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Abstract:  The methanolic extract of the roots of Isodon rugosus were subjected to chromatographic separation, 
yielded two diterpenes: a new compound named rugosodon 1 and a known compound oridonin 2. The new 
compound 1 was elucidated as 1-O-α-D-glucopyranosyl-7α,13β-dihydroxyabieta-8(9)-en-11-one and the known 
compound 2 as 7α,20-epoxy-1α,6β,7,14-tetrahydroxy-kaur-16-en-15-one (oridonin), based on the chemical 
hydrolysis, physicochemical and spectroscopic data of IR, ESIMS, EIMS, 1D, and 2D NMR. The compounds 1-
2 were subjected to bioassay studies of cytotoxicity and α-glucosidase inhibition potential. Rugosodon 1 showed 
significant potential of α-glucosidase inhibition with IC50 0.453 mg/mL, as compared to the standard acarbose 
(IC50 0.921 mg/mL). The compounds 1-2 failed to show any significant results for the cytotoxic screening 
against the three human cancer cell lines (NCI-H460, HeLa and MCF-7). 
 
Keywords: Abietane; diterpene; glycoside; Isodon rugosus; rugosodon; oridonin.  © 2018 ACG Publications. 
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1. Introduction 

Isodon, formally known as Rabdosia of Labiatae (Lamiaceae) is a medicinally important genus 
consists of approximately 150 species. It is a cosmopolitan genus, distributed almost everywhere in the 
world, however, it is predominantly originated in Asia’s tropical and subtropical regions [1]. Isodon 
rugosus Wall. ex Benth (Lamiaceae) is found in the northern Pakistan where it is locally known as 
phaypush, boi and sperkai [2-3]. The plant is traditionally used as antiseptic, hypoglycaemic, anti-
diarrheal, bronchodilator and instant anti-scabies [4-7]. The extracts from aerial parts (leaves and 
flowers) are particularly used for the treatment of hypertension, toothache, fevers and rheumatism. 
Recently, the phytochemical analysis of I. rugosus have reported six cytotoxic diterpenes [6, 8].  
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Various types of bioactive diterpenes including ent-halimane, ent-clerodane, ent-labdane, 
abietane, ent-abietane, ent-pimarane, ent-totarane and Nor, Seco, monomeric, and dimeric ent-kaurane 
are reported from different Isodon species [4, 5, 9-11]. The abietane class has structure similarity with 
the chinane, sempervirane, and totarane types of diterpenes which are classified based on the position 
of isopropyl group at C-13, C-11, C-12, and C-14, respectively [12-16]. Here, we are reporting the 
isolation, structural identification, and bioactivities (cytotoxicity, and α-glucosidase inhibitory 
potential) of the compounds 1-2 (Figure 1) obtained from the roots of I. rugosus Wall Ex. Benth. 
 

2. Materials and Methods 

2.1. General Experimental Procedures 
 

Bicote melting point apparatus (Bibby Scientific limited, UK) via glass capillaries tubes was 
used for melting points determination. UNICAM UV 300 and FT/IR-4200 (ATR, in solid state) 
spectrophotometer were used for recording Ultraviolet (UV) and Infrared spectra (IR), respectively. 
AA-100 polarimeter with sodium lamp (D-line, 589.3 nm) at 20°C (Perkin Elmer, USA) was used for 
measuring the optical rotations , in methanol. JEOL MS 600H-1 (Japan) and Q-TOF/6500 series 
(Germany) mass spectrometer were used for recording the EIMS and ESIMS spectra, respectively. 
The ID-NMR including 1H (400 MHz), 13C (150 MHz), and 2D NMR (COSY, NOESY, HSQC, 
HMBC) spectra were recorded in methanol d4, TMS (tetramethylsilane) as internal standard with 
Bruker (Avance DRX-400 and 600 MHz) NMR spectrophotometers. The chemical shifts (δ) and 
coupling constant (J) values for 1H and 13C are recorded in ppm and Hz, respectively. The column 
chromatography was performed using silica gel (Si 60, 80-230 mesh) and prep. TLC through 
aluminum sheets (0.2 mm thickness) precoated with silica gel 60PF254 (Merck), respectively. The 
concentration of p-nitrophenol was measured at 405 nm using Epoch 2 Multiplate Reader (BioTek 
Instruments, Inc., USA). Metabolites spots on the TLC plates were visualized by examining under UV 
light and spraying with Ce(SO₄)₂ solution followed by heating.  
  
