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ABSTRACT

Natural matrix metalloproteinases (MMP) inhibitors are novel therapeutic interventions for the management of 
ailments associated with anomalous expressions of MMPs. Annoying side effects of existing synthetic chemical MMP 
inhibitors direct us toward natural sources. In this regard, here active principles of MeOH extract of Peltophorum 
pterocarpum leaves are reported to be a possible source. Five active principles with MMP inhibitory activity were 
purified by chromatography and identified using high-resolution liquid chromatography-mass spectrometry and 
proton nuclear magnetic resonance techniques. The identified compounds were quinapril, 27-nor-5b-cholestane-3a, 
7a, 12a, 24, 25-pentol, ergosterol acetate, 6-exomrthylenesimvastatin, and flurandrenolide. In vitro solution assays 
were demonstrated that these compounds were effective in inhibition of Clostridium histolyticum collagenase, human 
recombinant MMP-2, and MMP-9. Unambiguously, quinapril exhibited the highest (98.86%) while flurandrenolide 
exhibited the lowest (65.36%) MMP-9 inhibition. Whereas, 27-nor-5b-cholestane-3a, 7a, 12a, 24, 25-pentol, and 
flurandrenolide showed 98.28% and 63.87% MMP-2 inhibition. Ergosterol acetate showed moderate inhibition 
toward both MMP-2 and MMP-9. Our results indicate that MeOH extract of P. pterocarpum leaves is enriched 
with compounds with MMP inhibitory potential and could be explored as therapeutic for the management of MMPs 
related disorders.

1. INTRODUCTION

Matrix metalloproteinases (MMPs) are proteolytic enzymes found to 
degrade extracellular matrix (ECM) proteins in the human body. They 
are Zn2+ and Ca2+ dependent endopeptidases comprising 25 different 
variants. Based on substrate specificity, MMPs are also named as 
gelatinases comprising MMP-2 and MMP-9, collagenases comprising 
MMP-1 and MMP-13, membrane MMPs, and stromelysins or 
MMP-3 [1]. These enzymes are synthesized as zymogens or proenzymes 
and found to activate on the extracellular membrane [2-4]. The MMPs 
in normal physiological conditions are involved in angiogenesis, 
embryogenesis, tissue repair, wound healing, and apoptosis [5,6].

Particularly, normal manifestation of gelatinases (MMP-2 and MMP-9) 
is considered vital for reproduction, growth, and development of human. 
The elevated level of these MMPs is found in several pathological 
conditions such as cardiovascular diseases, cancer, arthritis, pulmonary, 
and skin diseases [5,7,8]. Earlier studies indicated a correlation between 
the elevation of MMPs expression and the progression of cervical and 
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ovarian cancers [9-11]. MMP-2 and MMP-9 have been suggested to 
be linked with the development, invasion, and metastasis of colorectal 
cancer [12]. Inhibition of MMP-2 and MMP-9 (or gelatinase A and 
gelatinase B) is a probable way to suppress the growth of cancer and 
could be an attractive drug target for the treatment of cancer and other 
MMPs-related disorders [13-15]. Earlier plant-derived compounds 
with MMPs inhibitory activity have been found to suppress cancer 
growth without side effects [16-18]. Continuous efforts to identify such 
active principles from plants will provide natural drug candidates for 
the treatment of cancers and MMPs-related disorders.

