mobile phase A: n-

hexane, and mobile phase B: ethanol; gradient: 0–8.4 min, 0%~0% B; 8.4–16.8 min, 5%~5% B; 16.8–25.2 min, 10%~10% B; 25.2–33.6 min, 20%~20% B; 33.6–42 min, 

30%~30% B. Other conditions: monitoring wavelength: 254 nm; flow rate: 1 mL/min; injection volume: 10 μL; column temperature: 25 °C. 
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3.2. Purification of Diterpenes by Reversed-Phase Preparative High-Performance Liquid Chromatography 

To attain a good separation profile, the stationary phases used in the analytical HPLC and 

preparative liquid chromatography were the same. The elution conditions of fractions I, II, and III 

were standardized on the Megress C18 analytical column, whereas the linear magnifying 

methodology has been utilized to transform the analytical flow rate to the preparative level using the 

following equation: 

P
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F

F

R

R
  (3) 

where RA and RP are the diameters of the analytical column (4.6 mm) and preparative column (50 

mm), respectively. Similarly, FA and FP are the flow rates of the analytical column and preparative 

column, respectively. For convenience, the isocratic elution conditions of same sample solutions were 

optimized on the Megress C18 analytical column (250 mm × 4.6 mm, 10 μm) at a flow rate of 0.5 

mL/min (FA). The comparable flow rate in the Megress C18 preparative column (250 mm × 50 mm, 10 

μm) has been determined to be 59.1 mL/min (FP), hence, 60.0 mL/min was used for convenience. For 

the loading amount, a similar linear magnifying technology was employed with the equation: 
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For the same concentration (40.0 mg/mL for fractions I and II; 30.0 mg/mL for fraction III) of the 

sample solutions on the analytical and preparative columns, the equation could be simplified as: 
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V
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(5) 

where MA and MP are the loading amounts of the analytical and preparative columns, respectively. 

Similarly, VA and VP are the injection volumes of the analytical and preparative columns, respectively. 

The injection volumes (loading amount) of the analytical column and the preparative columns were 

10 μL (VA) and1181.5 μL (1.181 mL), respectively. However, this volume is too low to meet the 

requirements for the highly proficient preparation, and the preparative injection volume was larger 

but smaller than that of the sample loop (5.0 mL for fractions I, II, and III in actual operation). 

Under the optimized conditions, the separation chromatograms of fractions I–III on the 

analytical level and preparative level were shown in Figure 3. The optimized analytical (Figure 3A–

C) and preparative (Figure 3D–F) chromatographic profiles were similar, except for a slight increase 

in the retention times of peaks 1–4 on the prep-chromatograms. For peaks 2 and 3 (Figure 3B,E), the 

resolution on the analytical and preparative chromatograms were RSA = 2(Rt2 − Rt1)/(Wt2 + Wt1) = 2.55 

and RSP = 1.2, respectively, due to sample-overloading and the preparative column diffusion effect. 

The target compound chromatographic peaks were collected based on the UV absorption intensities 

considerably enhance the purity. Overall, 200.0 mg each of fractions I and II as well as 150.0 mg of 

fraction III were separated to obtain 80.0 mg of the peak 1 fraction, 62.0 mg of the peak 2 fraction, 70.0 

mg of the peak 3 fraction, and 68.0 mg of the peak 4 fraction with recoveries of 40.0%, 66.0%, and 

45.3%, respectively. 
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Figure 3. Analytical chromatograms of target fractions I (A), II (B), and III (C) on a Megress C18 analytical column and preparative chromatograms of target fractions 

I (D), II (E), and III (F) on a Megress C18 preparative column. The mobile phases for fractions I (A,D), II (B,E), and III (C,F) were the same: A: 0.2% v/v formic acid 

in water, and B: 0.2% v/v formic acid in methanol. Isocratic: 0–30 min, 85%~85% B for fraction I (A,D). Isocratic: 0–40 min, 80%~80% B for fraction II (B,E). Isocratic: 