2.2. Collection and Identification of Plant Materials 

 
The whole plant of I. rugosus (roots, stems, leaves and flowers) were collected from Bajaur 

Agency (FATA), Pakistan in August 2014 and identified by Dr. Ghulam Jelani, (plant taxonomist).  
The plant sample with voucher No. 4566-2016 was deposited at the herbarium, Department of Botany, 
University of Peshawar, Pakistan.  

 

2.3. Extraction and Isolation of Compounds 1-2 
 

The shadow dried roots of I. rugosus (6.0 Kg) were powdered by blender, soaked in (9.0 L) 
methanol for twelve days and extracted repeatedly (4x), with methanol (recycled), at room 
temperature. It was followed by rotary evaporation yielded a dark red residue (600 g). The residue 
obtained was suspended in water and subsequently extracted with n-hexane, CHCl3 and EtOAc, 
yielded four corresponding solvents fractions (including the aqueous fraction), respectively. A slurry 
was made by absorbing the CHCl3 fraction (200 g) on silica gel (200 g), and then subjected to column 
chromatography (CC) (prepacked silica gel column, 1.2 kg), using solvent system (n-hexane ─ EtOAc, 
1 : 0, 100 : 1, 75 : 1, 50 : 1, 25 : 1, 5 : 1) yielded six fractions (J ─ O). Fraction L (25.0 g) on CC 
(silica gel, 400 g) using solvent system (n-hexane ─ EtOAc, 10: 1, 5: 1, 2 : 1, 0 : 1) yielded four sub-
fractions L1, L2, L3 and L4. Sub-fraction L2 (10 g) on CC (silica gel, 160 g), followed by preparative 
TLC using solvent system (n-hexane ─ EtOAc, 50 : 50), furnished compound 1 (rugosodon, 15.0 mg). 
Fraction M (54 g) on CC (silica gel, 800 g) using solvent system (n-hexane ─ EtOAc, 5 : 1, 2 : 1, 1 : 1) 
furnished three sub-fractions M1, M2 and M3. Sub-fraction M2 (15 g) was subjected to prep. TLC 
using solvent system (n-hexane ─ EtOAc, 60 : 40) and furnished compound 2 (oridonin, 9.5 mg). 
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2.4. α-Glucosidase Inhibitory Activity 

 To perform the assay of α-glucosidase inhibition by rugosodon 1 and oridonin 2 in the presence 
of Acarbose as standard was performed in a 96 well plate per the standard protocol with minor 
modification [21]. The preincubation at 37°C (15 min) was performed by adding 20 μL of samples 
(rugosodon 1 and oridonin 2 and standard) at varying concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 
mg/mL) to a mixture of 10 μL α-glucosidase (1 U/ml) in 50 μL of phosphate buffer (100 mM, pH = 6. 
8)  It was followed by the addition of 20 μL P-NPG (5 mM) as a substrate and further incubation at 
37°C (20 min). Finally, to terminate the reaction, a 50 μL Na2CO3 (0.1 M) was added to the reaction 
mixture. Multiplate Reader was used to detect the release of p-nitrophenol by measuring its 
absorbance at 405 nm. Each experiment was performed in triplicate before the test substance was set 
up in parallel as a control. The data is presented as means values obtained through ± standard 
deviation and IC50 values were calculated using GraphPad Prism 5.01 (La Jolla, CA, USA.). The 
following formula was used to calculate the results expressing % inhibition. 
% Inhibitory = (1 − As/Ac) ×100. In this equation, As and Ac is the absorbance of the control with and 
without adding the test substance, respectively.  

