
Fitoterapia 160 (2022) 105226

Available online 31 May 2022
0367-326X/© 2022 Published by Elsevier B.V.

A new ent-clerodane diterpene from Detarium microcarpum Guill. & Perr. 
and its protective potential for osteoporosis 

Rimsha Irshad a,b, Ahmed Saeed Ali Kabbashi a,c, Kayode Muritala Salawu a,d, Aziz ur-Rehman a, 
Yan-Gang Cao e, Aneela Fayaz a, Farooq-Ahmad Khan a,f, Atia tul-Wahab b,g, 
M. Iqbal Choudhary a,b,f,h, Yan Wang a,b,* 

a H. E. J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences, University of Karachi, Karachi 75270, Pakistan 
b Sino-Pakistan Cooperation Center for Traditional Chinese Medicine, International Center for Chemical and Biological Sciences, University of Karachi, Karachi 75270, 
Pakistan 
c Medicinal and Aromatic Plants and Traditional Medicine Research Institute, National Center for Research, Khartoum 11113, Sudan 
d Department of Pharmacognosy and Drug Development, University of Ilorin, Nigeria 
e School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, PR China 
f Third World Center (TWC) for Chemical Sciences, International Center for Chemical & Biological Sciences, University of Karachi, Karachi 75270, Pakistan 
g Dr. Panjwani Center for Molecular Medicine and Drug Research, International Center for Chemical and Biological Sciences, University of Karachi, Karachi 75270, 
Pakistan 
h Department of Biochemistry, Faculty of Science, King Abdulaziz University, Jeddah 21589, Saudi Arabia   

A R T I C L E  I N F O   

Keywords: 
Detarium microcarpum 
Diterpene 
Clerodane 
Labdane 
ECD 
Osteoblast 

A B S T R A C T   

A new clerodane diterpene, named 6α-hydroxy-3,13E-clerodien-15-oic acid (1), together with a known clerodane 
diterpene (2), four known labdane diterpenes (3–6), a triterpenoid (7), a known steroid (8), and two benzenoid 
compounds (9 and 10) were isolated from Detarium microcarpum Guill. & Perr. The structures of all obtained 
compounds were determined by chemical properties and spectroscopic evidence, accompanied by comparisons 
with data in the literature. Electronic circular dichroism (ECD) was performed for compounds 1–4 to confirm the 
absolute configuration. Compounds 1–3 and 8–10 were evaluated for the protective effect on osteoblasts. 
Compound 1 was observed to increase the proliferation of dexamethasone (DEX)-treated MC3T3-E1 cells 
significantly at 1 μM, which was comparable with the positive control geniposide at 10 μM. The results were 
further confirmed by flow cytometry analysis. In addition, compound 1 increased the level of alkaline phos
phatase (ALP) and mineralization in osteoblasts inhibited by DEX. Moreover, Compound 9 (vanillic acid) showed 
a pronounced inhibition (IC50 6.5 ± 0.6 μM) on reactive oxygen species (ROS) production, and 10 (4-O-methyl 
gallic acid) showed a good inhibition with IC50 as 103.3 ± 2.2 μM, compared with the standard drug ibuprofen 
(IC50 54.2 ± 9.2 μM). Besides, compounds 1–3 and 8–10 were non-cytotoxic against MCF-7, NCI-H460, Hela, 
and BJ cell lines.   

1. Introduction 

The genus Detarium (family Fabaceae) is native to Africa, comprised 
of only four accepted species (World Flora Online). Among which 
Detarium microcarpum Guill. & Perr. is famous for its medicinal uses by 
different parts of the plant to treat various diseases, such as dizziness, 
epilepsy, schizophrenia, paralysis, pains, typhoid fever, jaundice, dys
entery, malaria, meningitis, tuberculosis, skin infection, syphilis, pneu
monia, and pregnancy disorders [1–8]. Previous studies on the 

constituents from the bark, leaves, and fruit of D. microcarpum have 
demonstrated the presence of different types of diterpenes [9–12], 
benzoylated carbohydrates [13], flavonoids [9], triterpenoids, steroids 
[14], isovaleronitrile and benzoic acid derivatives [4], etc. Extracts of 
stem bark, leaves, fruits, and seeds coat of D. microcarpum were verified 
to have antiviral [15], antibacterial [16,17], anticancer [18–20], anti
oxidant, genoprotective [21], sedative [8], and antidiabetic effects [22]. 
Some isolated compounds from D. microcarpum were also confirmed as 
active, such as diterpenes showed antifungal activity and inhibition 
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properties of acetylcholinesterase [11]. An isovaleronitrile glycoside 
possessed antibacterial activity [4]. 

In the present study, a further investigation on D. microcarpum was 
conducted to discover more active natural products. Finally, a new (1) 
and a known clerodane diterpenes (2), four known labdane diterpenes 
(3–6), along with four other compounds (7–10) (Fig. 1) were isolated 
from the ethyl acetate extract of D. microcarpum stem bark. Interestingly, 
the new diterpene (1) showed a pronounced protective potential on 
osteoporosis. 

Osteoporosis is a global and multifaceted bone disorder that affects 
the strengths and structures of bones. More than 200 million population 
suffer from osteoporosis. Generally, it affects women and men of all 
races. Osteoporosis occurs when the density and mass of bones decrease, 
thus increasing the risk of fractures. These fractures are associated with 
reduced quality of life, increased morbidity, and in the case of pelvic, 
hip, and spine fractures increased mortality. As compared to other 
health disorders, the health and social care burden due to osteoporosis is 
substantial [23–25]. 

