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The market value of natural cosmetics continues to rise due to their reduced side
effects, resulting in their increasing amalgamation into cosmetic formulations. Plant-derived
materials are a rich source of bioactive compounds that can serve as anti-aging and anti-wrinkle
agents, as well as therapeutic agents for various dermatological conditions. In this study,
140 medicinal plant materials were collected, taxonomically authenticated, and subjected to
ethanolic extraction. The resulting extracts were screened for their inhibitory activity against
Clostridium histolyticum collagenase (ChC), Porcin pancreatic elastase (PpE), and Bovine testes
hyaluronidase (BtH) for identifying potential anti-aging agents suitable for cosmetic applications.
The highest total phenolic content (TPC) (31.95 * 0.045 mg/ml) was observed in Terminalia
arjuna bark. Overall, 71, 42, and 59 plant extracts exhibited anti-ChC, anti-PpE, and anti-BtH
activities, respectively. Among all inhibitory activity exhibiting plants, Terminalia arjuna bark
exhibited the highest inhibitory activity against ChC, PpE (99.95 * 1.3% and 99.98 * 1.5%
at 100 ug/ml TPC), and BtH (98.80 * 2.4% at 150 ug/ml TPC). Woodfordia fructicosa flower,
Peltophorum pterocarpum leaf, and Bergenia ligulata root exhibited maximum inhibitory
potential against aging enzymes. The inhibitory activities of plant extracts were found to be
dependent upon the concentration of TPC. A one-way ANOVA test revealed plant extracts
exhibit significant inhibitory potential (p<0.05) against aging enzymes. The findings indicate
that medicinal plants exhibiting effective inhibitors of collagenase, elastase, and hyaluronidase
could be useful for application in cosmetic formulations.
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Skin, the outermost and essential barrier
of the body, performs various biophysical and
biochemical functions for maintaining overall
human health." Skin aging is an inevitable and
irreversible process, broadly divided into extrinsic
and intrinsic pathways, both are responsible for

unexpected changes in skin structure and elasticity.
Extrinsic skin aging is caused by environmental
factors, such as pollutants, sunlight exposure
(photoaging), and various lifestyle habits (i.e.,
smoking and diet). whereas, intrinsic skin aging
is a natural process and is influenced by genetic
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programming and molecular mechanisms inherent
to the body.? Among these, the skin’s exposure to
UV-radiation is responsible for the overproduction
of reactive oxygen species (ROS) that induce
lipid peroxidation, protein denaturation, and
DNA damage.’ The excess accumulation of ROS
accelerates ECM (extracellular matrix) degradation
and induces skin aging with consequences such as
roughness, wrinkling, elasticity loss, and patchy
pigmentation.**

The dermis, the structural foundation of the
skin, is predominantly composed of ECM, which
comprises structural proteins (collagen and elastin)
along with fibroblasts that regulate their synthesis
and remodeling.’ Collagen is a high molecular
weight and significant structural component of the
ECM, maintaining tensile strength and elasticity
of the skin. Subsequently, elastin, also a structural
component in connective tissue as elastic fibers,
provides elasticity and recoiling properties to
the skin. These are the crucial components of the
skin, playing a vital role in maintaining the skin’s
flexibility, plumpness, and overall integrity of
freshness and health.” However, prolonged skin
exposure to solar radiation (photo-aging) enhances
ROS accumulation that triggers the activation of
collagenase and elastase, which are responsible for
unwanted degradation of collagen and elastin.®®
Therefore, the expression of collagenase and
elastase causes skin aging with visual appearances
such as freckles, wrinkles, severe atrophy,
sallowness, loss of elasticity, and rough texture.'

Hyaluronan, or Hyaluronic acid (HA), is
a high molecular weight polymer found in tissue
and body fluids. It is predominantly available
in the epidermal and dermal layers of the skin.
It maintains moisture content, promotes skin
rejuvenation, impairs selective permeability of
extracellular fluid, and increases viscosity." It has
a prominent water-holding capacity; therefore, its
highly concentrated surface aids in the smoothness,
emollience, and youthful appearance of the skin.'
Hyaluronidase enzyme decreases the level of HA
by cleaving it into small oligosaccharide molecules
during the aging process, leading to loss of strength,
moisture, and flexibility, decreasing fluid thickness,
and facilitating substance movement through
connective tissues.'?