2.5. Sulforhodamine B (SRB) Colorimetric Assay for Cytotoxicity Screening 

The cytotoxicity (in vitro) assay is widely used to identify the concentration of a drug 
sufficient to inhibit cell growth and initiate program cell death [22]. By using EDTA–trypsin, 0.02% : 
0.05%, the monolayer of the three cells types was trypsinised for 2–3 min yielded cell suspension. The 
concentration of each cell line and cell viability was determined by using hemocytometer. The proper 
cell counts (2 × 104) of cell suspension (100 mL/well) of each cell types NCI-H460, MCF-7 and 
HeLa, was added in each well of 96-well plates except the blank and incubated (for 24 h) in 5% CO2 
atmosphere, at 37°C. A 100 mL of the test samples: rugosodon 1, and oridonin 2 (0.001–100 mM) and 
the standard anticancer drugs cisplatin (0.1–100 mM) and doxorubicin (0.001–10 mM) were 
transferred in their selected wells. The plates were incubated at 37°C (48 h), followed by ice-cold TCA 
(50 mL, 50%) fixation (30 min) and finally washed with distilled water. The plates after the overnight 
air-dryness were stained with SRB (0.4%) for 30 min. Acetic acid (1%) was used to remove the 
unbound stain. The SRB stain was dissolved using Tris-base (100 mL, 10 mM) followed by 
spectrophotometry measurement of the optical density at 515 nm. The LC50 (50% cell death) and GI50 
(50% growth inhibition) which represent the vital concentration of a sample enough for causing 50% 
cell death and growth inhibition of total cells, respectively, were obtained graphically as concentration 
vs cytotoxicity and % inhibition of cell growth. 

2.6. Acid Hydrolysis of Rugosodon (1) 

Rugosodon 1 (2 mg in methanol) and HCl (5 mL, 2N aq.) were mixed and refluxed at 100°C, 
for 4 h. CHCl3 (3 × 5 mL) was used to selectively extract the aglycone part from the reaction mixture. 
A saturated solution of Na2CO3 was used to neutralize the residual aqueous fraction (containing sugar) 
and then subjected to TLC analysis in the presence of a standard D-glucose sample (using the solvent 
system MeCOEt–isoPrOH- Me2CO–H2O 20:10:7:6). The values of the retention factor were 
compared (Rf: 0.40), and the sugar was identified as D-glucose [18, 20].  
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Figure 1. Structures of rugosodon (1) and oridonin (2) 

 

 

 

Figure 2. Selected COSY ( ) and HMBC ( ) of rugosodon (1) 

 

 

Figure 3. Selected NOESY correlations ( ) of rugosodon (1) 
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3.  Results and Discussion  
 
3.1. Structure Elucidation 

 
Rugosodon 1 (MeOH) (Figure 1) was obtained as a white amorphous powder, possessed a 

molecular formula of C26H42O9 based on the pseudo molecular ion peak in the positive ion ESIMS at 
m/z: 521.2727 [M + Na]+ (cald. m/z: 521.2723  for C26H42NaO9) and 13C NMR data (Figures S1-S4 
and S7-12, supplementary materials). The IR spectra of 1 indicate the presence of hydroxyl groups 
(3490-3260), carbonyl (1712) and olefinic carbon (1640 cm-1). The compound 1 showed optical 
activity:  = +55.89 (c 0.07, methanol) and UV (MeOH) λmax: 239 nm. The NMR spectra of 
compound 1 showed similarities to the reference compound ‘Isoabietenin B’ [17] isolated from I. 
tenuifolius except for the additional sugar moeity at C-1 of rugosodon 1 while a third hydroxyl group 
is present at C-18 of Isoabietenin B. The analysis of the 13C NMR spectra (BB) showed 26 carbons 
differentiated into four sp3 and two sp2 quaternary carbons, nine sp3 methines, six sp3 methylenes and 
five methyls (Table 1, supplementary materials), suggested glucose substituted tricyclic diterpene 
skeleton for compound 1.  