Glucocorticoids (GCs) played key roles in the therapy of various 
ailments, such as asthma, inflammatory and autoimmune disorders 
[26]. Meanwhile, long-term consumption of GCs can commonly induce 
secondary osteoporosis, which is the leading cause of 30–50% of long- 
term GCs consumers have a high risk of fracture. However, the avail
able clinical approach against this complication remains limited 
[27,28]. Natural compounds, such as geniposide, have been proved to 
have a potent effect on GCs-induced osteoblast apoptosis [27,29,30]. A 
few diterpenes have been also approved to be effective [31–33]. Inter
estingly, the new diterpene (1) obtained from D. microcarpum in this 
study was found to be more potent than geniposide, which has been 
considered as a lead candidate and used as the standard in this study. 

2. Materials and methods 

2.1. General experimental procedures 

The Low- and High-resolution EI-MS spectra were recorded on JEOL 
MS route JMS 600H and Thermo Finnigan MAT 95XP, respectively. 
NMR spectra were recorded on Bruker Avance Neo and conducted on 
500 and 600 MHz Infrared (IR) spectroscopy technique was performed 
by an FTIR-Bruker vector 22 (Fourier Transform Infrared Spectropho
tometer) in KBr disk. UV–Visible technique and Melting point were 
performed on UV–Visible Spectrophotometer (Thermo scientific) and 
Buchi apparatus of melting respectively. Optical rotation and electronic 
circular dichroism (ECD) spectra were measured on Polarimeter JASCO 
P-200 and Circular Dichroism Spectro-Polarimeter JASCO-J-810 
respectively. 

2.2. Plant material 

The stem bark of Detarium microcarpum Guill. & Perr. was obtained 
from the campus of the University of Ilorin, Kwara State, Nigeria, in 
August in 2017. The material was authenticated at the Forest Herbarium 
Ibadan (FHI) in Forestry Research Institute of Nigeria (FRIN), where 
voucher specimens were deposited with a voucher number FHI 111953. 

2.3. Extraction and isolation 

A total of 6.5 kg dry stem bark of D. microcarpum was extracted by 
methanol via soaking. The combined and concentrated crude extract 
was reextracted by hexane, ethyl acetate, n-butanol, successively, 
resulting in the ethyl-acetate fraction (140 g). It was subjected to frac
tionation using silica gel column chromatography (CC) with a gradient 
elution of (CH2Cl2/MeOH) to afford 17 fractions. Fr-1 (1.08 g), Fr- 3 
(0.55 g), Fr-4 (0.36 g), and Fr-5 (0.16 g) were loaded to silica gel CC and 

Fig. 1. Structures of compounds 1–10.  
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eluted with a gradient elution of Hexane/Acetone to obtain 13, 8, 8, and 
11 sub-fractions, respectively. Whereas, the fractions Fr-6 (0.92 g), Fr-8 
(2.62 g), and Fr-9 (0.83 g) were loaded on reversed-phase C18 silica gel 
CC with gradient elution of 20%, 40%, 60%, 80%, and 100% MeOH in 
H2O to afford 10, 7, and 7 sub-fractions, respectively. Compound 7 (3 
mg) was crystallized from Fr-1− 2 (15 mg). Fr-3− 1 (210 mg) and Fr-4− 3 
(132 mg) were applied to silica gel CC to yield 5 and 7 sub-fractions, 
respectively. Fr-3-1-2 (120 mg) was further separated through silica gel 
CC using a gradient elution of Hexane/EtOAc to obtain six sub-fractions. 
Fr-3-1-2-6 (26 mg) was purified via NP-HPLC using Hexane/EtOAc (90/ 
10) as a mobile phase to get compound 4 (3.7 mg). Fr-4-3-4 (17.1 mg) 
was subjected to NP-HPLC by the system of Hexane/EtOAc (75:25) to 
yield compound 1 (5.3 mg). Fr-5− 7 (23.5 mg) was also purified through 
NP-HPLC using Hexane/EtOAc (75:25) to obtain compound 3 (7.6 mg) 
and 6 (2 mg). Fr-6 (0.92 g) was subjected to afford 10 sub-fractions 
through C18 CC eluted with gradient solvent systems of MeOH/H2O. 
Fr-6− 2 (114 mg), Fr-6− 3 (110 mg), and Fr-6− 6 (160 mg) were loaded on 
LH-20 Sephadex CC with isocratic elution of DCM/MeOH (1:1) as a 
mobile phase, respectively. The resulting semi-pure compounds were 
further purified by NP-HPLC with Hexane/EtOAc (70:30) to afford 
compound 5 (2.0 mg), DCM/MeOH (97:3) to provide compounds 2 
(10.1 mg), and by RP-HPLC with 35% MeOH to obtain compound 8 (2.0 
mg), respectively. Fr-8− 2 (450 mg) and Fr-9-2-3 were subjected to further 
purification using silica gel CC with gradient elution of Hexane/EtOAc 
and DCM/MeOH, respectively, to give compound 9 (total 4 mg) from 
both fractions. Finally, Fr-8− 6 was purified via NP-HPLC (DCM/MeOH 
97/3) to afford compound 10 (3.0 mg). 

6α-hydroxy-3,13E-ene-clerodien-15oic acid (1). 
A white powder; m. p. in the range of 121–123 ◦C; UV (MeOH) λmax: 

249 nm; IR (KBr) vmax (cm− 1): 3638 (O–H), 2956 (C–H), and 1693 
(C=O); CD [nm (mdeg)]: 376 (0.79), 314 (− 7.14), 250 (27.37), 230 
(− 3.45), 208 (15.78); EI-MS m/z 320.3 [M]+, HR-EI-MS m/z 320.2344 
[M]+ (calcd. For C20H32O3 320.2351); 1H NMR (CD3OD, 500 MHz) and 
13C NMR (CD3OD, 125 MHz) see Table 1. 