Clostridium histolyticum collagenase
(ChC), a bacterial enzyme, can degrade collagen,
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mainly types I, II, III, and IV, by breaking peptide
bonds present in the collagen triple helix." Its
amino acid sequence is moderately similar to
the amino acid sequence of human collagenase
(specifically MMP-1); both are zinc-dependent
metalloproteinases, and their zinc-binding catalytic
domain performs protease activity for collagen
cleavage. This domain has a conserved glutamate
and histidine amino acid residue motif, which
coordinates with zinc ions for enzymatic catalysis.'*
These proteolytic enzymes recognize the same
specific cleaving site at glycine-proline peptide
bonds on collagen and share sequence homology
in the range of 20-30%, suggesting conserved
functional similarities among them.'®

Porcine pancreatic elastase (PPE) and
human neutrophil elastase (HNE) are serine
proteases capable of degrading elastin and
extracellular matrix proteins. Both enzymes share
structural and functional similarities, and their
active sites (catalytic triad), which consist of serine,
histidine, and aspartate residues, are responsible for
proteolytic activity.'® Despite their structural and
functional similarities, they share approximately
43% amino acid sequence identity, with slight
differences in their non-catalytic domains that
affect their regulation and tissue distribution."”

Bovine testis hyaluronidase (BtH) and
human hyaluronidase are both enzymes that
catalyze the hydrolysis of hyaluronic acid, a
glycosaminoglycan found in the ECM. These
enzymes share excellent structural and functional
similarities and possess a conserved catalytic domain
that contains a histidine-aspartate dyad necessary
for enzymatic activity.'®!” These enzymes have
similar substrate specificity, cleaving hyaluronic
acid and contributing significantly to wound
healing, tissue remodeling, and inflammation.
Despite their structural and functional similarity,
they share amino acid sequence identity with
differences in their non-catalytic regions, which
are involved in tissue distribution and regulation.
These enzymes (ChC, PpE, and BtH) are not human
isoforms, but they are widely applied as model
enzyme in preliminary enzyme inhibitor studies
due to their structural and mechanistic similarity to
enzymes originated from human.  Collagenase,
elastase, and hyaluronidase are considered skin-
aging enzymes, and their inhibitors have gained
attention as essential components in the cosmetic
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industry as well as for controlling skin aging.
The use of these inhibitors for the formulation of
cosmetic products offers significant strategies for
reducing visible signs of aging and improving skin
health.”!

Plant-synthesized polyphenols have
received larger awareness in the pharmaceutical
and food industries owing to their health benefits,
reducing the chronic diseases due to their anti-cancer,
anti-inflammatory, anti-oxidant, cardio-protective,
and anti-proliferative properties.” It has been
investigated that some plant-derived polyphenols,
like resveratrol, quercetin, and curcumin, exhibit
significant anti-aging properties by improving skin
barrier function, promoting collagen synthesis,
and reducing signs of photoaging.”-** Natural
products are highly preferred as remedies for
their safety profile and management of different
types of diseases with the efficiency of skincare
properties. Numerous plant-derived therapeutic
products exhibit additional beneficial properties,
including barrier repair, moisturizing, antioxidant,
anti-inflammatory, and photoprotective or skin-
whitening effects, as evidenced by traditional
and local usage. These properties support the
utilization of plant extracts in anti-aging skincare
formulations, offering multifunctional benefits
for skin health. Therefore, plant-derived products
suggest a promising opportunity for exploring their
potential as therapeutic agents against skin aging.
This study was aimed at screening medicinal plant
extracts for their inhibitory activities against PpE,
(ChC), and BtH and at determining the inhibitory
potential of plants showing inhibitory activities.

MATERIALS AND METHODS

Porcine pancreatic elastase (PpE),
Clostridium histolyticum collagenase (ChC),
Bovine testes hyaluronidase (BtH), Azocasein,
Hyaluronic acid, and N-Succinyl-Ala-Ala- Ala-
p-nitroanilide (AAAPVN) were purchased from
Sigma Aldrich. Tris, X-ray film, Hydrochloric
acid (HCL), Sodium phosphate, Sodium chloride,
Sodium acetate, Calcium chloride, Cetylpyredium
chloride, Sodium carbonate, and Ethanol were
purchased from RANKEM. Gallic acid and Folin-
Ciocalteau reagent were obtained from Hi-MEDIA
and SRL, respectively. The different medicinal
plant materials (140) belonging to various
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families were procured from the local market of
Chhatrapati Sambhaji Nagar (MS), India and Dr.
B. A. M. University campus, Chhatrapati Sambhaji
Nagar (MS), India. Each plant specimen was
authenticated by a taxonomist from the Department
of Botany, GNA College, Barshitakli, Dist., Akola
(MS), India (Table 1).