0–50 min, 80%~80% B for fraction III (C,F). The other conditions were the same: monitoring wavelength: 254 nm; flow rate: 1 mL/min; injection volume: 10 μL; 

column temperature: room temperature. 
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The purities of the four isolated diterpenes were determined by HPLC on XAqua C3 analytical 

column (250 mm × 4.6 mm, 5 μm). The results are given in Figure 4: Figure 4A–D show that the 

compounds possess purity greater than 98% (98.6% for compound 1, 99.9% for compound 2, 99.1% 

for compound 3, and 99.7% for compound 4). The UV spectra of the four diterpenes are included in 

the insets of Figure 4 (Figure 4A1–D1); they were in accordance with those in previous publications 

[23–26]. In addition, the antibacterial activity of the four isolated diterpenes was also tested (Table 1): 

Compound 4 showed the strongest activity (MIC: 10–15 μg/mL) against Staphylococcus aureus, 

Pseudomonas aeruginosa, and Acinetobacter baumannii; whereas compounds 1–3 also displayed potent 

activity against the same species (MIC: 20–50 μg/mL). 

 

Figure 4. Purity analysis chromatograms (A–D) of the isolated compounds on an XAqua C3 analytical 

column and their UV spectra (A1–D1). Conditions: mobile phase A: water, and mobile phase B: 

methanol; gradient: 0–30 min, 75%~85% B. Other conditions: monitoring wavelength: 254 nm; flow 

rate: 1.0 mL/min; injection volume: 10 μL; column temperature: 25 °C. 

The chemical structures of the isolated diterpenes have been determined by ESI-MS, 1H-NMR, 

and 13C-NMR spectroscopy. By comparing the spectra of the compounds with literature data, we 

concluded that compounds 1–4 represent tanshinone IIA, salvinolone, cryptotanshinone, and 

ferruginol. The chemical structures of tanshinone IIA (compound 1), salvinolone (2), 

cryptotanshinone (3), and ferruginol (4) are shown in Figure 5 and the detailed data of the compounds 

are given below. 
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Figure 5. The chemical structures of tanshinone IIA (compound 1), salvinolone (2), cryptotanshinone 

(3), and ferruginol (4). 

Compound 1: Red powder, ESI-MS m/z: 295.3 [M + H]+. 1H-NMR (600 MHz, CDCl3): δ 7.63 (1H, d, J = 

8.1 Hz, H-6), 7.55 (1H, d, J = 8.1 Hz, H-7), 7.22 (1H, s, H-16), 3.18 (2H, t, J = 6.4 Hz, H-1), 2.26 (3H, s, 

H-17), 1.79 (2H, m, H-2), 1.66 (2H, m, H-3), 1.31 (6H, s, H-18, 19); 13C-NMR (151 MHz, CDCl3): 183.8 

(C-11), 175.9 (C-12), 161.9 (C-14), 150.3 (C-10), 144.6 (C-5), 141.4 (C-15), 133.6 (C-6), 127.6 (C-8), 126.6 

(C-9), 121.3 (C-16), 120.4 (C-7), 120.0 (C-13), 38.0 (C-3), 34.8 (C-4), 32.0 (C-18), 32.0 (C-19), 30.0 (C-1), 

19.3 (C-2), 9.0 (C-17). The ESI-MS, 1H-NMR and 13C-NMR data for compound 1 agree with the 

literature data reported for tanshinone IIA [25]. 

Compound 2: Red powder, ESI-MS m/z: 315.3 [M + H]+. 1H-NMR (600 MHz, CDCl3): δ 7.72 (1H, s, H-

14), 6.45 (1H, s, H-6), 3.28 (2H, m, H-15), 1.67 (3H, s, H-20), 1.36 (3H, s, H-18), 1.32 (3H, d, J = 6.5 Hz, 

H-17), 1.30 (3H, d, J = 6.5 Hz, H-16), 1.26 (3H, s, H-19); 13C-NMR (151 MHz, CDCl3): 185.8 (C-7), 175.2 

(C-5), 144.6 (C-12), 141.5 (C-11), 137.5 (C-9), 132.6 (C-13), 124.4 (C-6), 123.7 (C-8), 115.8 (C-14), 42.3 (C-

10), 40.5 (C-3), 38.3 (C-4), 34.5 (C-1), 33.3 (C-20), 29.6 (C-19), 27.6 (C-18), 25.1 (C-15), 22.8 (C-16), 22.6 

(C-17), 18.9 (C-2). The ESI-MS, 1H-NMR and 13C-NMR data for compound 2 agree with the literature 

data reported for salvinolone [26]. 