2.4. ECD calculation for compounds 1–4 

Conformational analysis was conducted for 1–4 under a molecular 
mechanics force field (MMFF94) using GMMX software with an energy 
cutoff of 10 kcal/mol. The density functional theory (DFT) framework 
with Gaussian 16 was utilized to optimize the obtained conformers. The 
conformers of compounds 2–4 were optimized using the B3LYP/6–31G 
(d) level of theory, in the IEFPCM solvent model in MeOH; and con
formers of compound 1 were optimized at the B97D/def2-SVP theory 

level by IEFPCM solvent model in MeOH. ECD spectrum of 2–4 was 
obtained at the B3LYP/6–31G(d) level, and 1 was calculated at the 
B97D/def2-SVP level according to Boltzmann distribution theory [34]. 
The experimental and calculated spectra were compared using excel. 

2.5. Protective effect on glucocorticoid (GC)-treated osteoblasts 

2.5.1. Cell culture 
MC3T3-E1 cell line was purchased from ATCC (American Type 

Culture Collection) (CRL-2593, Manassas, VA, USA), and cultured in 
alpha modified minimum essential medium (α-MEM) (Sigma-Aldrich) 
supplemented with 10% fetal bovine serum (FBS) (Thermo Fisher Sci
entific). Cells were cultured at 37 ◦C in a humidified atmosphere con
taining 5% CO2. A glucocorticoid, dexamethasone (DEX) was used at a 
concentration of 1 μM to induce apoptosis in osteoblasts. Geniposide was 
used as a standard at 10 μM [27]. Compounds were dissolved in 
dimethyl sulfoxide (DMSO). Compounds were treated at 0.008, 0.04, 
0.2, 1, and 5 μM concentrations for each experiment. 

2.5.2. Cell proliferation assay 
Cell proliferation of MC3T3-E1 osteoblasts was determined by using 

an MTT assay. Briefly, 1 × 103 cells were seeded in a 96-well cell culture 
plate and incubated for 24 h in 5% CO2 at 37 ◦C. Cells were then treated 
with DEX, DEX + standard, or DEX + compound, and further incubated 
for 48 h. Then 22 μL MTT reagents (5 mg/mL in PBS) were added in each 
well to attain a final concentration of 0.5 mg/mL. The microplate was 
further incubated for 3 h. After that, the culture medium was removed, 
and 100 μL DMSO was added to each well to dissolve the crystal for
mazan. The absorbance was read at 540 nm by a microplate reader 
(Spectra Max Plus, Molecular Devices, CA, USA). 

2.5.3. Cell apoptosis assay 
Results from MTT were further verified by flow cytometry analysis. 

For this MC3T3-E1 cells (1 × 106 /mL) were seeded in 6 well plates and 
incubated for 24 h, followed by treatment with DEX, DEX + standard, or 
DEX + compound. The plates were further incubated for 48 h. After that, 
the dead and live cells were collected, twice washed with PBS, and 
centrifuged at 2000 rpm for 10 min at 4 ◦C. The pellet was stained with 
3 μL of propidium iodide and 3 μL of Annexin V-FITC in 200 μL of 
Annexin-binding buffer. Finally, the plates were subjected to evaluate 
the number of apoptotic cells by fluorescence-activated cell sorting 
(FACS) analysis. 

2.5.4. Determination of ALP activity 
Cellular alkaline phosphatase (ALP) activity was quantified by 

alkaline phosphatase assay. Briefly, cells were seeded in 24-well plates. 
Followed by treatment with DEX, DEX + standard, or DEX + compound 
for 48 h. Next, cells were washed and lysed by using lysing lysis buffer 
containing paranitrophenylphosphatase (6 mM) and incubated at 37 ◦C 
for 1 h. Finally, 30 μL NaOH (1.5 M) was added to stop the reaction, and 
absorbance was recorded at 400 nm by using spectrophotometer reader 
(Spectra Max plus, Molecular Devices, CA, USA). 

2.5.5. Alizarin red staining 
Following incubation after treatment with DEX, DEX + standard, or 

DEX + compound, PBS was used to rinse the cell cultures 3 times, and 
4% paraformaldehyde (30 min) was used to fix, and then Alizarin Red 
was used to stain (30 min). The plates were then analyzed under a light 
microscope (fluorescence microscope TE-2000, Nikon Japan). 

2.5.6. Statistical analysis 
Statistical analysis was performed by using a one-way analysis of 

variance, and all data were presented as mean ± SD. 

Table 1 
1H NMR and 13C NMR data of compound 1.  

No. δH (CD3OD, 500 MHz) δC (CD3OD, 125 MHz) 

1 1.61 (overlapped) 19.0 
2 2.02 (overlapped) 27.7 
3 5.18 brs 122.7 
4  145.6 
5  45.2 
6 3.44 dd (8.5, 6.5) 76.4 
7 1.55 (overlapped) 38.8 
8 1.63 (overlapped) 35.9 
9  39.6 
10 1.30 dd (10.5, 3.5) 47.0 
11 1.42 td (12.5, 5.0); 1.53 (overlapped) 37.9 
12 2.00 (overlapped); 1.89 td (12.5, 5.0); 35.2 
13  159.8 
14 5.64 brs 118.2 
15  171.6 
16 2.10 d (1.0) 19.0 
17 0.85 d (6.5) 16.0 
18 1.80 brs 22.8 
19 1.01 s 15.7 
20 0.74 s 18.3  
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2.6. Oxidative burst assay 

The oxidative burst method, which employs a luminol-enhanced 
chemiluminescence technique [35], was used. Diluted human blood 
(25 μL) in buffer HBSS++ (Helfand Balanced Salt Solution purchased 
from Sigma-Aldrich, St. Louis, USA) was treated with the compounds or 
standard ibuprofen (concentrations: 1, 10, and 100 μg/mL; volume: 25 
μL) each in triplicate. Control wells contained cells and HBSS++ in the 
absence of compounds. The compounds or the standard were incubated 
with blood at 37 ◦C for 15 min in 96 well half area plate in the ther
mostatic luminometric chamber [Labsystems, Finland]. 25 μL of serum 
opsonized zymosan (SOZ) obtained from Fluka Switzerland, and 25 μL 
of luminol purchased from Research Organics, USA were added, except 
into blank wells (containing only HBSS++ only). Relative light units 
(RLU) were used to count the level of reactive oxygen species (ROS) 
generation. 