The 1H NMR signals (Table S3-S5, supplementary materials) and HMBC correlations traced 
from five methyls [H3-16/ H3-17 (δH 0.92 d, 6.8 Hz/ 0.93 d, 6.8 Hz) to C-15 (δC 39.54), C-13 (δC 
77.61); H3-19 (δH 0.89) and H3-18 (δH 0.94) to C-4 (δC 33.42) and H3-20 (δH 1.18) to C-10 (δC 44.66)] 
along with the COSY correlation of H3-16/ H3-17 with H-15 suggested compound 1 to be an abietane 
diterpenoid [17]. The characteristic HMBC correlations from the anomeric oxymethine H-1ʹ (δH 3.98, 
d 7.6 Hz) of the glucose moiety to the glycosylated methine C-1 (δC 80.91) as well as the characteristic 
1H/ 13C NMR signals of the glucose moiety comprising four oxymethines at [H-2ʹ (δH 3.10, dd 2.8, 7.6 
Hz; δC 75.10), H-3ʹ (δH 3.24, dd 2.8, 2.4 Hz; δC 77.76), H-4ʹ (δH 3.25, overlap; δC 71.87), H-5ʹ (δH 3.16, 
ddd 5.6, 3.2, 2.4 Hz; δC 77.71)] and oxymethylene at [Hα-6ʹ (δH 3.80, dd 11.6, 2.4 Hz; δC 62.86) and 
Hβ-6ʹ (δH 3.64, dd 11.6, 5.6 Hz)] proposed that C-1 of the abietane system is substituted with glucose 
moiety. 

The position of the carbonyl at C-11 (δC 204.08), tetra-substituted double bond (∆8,9) at C-8 
(δC 151.05) and C-9 (δC 141.44) and the two hydroxyl groups at C-7 (δC 70.75) and C-13 (δC 77.61), 
respectively, were traced from the characteristics 13C-NMR signals and HMBC correlation from H-7 
(δH 4.05, dd 2.8, 2.4 Hz) to C-5 (δC 40.29), C-8, and C-9; from H2α/ β-12 (δH 2.99 d, 14.4 Hz/ 2.28 dd, 
14.4, 2.0 Hz) to C-9, C-11 (carbonyl), C-13, and C-14 (δC 40.13); from H2α/ β-14 (δH 2.80 d, 18.0 Hz/ 
2.19 dd, 18.0, 2.0 Hz) to C-7, C-8, C-9, C-13, and C-15 (39.54); and from H2α/ β-6 (δH 1.82, overlap/ 
1.76, overlap) to C-5 (δC 40.29), and C-7, respectively. Furthermore, the COSY correlation between 
H2α/ β-2 (δH 2.03, 14.2, 2.8 Hz/ 1.88, overlap) with methylenes H2α/ β-3 (δH 1.76, overlap/1.14, 
overlap) and glycosylated-methine H-1 (δH 4.56, dd 2.2, 2.8 Hz); and H2α/ β-6 (δH 1.82, overlap/ 1.76, 
overlap) with methine H-5 (δH 1.93, dd 6.4, 3.2 Hz) and oxymethine H-7 (δH 4.05, dd 2.8, 2.4 Hz) 
establish the structure of compound 1 as 1-O-D-glucopyranosyl-7,13-dihydroxyabieta-8(9)-en-11-one. 

To further confirm the structure of sugar moiety obtained after acid hydrolysis (5% HCl) of 
compound 1 was confirmed as D-glucose by comparing its retention factor (Rf: 0.40) value on TLC 
(MeCOEt–Me2CO–isoPrOH–H2O, 20 : 7 : 10 : 6) and specific rotation = +52.19 (c = 0.1 in water) 
with the standard D glucose sample [18, 21]. The relative stereochemistry of compound 1 was 
assigned from the selected NOESY correlations of H-7/ H-14ß, H-6ß; H-1/ H-1ʹ, H-2ß, H3-20; H-5/ 
H3-18; and H-12α and H-14α/ H-15 indicated the relative configurations of H-1, H-7 and HO-13 as β-
oriented.  

These evidences assign the relative configuration and structure assignment of compound 1 as 
(1S,5S,7R,10S,13S)-1-O-α-D-glucopyranosyl-7α,13β-dihydroxyabieta-8(9)-en-11-one. 