Compound 3: Orange powder, ESI-MS m/z: 297.4 [M + H]+. 1H-NMR (600 MHz, CDCl3): δ 7.63 (1H, d, 

J = 8.1 Hz, H-6), 7.49 (1H, d, J = 8.1 Hz, H-7), 4.88 (1H, t, J = 9.4 Hz, H-15), 4.36 (1H, dd, J = 9.2 and 6.0 

Hz, H-16), 3.21 (2H, t, J = 6.4 Hz, H-1), 1.78 (2H, m, H-2), 1.65 (2H, m, H-3), 1.35 (3H, d, J = 6.8 Hz, H-

17), 1.30 (6H, s, H-18, 19); 13C-NMR (151 MHz, CDCl3): 184.4 (C-11), 175.8 (C-12), 171.0 (C-14), 152.5 

(C-10), 143.8 (C-5), 132.7 (C-6), 128.5 (C-8), 126.3 (C-9), 122.6 (C-7), 118.4 (C-13), 81.6 (C-15), 37.9 (C-

3), 35.0 (C-4), 34.7 (C-16), 32.0 (C-18), 32.0 (C-19), 29.8 (C-1), 19.2 (C-2), 19.0 (C-17). The ESI-MS, 1H-

NMR and 13C-NMR data for compound 3 agree with the literature data reported for cryptotanshinone 

[27]. 

Compound 4: Yellow powder, ESI-MS m/z: 287.4 [M + H]+. 1H-NMR (600 MHz, CDCl3): δ 6.84 (1H, s, 

H-14), 6.63 (1H, s, H-10), 3.13 (1H, m, H-15), 2.87 (1H, dd, J = 16.6 and 6.6 Hz, H-7a), 2.77 (1H, m, H-

7b), 1.25 (3H, d, J = 7.4 Hz, H-17), 1.23 (3H, d, J = 7.2 Hz, H-16), 1.18 (1H, s, H-20), 0.95 (3H, s, H-19), 

0.93 (3H, s, H-18); 13C-NMR (151 MHz, CDCl3): 150.8 (C-12), 148.8 (C-9), 131.5 (C-13), 127.4 (C-8), 126.7 

(C-14), 111.1 (C-11), 50.5 (C-5), 41.8 (C-3), 39.0 (C-1), 37.6 (C-10), 33.6 (C-4), 33.5 (C-18), 29.9 (C-7), 26.9 

(C-15), 24.9 (C-20), 22.9 (C-17), 22.7 (C-16), 21.8 (C-19), 19.5 (C-2), 19.4 (C-6). The ESI-MS, 1H-NMR 

and 13C-NMR data for compound 4 agree with the literature data reported for ferruginol [28]. 

4. Concluding Remarks 

An efficient preparative procedure involving non-aqueous HILIC-SPE followed by prep-HPLC 

was developed for the preparation of antibacterial tanshinone IIA, salvinolone, cryptotanshinone, 

and ferruginol from a crude diterpenes-rich sample of the roots of S. prattii. Initially, HILIC-SPE was 

used to separate 18.0 g of crude diterpenes-rich sample into three fractions (2.8 g of fraction I, 3.4 g of 

fraction II, and 2.1 g of fraction III). Then, a DAC-50 prep-HPLC column containing Megress C18 

stationary phase was used to isolate the diterpenes from the three fractions. The separation of each 

fraction on the Megress C18 was performed by optimizing the separation conditions on the Megress 

C18 analytical column and transforming the conditions to a Megress C18 preparative column. The 
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coeluted diterpenes from the HILIC-SPE stationary phase were separated at large-scale sample 

amounts on the Megress C18 reversed stationary phase, brought about by the diverse sample 

separation mechanisms of both the stationary phases. Owing to the different selectivities and the 

optimized collection mode, 80.0 mg of tanshinone IIA, 62.0 mg of salvinolone, 70.0 mg of 

cryptotanshinone, and 68.0 mg of ferruginol at greater than 98% purity were prepared from 200.0 mg 

each of fractions I and II as well as 150.0 mg of fraction III with a single preparation. The purified 

diterpenes were identified as tanshinone IIA, salvinolone, cryptotanshinone, and ferruginol by UV, 

Mass, and NMR spectroscopy. Therefore, the present work offers an excellent protocol for the 

preparation of active diterpenes from plant sources. 