2.7. Cytotoxicity 

MCF-7 (breast cancer), NCI-H460 (lung cancer), Hela (cervical can
cer) cell lines, and BJ (normal human fibroblast) cell lines were collected 
from cell culture biobank (PCMD, ICCBS). DMEM medium was used for 
MCF-7, Hela, and BJ, and RPMI (ATCC modified medium) was used for 
NCI-H460. The media was supplemented with 10% FBS, 100 IU/mL of 
penicillin, and 100 μg/mL of streptomycin, and kept at 37 ◦C in a 5% 
CO2 incubator. The inhibition was investigated by MTT assay. Briefly, 
100 μL/well of cell solutions (10 × 104 cells/mL MCF-7 cells, 5 × 104 

cells/mL NCI-H460 cells, 6 × 104 cells/mL Hela cells, or 5 × 104 cells/ 
mL BJ cells), were added into 96-well plate and incubated for 24 h at 
37 ◦C, before treatment with positive control doxorubicin and tested 
compounds 6.25–50 μM, or negative control DMSO for 48 h. After this, 
20 μL of MTT (5 mg/mL) was added to each well and then incubated for 
4 h at 37 ◦C. Then 100 μL DMSO was added to each well to dissolve the 
purple formazan crystal. The absorbance was analyzed at 570 nm (for 
MCF-7, NCI-H460, and Hela) or 550 nm (for BJ) using an ELISA plate 
reader. The IC50 value of active compounds (inhibition >50% at 50 μM) 
was calculated using the EZ-Fit. 

3. Results and discussion 

The molecular formula of compound 1 (Fig. 1) was established as 
C20H32O3 by the HR-EI-MS at m/z 320.2344 [M]+ (calc. 320.2351), 
suggesting the presence of five unsaturation degrees. The UV spectrum 
showed maximum absorption at 249 nm and the IR spectrum displayed 
absorption bands at 3638 (O–H), 2956 (C–H), and 1692 (C=O) cm− 1. 
The 1H NMR data (Table 1) exhibited five methyl signals resonating at 
δH 0.74, 0.85, 1.01, 1.80, and 2.10, along with two olefinic protons at δH 
5.18 (br s) and 5.64 (br s). The 13C NMR and DEPT spectrum indicated 
the presence of 20 carbons, which were composed of five quaternary 
carbons, five methines, five methylenes, and five methyls. Above NMR 
data strongly suggested a skeleton of a diterpene. A comparison of the 

NMR data with reported literature indicated that 1 was structurally 
similar to 3,13E-clerodien-15-oic acid [9], except for the presence of an 
oxymethine proton at δH 3.44. The proton signal at δH 3.44, which 
corresponded to the carbon signal at δC 76.4 in the HSQC spectrum, was 
correlated with δC 15.7 (C-19), 35.9 (C-8), 38.8 (C-7), 45.2 (C-5), and 
145.6 (C-4) in the HMBC spectrum. The methine carbon at δC 76.4 was 
correlated with δC 1.01 (H3–19), 1.55 (H2–7), and 1.63 (H-8). Likewise, 
the COSY spectrum showed the linear correlation of δH 3.44 (H-6) with 
δH 1.55 (H-7). All the evidences support the location of the hydroxyl 
group at C-6. Furthermore, the α-orientation of hydroxyl was confirmed 
by the NOESY correlation between δH 3.44 (H-6) and δH 1.30 (H− 10) 
(Fig. 2). In addition, the trans form of Δ13 was confirmed by the 
chemical shift of CH3–16 (δH 2.10, d, J = 1.0 Hz), which was in good 
agreement with the similar compound 3,13E-clerodien-15-oic acid [9]. 
Besides, CH3–16 (δH 2.10) did not show correlation with H-14 (δH 5.64 
brs) in the NOESY spectrum, which also further proved Δ13 as a trans 
double bond. 

Neo-clerodane-type and ent-clerodane-type diterpenes have the same 
correlations in the NOESY spectrum. Electronic circular dichroism 
(ECD) calculation is an effective approach to confirming the absolute 
configuration [36]. After comparison of experimental ECD and calcu
lated ECD of two possible conformations of compound 1 (Fig. 3A), the 
structure was deduced as ent-clerodane-type, namely 6α-hydroxy-3,13E- 
ent-clerodien-15-oic acid (1) as a new diterpene. 

NMR data of compound 2 was identical to 2-oxokolavenic acid [37], 
which was already isolated from D. microcarpum [9–11]. However, the 
structure was shown as neoclerodane-type by Cavin et al. [11], but ent- 
clerodane-type by Aquino et al. [10] and Lajide et al. [9], which lead to a 
confusion about the absolute configuration. Therefore, an ECD calcu
lation was performed for 2. Finally, compound 2 was determined as ent- 
clerodane type (Fig. 3B). This is the first time to confirm the absolute 
configuration of 2-oxokolavenic acid (2). 