Peltophorum pterocarpum (DC.) Baker ex. K. Heyne is an decorative 
plant with medicinal values. P. pterocarpum is distributed in the 
tropical region of the world. The bark of P. pterocarpum is used to treat 
dysentery, eye disease, muscular pains, toothache, muscular pains, and 
sores [19]. The flowers extract exhibits cardiotonic, antimicrobial, 
and antioxidative activity [20]. P. pterocarpum possesses analgesic 
and cytotoxic effects [21]. The plant extract is also used to treat 
insomnia and is found to induce good sleep [22]. The active principle 
compounds such as tannins, triterpenes, steroids, flavonoids, and 
glycoside were reported from P. pterocarpum [21,23]. Bergenin and 
C-glucoside isolated from P. pterocarpum were reported to have anti-
inflammatory, anti-arthritic, anti-diabetic, anti-HIV, hepatoprotective, 
anti-arrhythmic, and neuroprotective activities [24-32].
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In the present study, an effort has been made for bioactivity-guided 
fractionation of methanol extract from leaves of P. pterocarpum 
leading to the purification and identification of active principle 
compounds with MMP inhibitory activity. Inhibitory assays against 
MMP-2 and MMP-9 (human recombinant proteins) were executed by 
in vitro solution assay using azocasein as substrate.

2. MATERIALS AND METHODS

2.1. Materials
Human recombinant MMP-2 and MMP-9, azocasein, and trypsin 
inhibitor were purchased from Sigma Aldrich, trichloroacetic acid 
(TCA), silica-gel (mesh size 60–120), NaOH, Tris-buffer, X-ray films, 
calcium chloride, methanol, chloroform, hexane, and ethyl acetate 
were obtained from RANKEM, thin layer chromatography (TLC) 
plates (silica gel 60 F254) procured from Merck, Germany. Purification 
of compounds was done by high-performance liquid chromatography 
(HPLC) (Agilent Technologies, Eclipse XDB-C18). The chemicals 
and reagents used in this investigation were of analytical grade.

2.2. Purification of Bioactive Compounds from P. pterocarpum 
Leaves
P. pterocarpum leaves were collected in the campus of Dr. Babasaheb 
Ambedkar Marathwada University, Aurangabad - 431 004 (MS), India. 
The leaves of P. pterocarpum were rinsed with distilled water twice and 
dried at room temperature. Using Mixer Grinder dried leaves (2.25 kg) 
leaves were crushed to fine powder. For preliminary fractionation, the 
powder was sequentially soaked in n-hexane, chloroform (CHCl3), 
ethyl acetate (EtOAc), and methanol (MeOH) in the ratio of 1:10 w/v. 
All extracts were incubated at room temperature (27–28°C) for 10–
12 h with recurrent shaking.

The extracts were filtered by cellulosic filter papers and filtrates were 
further used as the crude source of MMPs inhibitors. On preliminary 
screening, only ethyl acetate and methanol extracts were found to 
have inhibitory activity against Clostridium histolyticum collagenase 
(ChC, sequence similarities to human MMPs) on X-ray film by dot 
blot assay. MeOH extract exhibited prominent activity and was used 
for further investigation.

MeOH was evaporated from MeOH extract to concentrate active 
principles and the final weight of precipitate was 125 g. Half of the 
MeOH precipitate was dissolved in 1.5 lit of MeOH: CHCl3 (1:9 v/v) 
mixture for further fractionation, stirred vigorously, and filtered through 
Whatman filter paper. The solvents from the filtrate were evaporated 
at their boiling points and 10.4 g of gummy greenish precipitate was 
obtained. This precipitate was designated as A fraction and subjected 
to silica gel (mesh size 100–200) column chromatography by applying 
increasing order of linear gradient of MeOH in CHCl3. Eleven fractions 
(A1 to A11) were collected and the fractions A1, A2, and A3 were 
reported to have ChC inhibitory activity. Fraction A3 showing good 
ChC inhibitory activity (1.94  g) was subjected to silica gel column 
chromatography and 05 sub-fractions (A3 (1) to A3 (5)) were eluted and 
analyzed for ChC inhibitory activity. The sub-fraction A3 (4) showed 
high ChC inhibitory activity further applied to TLC analysis and 03 
active principle compounds (compounds 1, 2, 3) were observed. These 
three active principle compounds were further purified by preparative 
TLC using a mobile phase MeOH: CHCl3 (2: 8 v/v).