Acknowledgements: The authors gratefully acknowledge the financial support by the High and New 

Technology Research and Development Planning, Significant Science & Technological Project of Qinghai 

Province (2014-GX-A3A), the Natural Science Funds of Qinghai Province (2016-ZJ-933Q), the Project of 

Discovery, Evaluation and Transformation of Active Natural Compounds, Strategic Biological Resources Service 

Network Programme of Chinese Academy of Sciences (ZSTH-027), the West Light Foundation of the Chinese 

Academy of Sciences for Doctors (2014) and the Youth Innovation Promotion Association of Chinese Academy 

of Sciences (2017471). 

Author Contributions: Yanduo Tao and Yun Shao conceived and designed the research framework; Lijuan Mei 

and Zenggen Liu prepared the plant sample; Jun Dang, Yulei Cui, Jinjin Pei, Huilan Yue, Weidong Wang, Lijin 

Jiao, Qilan Wang performed the experiments; Jun Dang wrote the paper; Huilan Yue and Zenggen Liu made 

revisions to the final manuscript. All authors have read and approved the final manuscript. 

Conflicts of Interests: The authors declare no conflict of interest. 

References 

1. AI-Qudah, M.A.; AI-Jaber, H.I.; Abu Zarga, M.H.; Abu Orabi, S.T. Flavonoid and phenolic compounds 

from Salvia palaestina L. growing wild in Jordan and their antioxidant activities. Phytochemistry 2014, 99, 

115–120. 

2. Wang, Z.B.; Cao, B.C.; Yu, A.M.; Zhang, H.Q.; Qiu, F.P. Ultrasound-assisted ionic liquid-based 

homogeneous liquid-liquid microextraction high-performance liquid chromatography for determination 

of tanshinones in Salvia miltiorrhiza Bge. root. J. Pharm. Biomed. Anal. 2015, 104, 97–104. 

3. Dang, J.; Shao, Y.; Zhao, J.Q.; Mei, L.J.; Tao, Y.D.; Wang, Q.L.; Zhang, L. Two-dimensional hydrophilic 

interaction chromatography × reversed-phase liquid chromatography for the preparative isolation of 

potential anti-hepatitis phenylpropanoids from Salvia prattii. J. Sep. Sci. 2016, 39, 3327–3332. 

4. Yang, Z.X.; Kitano, Y.; Chiba, K.; Shibata, N.; Kurokawa, H.; Doi, Y.; Arakawa, Y.; Tada, M. Synthesis of 

variously oxidized abietane diterpenes and their antibacterial activities against MRSA and VRE. Bioorg. 

Med. Chem. 2001, 9, 347–356. 

5. Theoduloz, C.; Delporte, C.; Valenzuela-Barra, G.; Silva, X.; Cadiz, S.; Bustamante, F.; Pertino, M.W.; 

Schmeda-Hirschmann, G. Topical anti-inflammatory activity of new hybrid molecules of terpenes and 

synthetic drugs. Molecules 2015, 20, 11219–11235. 

6. Chen, W.X.; Liu, L.; Luo, Y.; Odaka, Y.; Awate, S.; Zhou, H.Y.; Shen, T.; Zheng, S.Z.; Lu, Y.; Huang, S.L. 

Cryptotanshinone activates p38/JNK and inhibits Erk1/2 leading to caspase-independent cell death in 

tumor cells. Cancer Prev. Res. 2012, 5, 778–787. 

7. Cheng, C.Y.; Su, C.C. Tanshinone IIA may inhibit the growth of small cell lung cancer H146 cells by up-

regulating the Bax/Bcl-2 ratio and decreasing mitochondrial membrane potential. Mol. Med. Rep. 2010, 3, 

645–650. 