Compound 3 was identified as rhinocerotinoic acid, which was re
ported from Elytropappus rhinocerotis [38] and Plectranthus ornatus [39]. 
It was identified from D. microcarpum recently through LC-MS/MS by 
Mbock et al. However, the structure was shown as Δ13 Z instead of Δ13 E 
[12], although the NMR data perfectly matched rhinocerotinoic acid 
having Δ13 E [38]. Mbock et al. [12] identified the structure based on the 
reference [40], but in this cited article, the structure was confirmed 
through another original publication [38]. In this reference [38], Dekker 
et al. reported the NMR data of both Δ13 Z and Δ13 E isomers, and the 
structures were confirmed by X-ray. The chemical shift of CH3–16 of 
Δ13 E isomer is δH 2.20, and of Δ13 Z isomer is δH 1.98. In the reference 
of Mbock et al. [12], the chemical shift of CH3–16 (δH 2.14) indicated 
clearly it is Δ13 E form. Therefore, the structure shown in the article 
(Δ13 Z) is wrong. ECD was also performed to confirm the absolute 
configuration of 3 as labdane-type diterpene (Fig. 3C), which is in 
agreement with the X-ray structure [38]. 

Compound 4's data was in a good agreement with reported copalic 
acid from D. microcarpum [11]. The relative configuration was 
confirmed, but the absolute configuration was not determined, and the 

Fig. 2. Key COSY, HMBC, and NOESY correlations of compound 1.  
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structure was drawn as ent-labdane type [11]. Therefore, ECD calcula
tion of this compound was also conducted (Fig. 3D), and 4 was 
demonstrated as a labdane type diterpene. This is the first time to 
confirm the absolute configuration of copalic acid (4). 

The structures of compounds 5–10 were deduced as 6β-hydroxy- 
labda-8(17),13E-dien-15-oic acid (5) [41], agatholic acid (6) [42], 
lupeol (7) [4,14,43], daucosterol (8) [4,44], vanillic acid (9) [45], and 
4-O-methyl gallic acid (10) [43,46] by comparison with reported NMR 
and Mass data. Among them, compounds 5, 6, 9, and 10 were first time 
isolated from this plant. 

Compounds 1–3 and 8–10 proceeded for protective effect on 
glucocorticoid (GC)-treated osteoblasts, anti-inflammatory activity, and 
cytotoxicity evaluation. MTT assay proved that compound 1 possessed a 
significant protective effect towards dexamethasone (DEX)-induced 
osteoblast apoptosis at all tested concentrations (0.008, 0.04, 0.2, 1, and 
5 μM). The most potent effective dose was observed at 1 μM, which is 
equivalent to the positive control geniposide at 10 μM (Fig. 4A). The 
results were also confirmed through flow cytometric analysis. It is 
observed that DEX (1 μM) induced apoptosis in osteoblasts by bringing 
down the osteoblast population to 52.8% in comparison with the non- 
treated control group having 94.8% cells in the live region. Compound 
1 showed a protective effect towards DEX-induced apoptosis in the os
teoblasts in a dose-dependent manner between 0.008 and 1 μM, having 
the highest cell population of 92.4% at 1 μM, which was even better than 
the standard geniposide having 90.1% at 10 μM (Fig. 4B). Two impor
tant markers of osteoblast differentiation and proliferation, alkaline 
phosphatase (ALP) and mineralization were analyzed. It was observed 
that alkaline phosphatase levels increased in dose-dependent manner by 
decreasing the apoptotic effect of DEX, significantly at 1 μM (Fig. 5A). 
Alizarin Red staining images showed that DEX significantly induced 
apoptosis in osteoblasts because less number of cells was observed in 
images. Compound 1 enhanced the differentiation and proliferation by 
showing a protective effect at all indicated concentrations. It was 

observed that compound 1 at 1 μM significant stain mineralized nodules 
and increases the number of cells was also observed which was also near 
to standard and untreated control (Fig. 5B). 

Moreover, compounds 1–3 and 8–10 were also proceeded for anti- 
inflammatory activity by reactive oxygen species (ROS) production in
hibition. Compound 9 (vanillic acid) showed a pronounced inhibition on 
ROS (IC50 6.5 ± 0.6 μM), and 10 (4-O-methyl gallic acid) showed a good 
inhibition with IC50 as 103.3 ± 2.2 μM), compared with the standard 
drug ibuprofen (IC50 54.2 ± 9.2 μM). This is one more piece of evidence 
of vanillic acid about its significant anti-inflammatory property, 
although it is just used as a flavoring agent [47]. Cytotoxicity of com
pounds 1–3 and 8–10 was evaluated against MCF-7 (breast cancer), NCI- 
H460 (lung cancer), Hela (cervical cancer), and BJ (normal human 
fibroblast) cell lines. All tested compounds displayed no cytotoxicity. 
Compounds 4–7 were not performed for activity evaluation due to 
limited quantity. 

4. Conclusion 

This work describes the isolation of a new clerodane diterpene (1) 
along with nine known compounds (2− 10) from D. microcarpum. 
Compound 1 was found to be a potential candidate for the prevention 
and treatment of osteoporosis with a more significant effect than geni
poside. Vanillic acid is further confirmed to have anti-inflammatory 
potential with a pronounced inhibition of ROS (IC50 6.5 ± 0.6 μM) 
compared with the standard drug ibuprofen (IC50 54.2 ± 9.2 μM). 
Compounds 1–3 and 8–10 were non-cytotoxic on three cancer cell lines 
and the normal human cell line (BJ). 
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Fig. 4. Effects of compound 1 on the proliferation of dexamethasone (DEX) treated MC3T3-E1 cells. (A) MC3T3-E1 cell proliferation was detected using MTT assays. The data was presented by mean ± SEM obtained 
from triple experiments. ### P < 0.01 compare with control, *** P < 0.01 compare with DEX group. (B) Detection of DEX treated MC3T3-E1 cells survival rate of different groups by flow cytometer. The values in the 
left bottom quadrant indicate the live cells. 