Preparation of extracts

The collected different plant samples were
completely dried at 37 °C in an oven, pulverized
into fine powders by a grinder mixer, and stored in
a moisture-free compartment at room temperature
for further use. All powders were extracted
using 70% ethanol, with a few modifications to
the previously reported,” procedure. Each plant
powder was extracted by soaking in solvent (1:10
w/v) and stirring for an hour with a magnetic stirrer.
Thereafter, suspensions were filtered through
Whatman filter paper (No. 1), and filtrates were
preserved at 4 °C for further testing.

Estimation of total phenolic content (TPC)

By using the slight modification of the
previously reported,” procedure the TPC from each
plant extract was estimated. At room temperature,
twenty microliters of each plant extract (diluted up
to 1.5 ml with distilled water) was incubated with
Folin-Ciocalteau reagent (0.5 ml) for 3 min. To this
test, Iml of sodium carbonate (10% w/v) was added
for neutralization. All tests were incubated at room
temperature until color development. Thereafter,
the optical density was measured at 650 nm using
a spectrophotometer, the TPC was calculated using
a gallic acid standard graph, and its amount was
expressed as gallic acid equivalent (GAE mg/ml).
Screening of plant extracts for inhibitory
activities against ChC and PpE

All plant extracts were screened for
inhibitory activities by using a spot test on X-ray
film?’. The principle of this method is based on
the digestion of gelatin coated on X-ray film and
the appearance of a blue spot against the overall
surface of the film. In a classic reaction mixture, 10
ul ChC (200 pg/ml prepared in 50 mM Tris-HCL
buffer pH 7.5, 50 mM CaCl, 100 mM NaCl) was
combined with 10 pl buffer, 10 pl of each plant
extract and incubated at 37°C for 5 min. For control
of enzyme activity, an aliquot was prepared without
plant extract. A ten-microliter sample from each
mixture was spotted on X-ray film and incubated
for 20 min at 37 °C. After incubation, X-ray films
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were washed under tap water and completely dried
at room temperature. Inhibition of the ChC was
assessed by comparing the control activity of ChC.
The location of spots where unhydrolyzed gelatin
revealed the plants containing inhibitory activity,
and spots that appeared as hydrolyzed gelatin/blue
spots indicated the absence of inhibitory activity
in plant extracts. Photographs of X-ray films were
taken by a megapixel camera. The same procedure
was applied for screening of all plant extracts
for inhibitory activities against PpE (50 pg/ml
prepared in 0.1 mM Tris-HCL buffer pH 8).
Screening of plant extract for inhibitory
activities against BtH

Inhibitory activities of plant extracts
against BtH were screened using the previously
reported®® procedure with a few modifications.
The principle of this technique is based on the
measurement of undigested hyaluronic acid by
its property to form turbidity with BSA (Bovine
Serum Albumin) reagent. The absorbance of
turbid hyaluronic acid provides the concentration
of undigested hyaluronic acid and hence can be
related to the enzyme activity. The solutions of
BtH (1 mg/ml) and hyaluronic acid (1.2 mg/ml)
were prepared in 0.1M sodium phosphate buffer
(pH 5.3, 0.15M NaCl). For the enzymatic reaction,
a mixture containing 50 ul BtH and 50 pl plant
extract was incubated at 37°C for 10 min. After
incubation, 0.5 ml of hyaluronic acid was added
and incubated at 37°C for 20 min; finally, the
hyaluronidase activity was stopped by the addition
of BSA reagent. Simultaneously, one aliquot was
prepared without plant extract for control. The
plant extracts containing inhibitory activities were
confirmed by the formation of turbidity after the
addition of BSA and vice versa.
Inhibitory assay of plant extracts against ChC