8. Yang, J.; Choi, L.L.; Li, D.Q.; Yang, F.Q.; Zeng, L.J.; Zhao, J.; Li, S.P. Simultaneous analysis of hydrophilic 

and lipophilic compounds in Salvia miltiorrhiza by double-development HPTLC and scanning 

densitometry. JPC J. Planar Chromat. 2010, 24, 257–263. 

9. Songsri, S.; Nuntawong, N. Cytotoxic labdane diterpenes from Hedychium ellipticum Buch. -Ham. ex Sm. 

Molecules 2016, 21, 749, doi:10.3390/molecules21060749. 

10. Meng, J.; Yang, Z.; Liang, J.L.; Zhou, H.; Wu, S.H. Comprehensive multi-channel multi-dimensional 

counter-current chromatography for separation of tanshinones from Salvia miltiorrhiza Bunge. J. 

Chromatogr. A 2014, 1323, 73–81. 

11. Meng, J.; Yang, Z.; Liang, J.L.; Guo, M.Z.; Wu, S.H. Multi-channel recycling counter-current chromatography 

http://www.ncbi.nlm.nih.gov/pubmed/?term=C%C3%A1diz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26096431
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schmeda-Hirschmann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26096431
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=T1hK8kkf7OCQWKUs32C&page=1&doc=3
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=T1hK8kkf7OCQWKUs32C&page=1&doc=3
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=T1hK8kkf7OCQWKUs32C&page=1&doc=2


Molecules 2018, 23, x FOR PEER REVIEW  12 of 12 

 

for natural product isolation: Tanshinones as examples. J. Chromatogr. A 2014, 1327, 27–38. 

12. Sun, A.L.; Zhang, Y.Q.; Li, A.F.; Meng, Z.L.; Liu, R.M. Extraction and preparative purification of 

tanshinones from Salvia miltiorrhiza Bunge by high-speed counter-current chromatography. J. Chromatogr. 

B 2011, 879, 1899–1904. 

13. Dang, J.; Tao, Y.D.; Shao, Y.; Mei, L.J.; Zhang, L.; Wang, Q.L. Antioxidative extracts and phenols isolated 

from Qinghai-Tibet Plateau medicinal plant Saxifraga tangutica Engl. Ind. Crops Prod. 2015, 78, 13–18. 

14. Cheng, G.J.S.; Li, G.K.; Xiao, X.H. Microwave-assisted extraction coupled with counter-current 

chromatography and preparative liquid chromatography for the preparation of six furocoumarins from 

Angelica pubescentis Radix. Sep. Purif. Technol. 2014, 141, 143–149. 

15. Ye, X.L.; Cao, D.; Song, F.Y.; Fan, G.R.; Wu, F.H. Preparative separation of nine flavonoids from 

Pericarpium Citri Reticulatae by preparative-HPLC and HSCCC. Sep. Purif. Technol. 2016, 51, 807–815. 

16. Feng, J.T.; Xiao, Y.S.; Guo, Z.M.; Yu, D.H.; Jin, Y.; Liang, X.M. Purification of compounds from Lignum 

dalbergia Odorifera using two-dimensional preparative chromatography with Click oligo (ethylene glycol) 

and C18 column. J. Sep. Sci. 2011, 34, 299–307. 

17. Chen, J.Y.; He, L.H.; Yang, T. Scale-up purification for rutin hyrdrolysates by high-performance counter-

current chromatography coupled with semi-preparative high-performance liquid chromatography. Sep. 

Purif. Technol. 2016, 51, 1523–1530. 

18. Zhu, L.C.; Li, H.; Liang, Y.; Wang, X.H.; Xie, H.C.; Zhang, T.Y.; Ito, Y. Application of high-speed counter-

current chromatography and preparative high-performance liquid chromatography mode for rapid 

isolation of anthraquinones from Morinda officinalis How. Sep. Purif. Technol. 2009, 70, 147–152. 