The selected COSY (Images S13-S17) and HMBC (Images S23-S26) correlation of compound 
1 are given in Figure 2 and NOESY correlation in Figure 3, respectively (supplementary material). 

The compound 2 (Figure 1) was isolated as a white crystal. From the 1H NMR and 13C NMR 
(Table 2) data, it was identified as a known compound oridonin (7α,20-epoxy-1α,6β,7,14-
tetrahydroxy-kaur-16-en-15-one) [19]. 
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Table 1. 1H (CD3OD, 400 MHz), 13C NMR (CD3OD, 150 MHZ), COSY (1H↔1H), (CD3OD, 600  
MHz) and HMBC [1H (600 MHz) →13C (150 MHz), CD3OD] of Compound 1 (Rugosodon) 

 
Position δ 1H δ 13C COSY (1H ↔ 1H) HMBC (1H → 13C) 
1 4.56, dd (2.2, 2.8) 80.91 H-1↔Hα/β-2 H-1→C-3, C-10 
2α 
2β 

1.88, overlap 
2.03, dd (14.2, 2.8) 

25.52 CH2α/β-2↔Hβ-2, Hα/β-3, H-
1 

Hα/β-2→ C-3, C-20 

3α 
3β 

1.76, overlap 
1.14, overlap 

36.19 Hα/β-3↔ Hα/β-2 Hα/β-3→C-2, C-10 

4 --- 33.42 --- --- 

5 1.93, dd (6.4, 3.2) 40.29 H-5↔ Hα/β-6 H-5→C-4, C-6, C-7, C-10, 
C-18, C-20 

6α 
6β 

1.82, overlap 
1.76, overlap 

28.59 Hα/β-6↔H-5, H-7 Hα/β-6→ C-7, C-10 

7 4.05, dd (2.8, 2.4)  70.75 H-7↔ Hα/β-6 H-7→C-5, C-8, C-9 

8 --- 151.05 --- --- 

9 --- 141.44 --- --- 

10 ---  44.66 --- --- 

11 --- 204.08 --- --- 

12α 
12β 

2.99, d (14.4) 
2.28, dd (14.4, 2.0) 
 

52.80 Hα-12↔Hβ-12) and Hβ-12↔ 
Hα-12, Hβ-14  

Hα-12→C-11, C-13 and Hβ-
12→ C-9, C-11, C-13, C-14 

13 --- 77.61 --- --- 

14α 
14β 

2.80, d (18) 
2.19, dd (18, 2.0) 
 

40.13 Hα -14↔Hβ-14) and Hβ-
14↔ Hα -14, Hβ-12  

Hα -14→ C-8, C-9, C-11, C-
13, C-15 and  
Hβ-14→C-7, C-8, C-9, C-
11, C-12, C-13 
 

15 1.66, sept (6.8) 39.54 H-15↔3H-16, 3H-17 H-15→C-16, C-17, C-13 

16 0.92, d (6.8) 17.48 3H-16↔H-15 3H-16→C-13, C15, C-17 

17 0.93, d (6.8) 16.93 3H-17↔H-15 3H-17→C-13, C15, C-16 

18α 0.94, s  33.63 --- 3H-19→C-4, C-3, C-18 

19β 0.89, s 22.13 --- 3H-18→C-4, C-3, C-19 

20 1.18, s 19.59 --- 3H-20→C-1, C-5, C-9, C-10 

1ʹ 3.98, d (7.6) 105.87 H-1ʹ↔H-2ʹ H-1ʹ→C-1, C-2ʹ, C-3ʹ 

2ʹ 3.10, dd (7.6, 2.8) 75.10 H-2ʹ↔H-3ʹ H-1ʹ H-2ʹ→C-1ʹ, C-3ʹ 

3ʹ 3.24, dd (2.8, 2.4) 77.76 H-3ʹ↔H-2ʹ, H-4ʹ H-3ʹ→C-2ʹ, C-4ʹ 

4ʹ 3.25, overlap 71.87 H-4ʹ↔ H-5ʹ, H-3ʹ H-4ʹ→C-3ʹ, C-5ʹ 
5ʹ 3.16, ddd (5.6, 3.2, 

2.4) 
77.71 H-5ʹ↔H-4ʹ, Hα/β-6ʹ H-5ʹ→C-6ʹ, C-4ʹ 

6ʹα 
6ʹβ 

3.80, dd (11.6, 2.4) 
3.64, dd (11.6, 5.6)  