The inhibitory potential of plant extracts
against ChC was assessed by azocaseinolytic
assay, using the earlier applied®” method with slight
modification. In 2 ml centrifuge tubes, containing
40 pl ChC (0.2 mg/ml) along with 140 pl buffer
(50 mM Tris-HCL pH 7.5, 5 mM CaCl,) and 20 pl
plant extract (100 pg TPC/ml of each plant extract),
were incubated at 37°C for 10 min. Thereafter, the
enzymatic reaction of each mixture was started by
adding 50 pl azocasein (1% w/v) and incubated at
37°C for 1 hour. The proteolytic activity from each
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aliquot was terminated by mixing of 60 ul TCA (5
%), and all mixtures were allowed to centrifuge
at 6000 rpm for 15 min. The supernatant (150 pl)
of each mixture was transferred into a microtiter
plate containing an equal volume of 1 N NaOH,
and absorbance was measured on a microtiter plate
reader at 405 nm. The following equation was
applied for the calculation of the percent inhibition.

/A %100

control

% Inhibition = [A

control sample ]

Where A is the absorbance of ChC
activity on azocasein and A e is the absorbance
of ChC activity on azocasein in the presence of
plant extract.
Inhibitory assay of plant extracts against PpE
A synthetic substrate (N-Succinyl-
Ala-Ala- Ala-p-nitroanilide) was used for the
determination of the inhibitory potential of plant
extracts with slight modification to the previously
reported*® method. The solution of PpE (50 pg/ml)
and substrate (2 mM) was made in 0.1 mM Tris-
HCL buffer pH 8. A reaction mixture containing 50
ul PpE, 900 pl buffer, and 50 pl plant extract (100
ug TPC/ml of each plant extract) was incubated at
25°C for 10min. After incubation, 50 pl substrate
was mixed and kept at 25°C for 90 min. Thereafter,
the absorbance was measured at 410 nm on a
UV-VIS spectrophotometer. Simultaneously, one
aliquot was also kept for a control activity without
plant extract. The following equation was used for
calculating the percent inhibition.

x100

control

% Inhibition = [A 1/A

control ~ sample

Where A is the absorbance of PpE
activity on substrate, and A e is the absorbance
of PpE activity on substrate in the presence of plant
extract.

Inhibitory assay of plant extracts against BtH

The inhibitory potential of plant extracts
against BtH was determined using the procedure
described in the above screening section. Briefly,
50 pl BtH was mixed with 50 pl plant extract (100
pg TPC/ml of each plant) and incubated at 37°C
for 10 min; finally, the reaction was terminated
by the addition of 2 ml BSA reagent. After the
formation of turbidity, the optical density of all tests
was measured at 540 nm. The amount of turbidity
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formed from hyaluronic acid is considered as blank
(100% enzyme inhibition). The following equation
was used for calculating the percent inhibition.

% Inhibition = [A

/A 100

- X
blank Asample] blank

Where A, is the absorbance of turbidity
formed by hyaluronic acid, and A mple is the
absorbance of BtH activity on hyaluronic acid in
the presence of plant extract.

Statistical analysis

Assessment of total phenolic content
(TPC) and inhibitory assay was carried out in
triplicate readings. Mean TPC values, inhibitory
potentials, and their standard deviations were
calculated using MS Excel.

RESULTS

Total phenolic content (TPC) in plant extracts

The estimated total phenolic contents
(TPCs) for all plant extracts are presented in
Table 1. Based on their concentrations (mg/ml),
the plant extracts (140) were categorized into five
groups: very high (>5 mg/ml TPC; 8 plants), high
(2-4 mg/ml TPC; 37 plants), moderate (1-2 mg/
ml TPC; 18 plants), low (0.1-1 mg/ml TPC; 65
plants), and very low (<0.1 mg/ml TPC; 12 plants).
The highest concentration of TPC (31.95 + 0.045
mg/ml) was observed in 7. arjuna bark, while the
lowest concentration of TPC (0.02 + 0.015 gm/
ml) was observed in G. arborea leaf extract. The
other maximum TPC was found in H. spicatum
rhizome (18.5 + 0.49 mg/ml), 4. vera leaf (17.85
+ 0.056 mg/ml), V. rosea stem (11.15 + 0.03 mg/
ml), 4. lebbeck bark (10.4 = 0.37 mg/ml), G.
glabra stem (8.86 = 0.024 mg/ml), P. somniferum
stem (6.45 + 0.004 mg/ml), P. kurroa stem (5.12
+ 0.009 mg/ml), S. robusta leaf (4.96 + 0.04 mg/
ml), and 4. catechu bark (4.55+0.030 mg/ml). The
significant variation was observed in TPC among
plant extracts. That indicates the diverse nature of
phenolic compounds among the selected plants.
Inhibitory activities in plant extracts