19. Li, X.L.; Liu, Y.F.; Shen, A.J.; Wang, C.R.; Yan, J.Y.; Zhao, W.J.; Liang, X.M. Efficient purification of active 

bufadienolides by a class separation method based on hydrophilic solid-phase extraction and reversed-

phase high performance liquid chromatography. J. Pharmaceut. Biomed. 2014, 97, 54–64. 

20. Wu, D.F.; Jiang, X.H.; Wu, S.H. Direct purification of tanshinones from Salvia miltiorrhiza Bunge by high-

speed counter-current chromatography without presaturation of the two-phase solvent mixture. J. Sep. Sci. 

2010, 33, 67–73. 

21. Li, H.B.; Chen, F. Preparative isolation and purification of six diterpenoids from the Chinese medicinal 

plant Salvia miltiorrhiza by high-speed counter-current chromatography. J. Chromatogr. A 2001, 925, 109–

114. 

22. Tian, G.L.; Zhang, Y.B.; Zhang, T.Y.; Yang, F.Q.; Ito, Y. Separation of tanshinones from Salvia miltiorrhiza 

Bunge by high-speed counter-current chromatography using stepwise elution. J. Chromatogr. A 2000, 904, 

107–111. 

23. Wang, J.X.; Guo, Z.M.; Shen, A.J.; Yu, L.; Xiao, Y.S.; Xue, X.Y.; Zhang, X.L.; Liang, X.M. Hydrophilic-

subtraction model for the characterization and comparison of hydrophilic interaction liquid 

chromatography columns. J. Chromatogr. A 2015, 1398, 29–46. 

24. Jiang, L.; Tao, Y.D.; Wang, D.; Tang, C.C.; Shao, Y.; Wang, Q.L.; Zhao, X.H.; Zhang, Y.Z.; Mei, L.J. A novel 

two-dimensional preparative chromatography method designed for the separation of traditional animal 

Tibetan medicine Osteon myospalacem Baileyi. J. Sep. Sci. 2014, 37, 3060–3066. 

25. Park, J.Y.; Kim, J.H.; Kim, Y.M.; Jeong, H.J.; Kim, D.W.; Park, K.H.; Kwon, H.J.; Park, S.J.; Lee, W.S.; Ryu, 

Y.B. Tanshinones as selective and slow-binding inhibitors for SARS-CoV cysteine proteases. Bioorg. Med. 

Chem. 2012, 20, 5928–5935. 

26. Lin, L.Z.; Blasko, G.; Cordell, G.A. Diterpenes of Salvia prionitis. Phytochemistry 1989, 28, 177–181. 

27. Jang, T.S.; Zhang, H.; Kim, G.; Kim, D.W.; Min, B.S.; Kang, W.; Son, K.H.; Na, M.; Lee, S.H. Bioassay-guided 

isolation of fatty acid synthase inhibitory diterpenoids from the roots of Salvia miltiorrhiza Bunge. Arch. 

Pharm. Res. 2012, 35, 481-486. 

28. Li, W.H.; Chang, S.T.; Chang, S.C.; Chang, H.T. Isolation of antibacterial diterpenoids from Cryptomeria 

japonica bark. Nat. Prod. Res. 2008, 22, 1085–1093. 

Sample Availability: Samples of the tanshinone IIA, salvinolone, cryptotanshinone and ferruginol are available 

from the authors. 

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=T1hK8kkf7OCQWKUs32C&page=1&doc=2
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=T1hK8kkf7OCQWKUs32C&page=1&doc=7
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=T1hK8kkf7OCQWKUs32C&page=1&doc=7
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=24&SID=T1hK8kkf7OCQWKUs32C&page=3&doc=30
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=24&SID=T1hK8kkf7OCQWKUs32C&page=3&doc=30
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=24&SID=T1hK8kkf7OCQWKUs32C&page=3&doc=30
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=Q18sMhnTHFT6qFjRCKU&page=2&doc=11&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=Q18sMhnTHFT6qFjRCKU&page=2&doc=11&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=Q18sMhnTHFT6qFjRCKU&page=2&doc=14
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=Q18sMhnTHFT6qFjRCKU&page=2&doc=14
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=Q18sMhnTHFT6qFjRCKU&page=2&doc=15
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=Q18sMhnTHFT6qFjRCKU&page=2&doc=15