The remaining half of the MeOH extract (powder precipitate, which 
was not soluble in MeOH: CHCl3  1:9  v/v) was subjected to solid-
liquid fractionation with rising order of linear gradient of MeOH in 

dichloromethane (DCM) in the ratios 2:8 (B fraction), 4:6 (D fraction), 
6:4 (E fraction), 8:2 (F fraction), and 10:0 (G fraction) v/v. On 
screening, fractions F and G showed ChC inhibition. The fraction F 
was selected for further purification of active principles and applied to 
silica gel (mesh size 60–120) column chromatography using a linear 
gradient of non-polar to polar solvents CHCl3, MeOH, and H2O. A total 
of seven (F1–F7) fractions were collected from the column analyzed 
for ChC inhibition and fractions F5, F6, and F7 were positive. These 
fractions were pooled together and subjected to preparative TCL and 
two active principle compounds (compounds 4 and 5) were purified.

All five purified compounds (compounds 1-3 of MeOH and compounds 
4-5 MeOH: DCM) were further subjected to HPLC (Agilent 
Technologies, Eclipse XDB-C18) for the removal of small impurities. 
After purification, these bioactive compounds were identified by 
HRLC-MS and proton nuclear magnetic resonance (1H NMR).

2.3. Dot Blot Assay on X-ray Film
For preliminary screening of MMP inhibitory activity, a dot blot assay 
or spot test on gelatin-coated X-ray film was performed as described 
earlier [33,34]. The reaction mixture tubes were contain 5 µL 
200 μg/mL ChC (prepared in 50 mM CaCl2 containig 50 mM Tris-HCl 
buffer pH 7.5), 5 µL 100 mM NaCl, 5 µL buffer, 5 µL of the MeOH 
extract incubated at 37°C for 10 min. With this one tube was prepared 
without a MeOH extract and treated as a control. After incubation, tube 
contents were loaded on X-ray film separately and incubated at 37°C 
for 15 min. The resulting X-ray film was rinsed with distilled water 
and air dried. ChC and ChC inhibitors (MMP inhibitors) produced 
altered patterns of gelatin degradation depending on the potency of 
the inhibitor, which may be witnessed visually and the resulting X-ray 
film scanned at 300 dpi using an EPSON scanner.

2.4. In Vitro Inhibition Assay of Bioactive Compounds against 
MMP-2 and MMP-9
In vitro inhibition of MMP-2 and MMP-9 by purified compounds 
(compounds 1-3 of MeOH and compounds 4-5 MeOH: DCM) was 
performed using protein substrate azocasein separately [34,35]. The 
MMP-2 and MMP-9 activation was performed by incubating Pro-
MMP-2 and Pro-MMP-9 with 0.01 mg/mL trypsin distinctly at 37°C for 
1 h. Proteoltyic action of trypsin was ceased using 100 μg/mL trypsin 
inhibitor. In the reaction mixture, 20 µL (120 ng) activated MMP-2 and 
20 µL (100 ng) activated MMP-9 (separately), 160 µL buffer (50 mM 
Tris-HCL pH 7.5, 1 mM CaCl2, 100 mM NaCl and 0.05% Brij-35) and 
20 µL (100 μg/mL) purified compound were taken in 1.5 mL centrifuge 
tubes. After 10 min of incubation at 37°C, 50 µL azocasein (1% w/v) 
was added to the reaction mixture and incubated for 5 h at 37°C. After 
incubation, the reaction was stopped by adding 60 µL 5% TCA. TCA 
soluble peptides (supernatants) were collected by centrifugation at 
10,000 rpm for 10 min. About 150 µL supernatant and an equal volume 
of 1 N NaOH were taken in a microtiter plate. The absorbance was 
recorded using a microtiter plate reader at 405  nm. Percent MMP-2 
and MMP-9 inhibitions were calculated by given that the absorbance of 
control as 100% MMP-2 and MMP-9 activities separately.