62.86 Hα-6ʹ↔Hβ-6ʹ, H-5ʹ and Hβ-
6ʹ↔ Hα-6ʹ, H-5ʹ 

Hα-6ʹ→C-5ʹ and  
Hβ-6ʹ→C-4ʹ, C-1ʹ 

3.2. Physicochemical and Spectroscopic Data of Rugosodon (1) and Oridonin (2) 
 
3.2.1.(1S,5S,7R,10S,13S)-1-O-α-D-glucopyranosyl-7α,13β-dihydroxyabieta-8(9)-en-11-one 
(rugosodon 1): White powder;  = +55.89 (c 0.40, MeOH); IR νmax 3490, 2922, 1712, 1646, cm-1; 
ESIMS at m/z: 521.2727 [M + Na]+ (cald. for C26H42NaO9), EIMS m/z: 480.3 (1.7) [M – H2O]ᵒ+ 
(C26H42O9-H2O), 462.3 (1.3)  [M – 2H2O]ᵒ+ (C26H42O9-2H2O), 335.3 (5.0) [C25H39O6]ᵒ+, 317.2 (100) 
[M-H2O-C6H12O5]ᵒ+, 300.2 (57.6) [C20H28O2]ᵒ+, 282.2 (27.0) [C20H28O]ᵒ+, 267.2 (26.7) [C20H27]ᵒ+, 253.2 
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(7.0) [C19H25]ᵒ+, 226.2 (89.5) [C17H22]ᵒ+, 213.1 (19.1) [C16H21]ᵒ+, 159.1 (11.0) [C12H15]ᵒ+, 121.1 (7.4), 
[C9H13]ᵒ+ (S1, supplementary materials). 

1H NMR (CD3OD, 400 MHz) (Table 1): δ 4.56 (1H, d, J = 2.2, 2.8 Hz, H-1), 1.88 (1H, overlap, 
Hα-2) and 2.03 (14.2, 2.8 Hz, Hβ-2), 1.76 (1H, overlap, Hα-3) and 1.14 (1H, overlap, Hβ-3), 1. 93 
(1H, dd, J = 6.4, 3.2 Hz, H-5), 1.82 (1H, overlap, Hα-6 and 1.76 (1H, overlap, Hβ-6), 4.05 (1H, dd, J = 
2.8, 2.4 Hz, H-7), 2.99 (1H, d, J = 14.4 Hz, Hα-12) and 2.28 (1H, dd, J = 14.4, 2.0 Hz, Hα-12), 2.80 
(1H, d, J = 18.0 Hz, Hα-14) and 2.19 (1H, dd, J = 18.0, 2.0 Hz, Hβ-14), 1.66 (1H, sept, J = 6.8 Hz, H-
15), 0.93 (3H, d, J = 6.8 Hz, H-16), 0.94 (3H, d, J = 6.8 Hz, H-17), 0.94 (3H, s, H-18), 0.89 (3H, s, H-
19), 1.18 (3H, s, H-20), 3.98 (1H, d, J = 7.6 Hz, H-1ʹ), 3.10 (1H, dd, J = 2.8, 7.6 Hz, H-2ʹ), 3.37 (1H, 
dd, J = 2.8, 2.4 Hz, H-3ʹ), 3.43 (1H, overlapped, H-4ʹ), 3.24 (ddd, J = 5.6, 3.2, 2.4 Hz, H-5ʹ), 3.80 (1H, 
dd, J = 11.6, 2.4 Hz, Hα-6ʹ) and 3.64 (1H, dd, J = 11.6, 5.6 Hz, Hβ-6ʹ) (S1-S4, supplementary 
materials). 