R. Irshad et al.                                                                                                                                                                                                                                  



Fitoterapia 160 (2022) 105226

7

Resources. Aziz ur-Rehman: Validation. Yan-Gang Cao: Software, 
Data curation. Aneela Fayaz: Software. Farooq-Ahmad Khan: Writing 
– review & editing. Atia tul-Wahab: Supervision. M. Iqbal Choudhary: 
Supervision, Funding acquisition. Yan Wang: Supervision, Conceptu
alization, Methodology, Writing – review & editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgements 

The authors appreciate the National Administration of Traditional 
Chinese Medicine, P. R. China, and Health & Population Welfare 
Department, Government of Sindh, Pakistan, for the support to “Sino- 
Pakistan Cooperation Center on Traditional Chinese Medicine (No. 
GZYYGJ2020023)” located at the International Center for Chemical and 
Biological Sciences, University of Karachi, Pakistan. The authors are 
grateful for financial support from the Pakistan Science Foundation for 
the support of No. PSF/CRF/18th Protocol (13). The authors acknowl
edged the support from Higher Education Commission, Pakistan, for the 
support to the NRPU 2021 #17603. Finally, the Natural Science Foun
dation of China (82003946) are gratefully acknowledged. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.fitote.2022.105226. 

References 

[1] P.A. Akah, C.S. Nworu, F.N. Mbaoji, I.A. Nwabunike, C.A. Onyeto, Genus detarium: 
ethnomedicinal, phytochemical and pharmacological profile, Phytopharmacology. 
3 (2012) 367–375. 

[2] A. Zakari, D. Kubmarawa, A.S. Osemeohon, S. Dzarma, E.B. Baba, In vivo acute 
toxicity (LD50) studies and phytochemical screening of stem bark extracts of 
Detarium microcarpum guilt and per (Caesalpinioideae) and Myosortis scorpioides 
L. (Boraginaceae), New Mater. Compd. Appl. 1 (2017) 36–44, https://doi.org/ 
10.19080/ctbeb.2018.14.555891. 

[3] S.C. Ihenetu, C. Ikpa, V.O. Njoku, G.I. Kalu, O.B. Isiuku, S. Nwangwu, GC-MS 
analysis of phytochemical composition, antibacterial and antioxidant properties of 

ethanolic extract of Detarium microcarpum (OFOR), Med. Anal. Chem. Int. J. 4 
(2020), 000158, https://doi.org/10.23880/macij-16000158. 

[4] W.F. Feudjou, A.M. Mbock, M.B.W. Ouahouo, V.T. Sielinou, R.K. Gounoue, 
P. Mkounga, B.N. Lenta, T. Dimo, F.B. Fekam, N. Sewald, A.E. Nkengfack, An 
antibacterial isovaleronitrile diglycoside from Detarium microcarpum Guill, Perr. 
(Fabaceae) Nat. Prod. Commun. 15 (2020) 1–6, https://doi.org/10.1177/ 
1934578X20936939. 

[5] N.B. Bernard, I.N. Latif, S. Adnan, I. Hamza, J.A. William, Effect of seed pre- 
treatment and its duration on germination of Detarium microcarpum (Guill. And 
Perr.), African, J. Environ. Sci. Technol. 13 (2019) 317–323, https://doi.org/ 
10.5897/ajest2019.2706. 

[6] R. Ablasse, C. Moussa, K. Martin, Anti-hemolytic and reduction of lipid 
peroxidation capacities of Detarium microcarpum Guill. And Perr. Fruits, African, 
J. Pharm. Pharmacol. 12 (2018) 106–111, https://doi.org/10.5897/ 
ajpp2016.4642. 

[7] J.A. Olugbuyiro, O.F. Akinbohum, In vitro activity of Bryophyllum pinnatum and 
Detarium microcarpum plants against mycobacterium tuberculosis and other 
bacteria, Nat. Prod. Res. Bull. 1 (2012) 12–18. http://www.esciencecentral.or 
g/journals/natural-products-research-2329-6836.1000e101.php?aid=9813. 

[8] E.N. Bum, Antiepileptic medicinal plants used in traditional medicine to treat 
epilepsy, Clin. Genet. Asp. Epilepsy (2011) 175–192. 

[9] L. Lajide, P. Escoubas, J. Mizutani, Termite antifeedant activity in Detarium 
microcarpum, Phytochemistry. 40 (1995) 1101–1104, https://doi.org/10.1016/ 
0031-9422(95)00153-X. 

[10] R. Aquino, M.L. Ciavatta, N. De Tommasi, E. Gàcs-Baitz, Tetranorditerpenes from 
Detarium microcarpum, Phytochemistry. 31 (1992) 1823–1825, https://doi.org/ 
10.1016/0031-9422(92)83158-U. 

[11] A.L. Cavin, A.E. Hay, A. Marston, H. Stoeckli-Evans, R. Scopelliti, D. Diallo, 
K. Hostettmann, Bioactive diterpenes from the fruits of Detarium microcarpum, 
J. Nat. Prod. 69 (2006) 768–773, https://doi.org/10.1021/np058123q. 

[12] M.A. Mbock, W.F. Fouatio, R.G. Kamkumo, P.V. Tsouh Fokou, F.N. Tsofack, P. 
K. Lunga, J.J. Essia Ngang, O. Boyomo, A.E. Nkengfack, B.L. Ndjakou, N. Sewald, F. 
F. Boyom, T. Dimo, In vitro and in vivo anti-salmonella properties of 
hydroethanolic extract of Detarium microcarpum Guill. & Perr. (Leguminosae) root 
bark and LC-MS-based phytochemical analysis, J. Ethnopharmacol. 260 (2020) 
113049, https://doi.org/10.1016/j.jep.2020.113049. 