2.5. Identification of Bioactive Compounds
Identification of compounds by high-resolution liquid chromatography-
mass spectrometry (HR-LCMS) was carried out at SAIF, IIT Bombay 
Pawai (MS) India as described previously [36]. Specifically analysis 
was performed by liquid chromatography coupled with electrospray 
ionization quadrupole time-of-flight mass spectrometry (LC-ESI-
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QTOF-MS/MS) Agilent Technologies 6550 i-Funnel system equipped 
with a G4220B pump, G4226A autosampler and G1316C, and a diode 
array detector. The 1H NMR spectrum was taken on a Bruker AMX 
500 (1H, 500 MHz) spectrometer at Vishnu chemicals laboratories Pvt. 
Ltd. Hyderabad (MS) India. Metlin database was utilized to analyze 
structural confirmation.

2.6. Statistical Analysis
MMP inhibitor assays of active principle compounds were conducted 
with three replicate. Experimental data were analyzed using Microsoft 
excel 2010. All measured variables were analyzed by one-way analysis 
of variance (ANOVA) and the variances between the means were 
related at α value 0.05. The results are presented in the form of bar 
diagram using mean value ± standard error.

3. RESULTS AND DISCUSSION

MMPs sometimes known as matrixins are responsible for the 
degradation, repair, and remodeling of ECM components. Although, 
elevated levels of MMPs are observed in various pathological conditions 
such as cardiovascular diseases, cancer, arthritis, pulmonary disease, 
and skin diseases. MMP-2 and MMP-9 are predominant matrixins 
expressions found to be elevated in various kinds of cancer [12]. The 
exogenous inhibitors of MMP-2 and MMP-9 of natural origin are 
drug candidates for the treatment of cancer and other MMPs-related 
disorders [15]. In this perspective, numerous compounds, namely, 
flavonoids, alkaloids, and phenolic compounds from plants have shown 
a promising ability to inhibit MMPs [16-18]. These natural compounds 
are found to be effective to control MMP-related disorders whereas 
chemically synthesized inhibitors such as marimastat, doxycycline, 
and trocade exhibit unwanted side effects [12,37,38]. In the present 
investigation, we are proposing MeOH extract of P. pterocarpum 
leaves as a possible source of bioactive compounds with MMP-2 and 
MMP-9 inhibitory potentials.

3.1. Purification of Active Principle Compounds
Active principle compounds from MeOH extract of P. pterocarpum 
leaves were purified based on bioactivity assay guided fractionation 
using silica gel column and TLC. The potential of MMP inhibition 
was checked at every stage of purification. The fraction with good 
inhibition toward bacterial ChC was selected. The bacterial ChC 
shows functions and amino acid sequence similarities with human 
MMPs [39]. The purity of isolated compounds was assessed by 
TLC, a single spot appears on the chromatogram when observed 
[Figure 1].

3.2. Structural Properties of Active Principle Compounds
The structures of all purified active principle compounds of methanolic 
extract of P. pterocarpum leaves are depicted in Figure 2. The structural 
features assessed by HR-LCMS and 1H NMR are summarized.

3.2.1. Compound 1
6-Exomrthylenesimvastatin was obtained as a whitish colored 
compound with the molecular formula (C25H36O5) as deduced by HR-
LCMS with a matching spectrum to the 1H NMR. Positive-ion ESI 
MFE m/z 416 [M + H] +. 1H NMR (DMSO) Bruker-300MHz, δ (ppm): 
6.96 (s, 2H), 5.89 (s, 2H), 4.96 (d, J = 10.5Hz, 2H), 3.99 (t, J = 9.6, 
2H), 3.85(d, J = 10.2Hz, 2H), 3.76 (s, 6H), 3.66 (t, J = 8.7Hz, 3H), 
3.50–3.55 (m, 4H), 3.39–3.46 (m, 7H), 3.22 (t, J = 9.3 and 2.4Hz, 4H), 
1.65 (s, 2H).