Based on visual observation of X-ray
films, out of 140 plant extracts, 71 exhibited
anti-ChC activities, while 42 exhibited anti-PpE
activities (Fig-1 and -2). The turbidity assay of
hyaluronidase activity revealed that the 59 plant
extracts exhibited anti-BtH activities. Thirty-six
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plants exhibited inhibitory activities against all
three enzymes (ChC, PpE, and BtH). In most cases,
the inhibitory activity of plant extract was found to
be dependent upon the concentration of TPC (Table
1). The number of inhibitory activities showing
plants would have increased if the concentration
of TPC in plant extracts had been higher during
screening. Some plants (C. roseus flower, H.
indicus stem, C. borivilianum leaf, B. montanum
leaf, S. nuxvomica leaf, O. tenuiflorum seed, A.
sativum leaf, C. pungens stem, C. hyanae root, B.
prionitis stem, B. cristata root, and A. reticulata
leaf) contain adequate concentrations (>0.5 mg/
ml) of total phenolics, but they did not exhibit the
inhibitory activities against any enzyme. It indicates
that different types of phenolic compounds may be
present in these plants, or the phenolics of these
plants may not have inhibitory properties. It was
observed that 14 plants (W. somenifera stem, P.
betel stem, M. aquatica leaf, D. regia flower, B.
racemosa bark, A. salviifolium leaf, R. dumetorum
fruit, P. kurroa stem, I. racemosa root, C. serratum
stem, S. indicum leaf, C. frutescens leaf, C. deodara
leaf, and G. obtusa fruit) exhibited only anti-ChC
activity, while 2 plants (7. adscendens leaf and C.
tora root) and seven plants (4. marmelos fruit, T.
ammi seed, C. wightii fruit, O. sanctum flower, P,
nigrum seed, C. paniculatus seed, and M. pinnata
seed) exhibited only anti-PpE and anti-BtH
activities, respectively (Table 1). These findings
recommend that these plants may have specific
inhibitory activities against enzymes.
Inhibitory potentials of plant extract against
ChC, PpE, and BtH

Out of 140 plants, 36 exhibiting inhibitory
activities against all three enzymes were considered
to have high inhibitory potential. Therefore, these
plants were selected for determining their inhibitory
efficacies using a standard solution assay (Table 1).
These plants were grouped partwise (bark; fruit,
fruit rind, flower, and seed; leaves; stem, root, and
rhizome) and sorted based on inhibitory potential
as shown in figs. 3 to 6. One-way ANOVA test
analysis revealed the plant extracts exhibited
significant (P<0.05) inhibitory potentials.
Inhibitory potentials of plant barks

Among all barks as well as all plants
considered in this study, 7 arjuna exhibited the
highest inhibitory potential against ChC, PpE
(99.95 + 1.3% and 99.98 = 1.5% at 100 pg/
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Table 1. List of various medicinal plants, their estimation of total phenolic

content mg/ml GAE, and screening for inhibitory activities against collagenase,
elastase, and hyaluronidase. + indicates the presence of inhibitory activities in
the plant extracts, and - indicates the absence of inhibitory activities in plant