[13] P. Abreu, A. Relva, Carbohydrates from Detarium microcarpum bark extract, 
Carbohydr. Res. 337 (2002) 1663–1666, https://doi.org/10.1016/S0008-6215(02) 
00025-3. 

[14] P.M. Abreu, V.S. Rosa, E.M. Araujo, A.B. Canda, O. Kayser, K.U. Bindseil, K. Siems, 
A. Seemann, A. Seemann, Phytochemical analysis and antimicrobial evaluation of 
Detarium microcarpum bark extracts, Pharm. Pharmacol. Lett. 8 (1998) 107–109. 

[15] J.A.O. Olugbuyiro, J.O. Moody, M.T. Hamann, Inhibitory activity of Detarium 
microcarpum extract against hepatitis C virus, African, J. Biomed. Res. 12 (2009) 
149–151. 

[16] S. Abubakar, H. Ibrahim, G.O. Adeshina, B.O. Olayinka, Antibacterial studies of the 
stem bark of Detarium microcarpum Guill. & Perr. (Fabaceae), Int. J. Nanotechnol. 
Med. Eng. 2 (2017) 32–41, https://doi.org/10.25141/2474-8811-2017-4.0032. 

[17] G.C. Ebi, O.E. Afieroho, Phytochemical and antimicrobial studies on Detarium 
microcarpum guill and sperr (Caesalpinioceae) seeds coat, African, J. Biotechnol. 
10 (2011) 457–462, https://doi.org/10.5897/AJB09.2009. 

[18] Z.K. Mohammed, D. Templeton, H.G. Hamza, A. Gidado, I. Hussaini, Detarium 
microcarpum stem-bark extracts induce apoptosis in human breast 
adenocarcinoma MDA-MB 231 cells via cJNK activation and mitochondrial 
cytochrome C release, J. Pharm. Biomed. Sci. 6 (2016) 439–444. 

[19] I.A. Adebayo, H.A. Gagman, W.G. Balogun, M.A.A. Adam, R. Abas, K.R. Hakeem, 
N.A.I.I. Bin Nik Him, M.R. Bin Samian, H. Arsad, Detarium microcarpum, Guiera 
senegalensis, and Cassia siamea induce apoptosis and cell cycle arrest and inhibit 

Fig. 5. Quantitative analysis of the expression of alkaline phosphatase (ALP) and Alizarin Red staining. (A) ALP activity in DEX treated MC3T3-E1 cells. The data was 
presented by mean ± SEM obtained from triple experiments. ### P < 0.01 compare with control, *** P < 0.01 compare with DEX group. (B) Alizarin Red staining of 
the DEX treated MC3T3-E1 cells. Images were captured at 10× magnification. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 

R. Irshad et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.fitote.2022.105226
https://doi.org/10.1016/j.fitote.2022.105226
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0005
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0005
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0005
https://doi.org/10.19080/ctbeb.2018.14.555891
https://doi.org/10.19080/ctbeb.2018.14.555891
https://doi.org/10.23880/macij-16000158
https://doi.org/10.1177/1934578X20936939
https://doi.org/10.1177/1934578X20936939
https://doi.org/10.5897/ajest2019.2706
https://doi.org/10.5897/ajest2019.2706
https://doi.org/10.5897/ajpp2016.4642
https://doi.org/10.5897/ajpp2016.4642
http://www.esciencecentral.org/journals/natural-products-research-2329-6836.1000e101.php?aid=9813
http://www.esciencecentral.org/journals/natural-products-research-2329-6836.1000e101.php?aid=9813
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0040
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0040
https://doi.org/10.1016/0031-9422(95)00153-X
https://doi.org/10.1016/0031-9422(95)00153-X
https://doi.org/10.1016/0031-9422(92)83158-U
https://doi.org/10.1016/0031-9422(92)83158-U
https://doi.org/10.1021/np058123q
https://doi.org/10.1016/j.jep.2020.113049
https://doi.org/10.1016/S0008-6215(02)00025-3
https://doi.org/10.1016/S0008-6215(02)00025-3
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0070
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0070
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0070
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0075
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0075
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0075
https://doi.org/10.25141/2474-8811-2017-4.0032
https://doi.org/10.5897/AJB09.2009
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0090
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0090
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0090
http://refhub.elsevier.com/S0367-326X(22)00104-6/rf0090


Fitoterapia 160 (2022) 105226

8

metastasis on MCF7 breast cancer cells, evidence-based complement, Altern. Med. 
2019 (2019) 6104574, https://doi.org/10.1155/2019/6104574. Article ID. 

[20] I.A. Adebayo, H. Arsad, H.A. Gagman, N.Z. Ismail, M.R. Samian, Inhibitory effect of 
eco-friendly naturally synthesized silver nanoparticles from the leaf extract of 
medicinal Detarium microcarpum plant on pancreatic and cervical cancer cells, 
Asian Pacific, J. Cancer Prev. 21 (2020) 1247–1252, https://doi.org/10.31557/ 
APJCP.2020.21.5.1247. 

[21] A. Rouamba, M. Ouedraogo, M. Kiendrebeogo, Antioxidant capacity and 
genoprotective effect of ethanol fruit extract from Detarium microcarpum Guill. 
And Perr. (Caesalpiniaceae), Asian Pac, J. Trop. Biomed. 7 (2017) 32–36, https:// 
doi.org/10.1016/j.apjtb.2016.10.009. 

[22] C.E. Okolo, P.A. Akah, S.U. Uzodinma, Antidiabetic activity of the root extract of 
Detarium microcarpum (Fabaceae) Guill and Perr, Phytopharmacology. 3 (2012) 
12–18, https://doi.org/10.1055/s-0034-1382543. 