3.2.2. Compound 2
Ergosterol acetate was obtained as whitish colored compound and 
its molecular formula (C32H50O2) was determined by HR-LCMS 
with a matching spectrum to the 1H NMR. Positive-ion ESI MFE 
m/z 466.74 [M + H] +. 1HNMR (DMSO) Bruker-300 MHz, δ (ppm): 
6.63–6.73 (m, 1H), 5.81–5.83 (m, 1H), 5.72 (s, 1H), 4.09–4.20 (m, 
1H), 3.72–3.89 (m, 6H), 3.66 (d, J = 10.8Hz, 3H), 3.48–3.57 (m, 3H), 
3.43 (s, 3H), 2.80–3.19 (m, 5H), 1.84–2.19 (m, 5H), 1.60 (s, 3H), 
1.23 (s, 5H), 1.13–1.17 (m, 2H), 1.00–1.11 (m, 6H), 0.93 (s, 2H), 
0.87–0.91 (m, 3H).

3.2.3. Compound 3
Flurandrenolide was obtained as whitish colored compound and a 
molecular formula was assigned as (C24H33FO6) by HR-LCMS with a 
matching spectrum to the 1H NMR. Positive-ion ESI MFE m/z 436.23 
[M + H] +. 1H NMR (DMSO) Bruker-300MHz, δ (ppm): 3.73–3.76 (m, 
6H), 3.17 (s, 5H), 2.54 (s, 4H), 2.01 (s, 1H), 1.83 (d, J = 7.5Hz, 2H), 
1.56 (s, 3H), 1.23 (s, 4H), 1.15 (t, J = 7.2Hz, 2H), 1.00–1.06 (m, 2H), 
0.90–0.93 (m, 1H), 0.85–0.86 (m, 2H), 0.75 (s,1H).

3.2.4. Compound 4
27-nor-5b-cholestane-3a, 7a, 12a, 24, 25-pentol: was obtained as 
whitish colored compound and its molecular formula (C26H46O5) was 
determined by HR-LCMS with a matching spectrum to the 1H NMR. 
Positive-ion ESI MFE m/z 338.6 [M + H] +. 1H NMR (DMSO) Bruker-
300MHz, δ (ppm): 4.38–4.75 (m, 12H), 4.12 (s, 1H), 3.63 (s, 4H), 
3.51–3.56 (m, 3H), 3.37–3.44 (m, 20H), 3.16 (s, 3H), 2.97–3.03 (t, J = 
9.3Hz, 2H), 1.23 (s, 1H).

3.2.5. Compound 5
Quinapril was obtained as whitish colored compound its molecular 
formula (C25H30N2O5) was determined by HR-LCMS with a matching 
spectrum to the 1H NMR. Positive-ion ESI MFE m/z 438.5 [M + H] +, 
325.09 [M + Na] +.1H NMR (DMSO) Bruker-300MHz, δ (ppm): 8.40–
9.30 (m, 5H), 7.97 (s, 1H), 6.77 (s, 3H), 6.34 (s, 2H), 5.50–5.90 (m, 
2H), 4.36–4.73 (m, 6H), 3.63 (s, 3H), 3.44 (s, 4H), 3.03 (t, J = 9.3 Hz, 
2H), 1.91 (s, 1H), 1.23 (s, 1H).

Figure 1: Demonstration of bioactive compounds of methanol extract of 
Peltophorum pterocarpum leaves on thin layer chromatography plate.
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Figure 2: Structures of bioactive compounds of methanol extract of Peltophorum pterocarpum leaves.

3.3. ChC Inhibition by Active Principle Compounds
Purified active principle compounds were analyzed for ChC inhibition 
by dot blot assay on X-ray film. The principle of this method is that 
when we put ChC (or proteolytic enzymes) on gelatin-coated X-ray 
film, a transparent blue plastic sheet gets exposed indicating gelatin 
hydrolysis. This confirms proteinase activity in the control whereas 
in presence of an inhibitor a dark spot of unhydrolyzed gelatin 
appeared against the background [40]. We have visually confirmed 
that all purified active principle compounds exhibited ChC inhibition 
[Figure 3].