13C NMR (CD3OD, 150 MHz) (Table 1): δ 80.91 (C-3), 25.52 (C-2), 36.19 (C-1), 33.42 (C-4), 
40.29 (C-5), 28.59 (C-6), 70.75 (C-7), 151.05 (C-8), 141.44 (C-9), 44.66 (C-10), 204.08 (C-11), 40.13 
(C-12), 77.61 (C-13), 52.80 (C-14), 39.54 (C-15), 17.48 (C-16), 16.93 (C-17), 33.63 (C-18), 22.13 (C-
19), 19.59 (C-20), 105.87 (C-1ʹ), 75.10 (C-2ʹ), 77.71 (C-3ʹ), 71.87 (C-4ʹ), 77.76 (C-5ʹ), 62.86 (C-6ʹ) 
(S5-S10, supplementary materials). 

3.2.2. 7α,20-epoxy-1α,6β,7,14-tetrahydroxy-kaur-16-en-15-one (oridonin 2):Colorless prism;  
+45.24 (c 0.07, methanol); IR νmax: 3380, 2921, 1711, 1646, cm-1; 1H-NMR (CDCl3, 400 MHz) and 
13C NMR (CD3OD, 150 MHz) (Table 2); EIMS m/z: 364.4 [M]+; (Calcd for C20H28O6), data compared 
with the lietrature [19].  
 
  Table 2. 1H (CD3OD, 400 MHz), 13C NMR (CD3OD, 150 MHZ) of Compound 2 (oridonin) 

 
Position δ 1H δ 13C S. No. δ 1H δ 13C 
1  3.72 dd (6.3, 2.3) 65.1 11 2.01 m 

1.93 m 
19.0 

2 2.40 m 27.4 12 3.92 d (4.6) 68.5 
3 1.57 dd (6.5, 2.4) 40.0 13 2.03 m 38.5 
4 --- 34.5 14 2.4 m 

1.92 m 
31.7 

5 1.80 d (6.4) 60.0 15 1.23 s 30.9 
6 3.7 d (6.4) 74.0 16 1.24 s 23.1 

7 --- 101.0 17 4.61 d (10.0) 
4.40 d (10.0) 

97.1 

8 --- 55.0 18 --- 150.0 

9 1.84 d (5.6) 53.0 19 6.06 s 
5.38 s 

117.5 

10 --- 44.0 20 --- 199.0 

 
3.3. Results of the Biological Activities 
 

The compounds 1 and 2 (Figure 1) were tested for their anticancer, and α-glucosidase 
inhibitory activities which were based on the review of literature reported anticancer, and anti-
hyperglycemic potential of Isodon species. 
 
3.3.1. α-Glucosidase Inhibitory Activity 

 Rugosodon 1 (Figure 1) was found with significant α-glucosidase inhibition, anti-
hyperglycemic potential with IC50 0.453 while oridonin 2 with IC50 0.998 mg/mL, showed comparable 
activity as compared to the standard acarbose (IC50 0.921 mg/mL) (Table S3). However, further in 
vivo testing and optimization of rugosodon 1 is required to enhance its potential and structure activity 
relationship against its α-glucosidase target (Table S1, Supplementary materials). 
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3.3.2. Anticancer Activity 

 The isolated compounds, rugosodon 1 and oridonin 2 were evaluated for in vitro growth 
inhibitory potential against the three human cancer cell lines (NCI-H460, HeLa, and MCF-7) but did 
not show any significant activities (LC50 >50 mg/ml) (Table S2, Supplementary materials) 

As a conclusion, the results obtained from physicochemical constants and 
spectroscopic data (IR, ESIMS, EIMS, 1D and 2D NMR) confirm the justification of a new 
compound named rugosodon (1-O-α-D-glucopyranosyl-7α,13β-dihydroxyabieta-8(9)-en-11-
one) with significant inhibitory potential of α-glucosidase along with a known compound, 
oridonin isolated from Isodon rugosus Wall Ex Benth. 
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