extracts. The serial numbers of plant samples reported in Fig. 1 and 2 are

indicated as superscripts.
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Plant Name TPCmg GAE/ml
'Phyllanthusemblica fruit C+, P+, H+ 3.9+ 0.03
SJusticiaadhatoda leaf C- E- H- 0.12+ 0.007
Centellaasiatica leaf C+ E- H+ 0.57+ 0.004
BTrachyspermum ammi seed C- E- H+ 0.95+ 0.002
Eclipta prostrata leaf C- E- H- 0.05+ 0.008
2'Commiphorawightii fruit C- E- H+ 0.55+0.043
BAzadirachtaindica bark C+ E+ H+ 1.85+ 0.005
PCyperus rotundusrhizome C- E- H- 0.26+ 0.005
3Psoraleacorylifolia seed C+ E- H+ 0.85+ 0.006
3Tribulus adscendens leaf C- E+H- 0.45+ 0.003
“Piper betelstem C+ E- H- 1.05+ 0.002
SCitrulluscolocynthis fruit C+ E- H+ 0.34+0.03
YCatharanthusroseus leaf C+ E+ H+ 4.05+ 0.003
S Celastruspaniculatus seed C- E- H+ 0.37+ 0.002
S"Piper longum stem C+ E- H+ 2.55+0.003
' Randia dumetorum fruit C+ E- H- 1.65+ 0.004
8 Leptadeniapyrotechnica stem C+ E+ H+ 3.23+0.007
Ricinuscommunis seed C+ E- H+ 1.14+ 0.003
BNeltuma juliflora bark C+ E+ H- 0.75+0.013
”Papaver somniferum stem C+ E+ H+ 6.45+ 0.004
81 Pluchealanceolata leaf C+ E- H+ 2.12+0.011
8 eglemarmelos fruit C+ E+ H+ 1.54+0.012
¥ Capsicum frutescens leaf C+ E- H- 0.81+ 0.007
%Limonia acidissium bark C- E- H- 0.16 +£0.09
"Nerium indicum flower C- E- H- 0.10+ 0.006
1 4corus calamus leaf C- E- H- 0.05+ 0.008
15T ridax procumbens leaf C-E-H- 0.03+0.01
19Erythrena superba bark C- E- H- 0.07+ 0.05
BCassia pulcherima leaf C+ E+ H+ 1.69 +0.008
"4lbezia lebbeck bark C+ E+ H+ 10.4+£0.37
2 Marsdenia tenacissima stem C- E- H- 0.36+0.01
1%5Barleria cristata root C- E- H- 0.50 = 0.009
1% Barleria montana root C- E- H- 0.46 +0.008
$3Cassia obstusifolia leaf C- E-H- 0.16 = 0.04
5Hyptis suaveolens leaf C+ E+ H- 1.64 +0.042
*Catharanthusroseus flower C-, E-, H- 0.7+ 0.008
*Desmodiumgangeticum stem C- E- H- 0.13+0.01
Neriumoleander leaf C+ E- H+ 0.80+ 0.03
“Rauvolfiaserpentine root C- E- H- 0.15+ 0.007
BConvolvulus prostrates stem C- E- H- 0.06+ 0.001
2Bergenialigulata root C+ E+ H+ 2.9+ 0.003
®Tinosporacordifolia stem C- E- H- 0.14+ 0.003
®Vinca rosea stem C+ E+ H+ 11.15+0.03
3*Bacopamonnieri leaf C- E- H- 0.26+ 0.003
38Cissus quadrangularis stem C- E- H- 0.15+0.001
“Menthaaquatica leaf C+ E- H- 1.41+0.003
“Delonixregia flower C+ E- H- 0.65+ 0.004
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STerminaliabellirica fruit C+ E+ H+
SBoerhaviadiffusa stem C- E- H-
84lstoniascholaris stem C+ E- H+

2 Pjcrorrhiza kurroa stem C+ E- H-
®Jnularacemosa root C+ E- H-
"Solanumindicum leaf C+ E- H-
"Mesua glabra bark C+ E+ H+
BCannabis sativa seed C+ E- H+

82 Terminaliaarjuna bark C+ E+ H+

8¢ Stereospermumsuaveolens bark C+E+H+
LCoriandrumsativum leaf C- E- H-
**Diospyros melanoxylon bark C+E+H+
BGliricidia sepium leaf C- E- H-

12 4ndrographis paniculata leaf C- E- H-
1%Commiphora mukul thizome C+ E+ H+
W0Shorea robusta leaf C+ E+ H+
"WMadhuca indica leaf C- E- H-

"8 4nnona reticulate leaf C- E- H-

12 Terminalia chebula fruit C+ E+ H+
126Nyctanthesarbor-tristis leaf C+ E+ H+
BONyctanthes arbortristis leaf C- E- H-
34Clematis hyanae root C- E- H-
38Barleria obtusa leaf C- E- H-
3Stenocereuskerberi leaf C-, E-, H-
"Lawsoniainermis leaf C+ E+ H+
"Woodfordiafructicosa flower C+ E+ H+
STephrosia purpurea leaf C- E- H-
YGloriosasuperba fruit C+ E+ H+
BVachellianilotica stem C+ E+ H+
YOcimum sanctum flower C- E-H+