3.4. MMP-2 and MMP-9 Inhibition by Active Principle 
Compounds
Proteolytic activity of MMP-2 and MMP-9 and their inhibition by 
active principle compounds was assessed by in vitro solution assays. 
The one-way ANOVA analysis showed that all purified active principle 
compounds exhibited significant (P < 0.001) inhibitory activities 
against MMP-2 and MMP-9 [Table 1]. We have observed that quinapril 
is a potent inhibitor of MMP-2 and MMP-9 displaying 98.21% ± 
4.3% and 98.86% ± 3.2% inhibition, respectively. Flurandrenolide 
exhibited the lowest inhibitory potential against MMP-2 and MMP-

9. The 27-nor-5b-cholestane-3a, 7a, 12a, 24, 25-pentol exhibited 
the highest inhibitory potential (98.28%) while flurandrenolide 
exhibited the lowest inhibitory potential (63.87%) against MMP-2 
[Figure  4]. Inhibitory potentials of all compounds against MMP-2 
were observed in order of quinapril (98.21%) ≈ 27-nor-5b-cholestane-
3a, 7a, 12a, 24, 25-pentol (98.28%) > ergosterol acetate (80.68%) 
> 6-exomrthylenesimvastatin (70.38%) > flurandrenolide (63.87%) at 
100 µg/mL.

Inhibitory potentials of all compounds against MMP-9 were in order of 
quinapril (98.86%) > 27-nor-5b-cholestane-3a, 7a, 12a, 24, 25-pentol 
(83.85%) > ergosterol acetate (79.58%) > 6-exomrthylenesimvastatin 
(72.37%) > flurandrenolide (65.36%) at 100 µg/mL [Figure 5].

Quinapril is an angiotensin-converting enzyme inhibitor and for the 
1st time purified from P. pterocarpum leaves [41]. Ergosterol acetate, 
flurandrenolide, and 27-nor-5b-cholestane-3a, 7a, 12a, 24, 25-pentol 
are steroidal types of compounds. 6’-Exomrthylenesimvastatin is a 
statin-like compound. Earlier, it has been reported that the statins are 
capable to reduce the concentration of MMP-9 in the aortic wall of 
abdominal aortic aneurysm patients [42]. Simvastatin is a bioactive 
compound and exhibits anti-inflammatory and anti-atherosclerotic 
activities in carrageenan-induced female mice [43].

Table 1: One‑way ANOVA of the percent inhibition of MMP2 and MMP9.

Active principle compounds n MMP2 MMP 9

Groups Average SE F P Average SE F P

Control 3 0 0 6974 <0.001 0 0 8374 <0.001

6‑Exomrthylenesimvastatin 3 71.11 0.54 72.08 0.39

Ergosterol acetate 3 79.63 0.53 78.90 0.43

Flurandrenolide 3 66.59 0.61 66.20 0.53

27‑nor‑5b‑cholestane‑3a, 7a, 12a, 24, 25‑pentol 3 97.96 0.19 82.95 0.27

Quinapril 3 97.55 0.35 96.02 0.34
ANOVA: Analysis of variance, SE: Standard error.
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4. CONCLUSIONS

This research aimed to identify active principle compounds of MeOH 
extract of P. pterocarpum leaves with inhibitory potential against ChC 
and human recombinant MMP-2 and MMP-9. Five bioactive compounds 
were purified based on bioactivity assay-guided fractionation using 
silica gel column and TLC. These compounds were identified by HR-
LCMS and 1H NMR as quinapril, 27-nor-5b-cholestane-3a, 7a, 12a, 
24, 25-pentol ergosterol acetate, 6-exomrthylenesimvastatin, and 
flurandrenolide. All five active principle compounds showed inhibition 
against ChC, human recombinant MMP-2, and MMP-9 assessed by 
dot-blot assay and in vitro solution assays. The identified compounds 
from P. pterocarpum leaves could be investigated further in the future 
for designing or formulating natural drugs for the treatment of cancer 
and MMPs-relevant disorders.
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Peltophorum pterocarpum leaves for MMP-9 inhibition by in vitro 

solution assay.
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