[23] T. Sozen, L. Ozisik, N., Calik Basaran, an overview and management of 
osteoporosis, Eur. J. Rheumatol. 4 (2017) 46–56, https://doi.org/10.5152/ 
eurjrheum.2016.048. 

[24] T.D. Rachner, S. Khosla, L.C. Hofbauer, Osteoporosis: now and the future, Lancet. 
377 (2011) 1276–1287, https://doi.org/10.1016/S0140-6736(10)62349-5. 

[25] B.L. Langdahl, Overview of treatment approaches to osteoporosis, Br. J. 
Pharmacol. 178 (2021) 1891–1906, https://doi.org/10.1111/bph.15024. 

[26] P.J. Barnes, Glucocorticoids, Chem. Immunol. Allergy. 100 (2014) 311–316, 
https://doi.org/10.1159/000359984. 

[27] B.C. Xie, J.H. Wu, Y.M. Li, X.J. Wu, Z.W. Zeng, C.H. Zhou, D.H. Xu, L.H. Wu, 
Geniposide alleviates glucocorticoid-induced inhibition of osteogenic 
differentiation in MC3T3-E1 cells by ERK pathway, Front. Pharmacol. 10 (2019), 
https://doi.org/10.3389/fphar.2019.00411. Article 411. 

[28] R.S. Weinstein, Glucocorticoid-induced bone disease, N. Engl. J. Med. 365 (2011) 
62–70. 

[29] D. Ran, W. Hong, W. Yan, W. Mengdie, Properties and molecular mechanisms 
underlying geniposide-mediated therapeutic effects in chronic inflammatory 
diseases, J. Ethnopharmacol. 273 (2021), 113958, https://doi.org/10.1016/j. 
jep.2021.113958. 

[30] Y.Z. Zheng, Y.S. Xiao, D. Zhang, S.S. Zhang, J. Ouyang, L.F. Li, W.M. Shi, R. Zhang, 
H. Liu, Q. Jin, Z.X. Chen, D.H. Xu, L.H. Wu, Geniposide ameliorated 
dexamethasone-induced cholesterol accumulation in osteoblasts by mediating the 
GLP-1R/ABCA1 axis, Cells. 10 (2021) 3424. 

[31] T. Dao, K. Lee, H. Jeong, P.-H. Nguyen, T.L. Tran, P. Thuong, B. Nguyen, W. Oh, 
Ent -Kaurane Diterpenoids from Croton tonkinensis stimulate osteoblast 
differentiation, J. Nat. Prod. 74 (2011) 2526–2531, https://doi.org/10.1021/ 
np200667f. 

[32] N.X. Cuong, T.A. Tuan, P. Van Kiem, C. Van Minh, E.M. Choi, Y.H. Kim, New 
cembranoid diterpenes from the Vietnamese soft coral Sarcophyton mililatensis 
stimulate osteoblastic differentiation in MC3T3-E1 cells, Chem. Pharm. Bull. 56 
(2008) 988–992, https://doi.org/10.1248/cpb.56.988. 

[33] M. Faheem Khan, K. Dev, S. Lahiri, M. Dixit, R. Trivedi, D. Singh, R. Maurya, 
Osteogenic activity of natural diterpenoids isolated from Cupressus sempervirens 
fruits in calvarial derived osteoblast cells via differentiation and mineralization, 
Phytomedicine. 21 (2014) 1794–1800, https://doi.org/10.1016/j. 
phymed.2014.09.004. 

[34] Y.G. Cao, Y.J. Ren, Y.L. Liu, M.N. Wang, C. He, X. Chen, X.L. Fan, Y.L. Zhang, Z. 
Y. Hao, H.W. Li, X.K. Zheng, W.S. Feng, Iridoid glycosides and lignans from the 
fruits of Gardenia jasminoides Eills, Phytochemistry. 190 (2021), 112893, https:// 
doi.org/10.1016/j.phytochem.2021.112893. 

[35] S.L. Helfand, J. Werkmeister, J.C. Roder, Chemiluminescence response of human 
natural killer cells. I. The relationship between target cell binding, 
chemiluminescence, and cytolysis, J. Exp. Med. 156 (1982) 492–505. 

[36] A.E. Nugroho, H. Morita, Circular dichroism calculation for natural products, 
J. Nat. Med. 68 (2014) 1–10, https://doi.org/10.1007/s11418-013-0768-x. 

[37] C.M. Hasan, T.M. Healey, P.G. Waterman, Kolavane and kaurane diterpenes from 
the stem bark of Xylopia aethiopica, Phytochemistry. 21 (1982) 1365–1368, 
https://doi.org/10.1016/0031-9422(82)80143-X. 

[38] T.G. Dekker, T.G. Fourie, E. Matthee, F.O. Snyckers, C.J. van der Schyf, Studies of 
South African medicinal plants. Part 7. Rhinocerotinoic acid: a labdane diterpene 
with anti-inflammatory properties from Elytropappus rhinocerotis, S. Afr. J. Chem. 
41 (1988) 33–37. 

[39] P. Rijo, C. Gaspar-Marques, M.F. Simões, M.L. Jimeno, B. Rodríguez, Further 
diterpenoids from Plectranthus ornatus and P. grandidentatus, Biochem. Syst. Ecol. 
35 (2007) 215–221, https://doi.org/10.1016/j.bse.2006.10.011. 

[40] C.A. Gray, M.T. Davies-Coleman, D.E.A. Rivett, An improved synthesis of 
rhinocerotinoic acid, Tetrahedron. 59 (2003) 165–173, https://doi.org/10.1016/ 
S0040-4020(02)01481-3. 
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