3 Justicia gendarussa leaf C- E- H-
SWithaniasomenifera stem C+ E- H-
¥Pongamia pinnata fruit C- E- H-
“Rubia cordifolia stem C+ E- H+
“Solanumxanthocarpum fruit C+ E- H+
S'Bauhinia racemosa bark C+ E- H-
53Strychnosnuxvomica leaf C- E- H-
YHemidesmusindicus stem C- E- H-

9 4loe vera leaf C+E+H+

8 Terminalia elliptica bark C+ E- H+
"Saussurealappa root C- E- H-
Ficusracemosa bark C+ E+ H+
®Plumbagozeylanica leaf C+ E- H+

8 Clerodendrumphlomidis stem C+ E+ H+
8Crataeva Nurvala leaf C+ E+ H+
*ICassia fistula Pod C+ E+ H-

%Crocus sativus flower C- E- H-
PCedrus deodara leaf C+ E- H-

18 Peltophorum pterocarpum leaf C+ E+ H+
Y Leucasaspera leaf C- E- H-

" Bauhinia variegata bark C- E- H-
SGrewia tiliaefolia fruit C-E-H-
"WTerminalia argentea bark C+ E+ H+
1B Crossandra infundibuliformis root C- E- H-
2TDatura metal fruit C- E- H-

B Ficusbenghalensis leaf C+ E+ H+

1.92+0.001
0.42+0.001
2.55+0.014
5.12+0.009
2.25+0.04
0.25+0.003
3.13+£0.012
0.82+0.023
31.9540.045
3.31£0.046
0.05+ 0.006
1.94 £0.04
0.18+0.01
0.05+ 0.062
2.89+0.01
4.96+ 0.04
0.15+0.07
0.99 £ 0.01
1.9 £0.04
3.4+ 0.07
0.37+£0.01
0.67+0.01
0.33+0.05
0.2+ 0.005
2.8+ 0.003
3.65+0.06
0.18+0.041
4.35+0.012
1.35+0.003
0.45+0.001
0.15+0.008
0.62+0.003
0.15+0.003
1.07+ 0.007
1.33+0.003
0.65+ 0.005
1.75+ 0.003
1.35+0.001
17.85+0.056
3.75+ 0.004
0.18+0.06
2.65+0.010
2.15+0.003
2.82+0.006
4.35+ 0.006
2.63+0.12
0.096 +0.02
2.48+0.08
3.46+0.20
0.09+ 0.01
0.25+ 0.009
0.28 £0.07
3.68+0.14
0.38 £ 0.01
0.26 £ 0.01
2.85+0.03
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35Gordonia obtusa fruit C+ E- H-
39Cassia tora root C- E+ H-
*Vetiveriazizanioides root C-, E-, H-
$Madhucalongifolia leaf C- E- H-
24eglemarmelos fruit C- E- H+
$Tribulusterrestris thorn C- E- H-
24lhagicamelorum leaf C+ E+ H+
2Berberis aristata stem C- E- H-
BMesua ferrea bark C+ E+ H+
2Pipernigrum seed C- E- H+
*Withaniacoagulans fruit C- E- H-

“4sparagus racemosus stem C- E- H-

“Ocimumtenuiflorum seed C- E- H-
BVitexnegundo flower C+ E- H+
24langiumsalviifolium leaf C+ E- H-

*Baliospermummontanum leaf C- E- H-
OChlorophytumborivilianum leaf C- E- H-

“Glycyrrhizaglabra stem C+ E- H+

BSClerodendronserratum stem C+ E- H-

Millettiapinnata seed C- E- H+
"Acacia catechu bark C+E+H+

YPunicagranatum fruitrind C+E+ H+
$Semecarpusanacardium seed C+ E+ H+
8Curcuma nurvala longa rhizome C+ E-H+

2Plumbagoindica stem C+ E+ H-
%Trichosanthes labata seed C- E- H-
19Gmelina arborea leaf C- E- H-
1944 lium sativum leaf C- E- H-

18 Hedychium spicatumrhizome C- E- H-

"2 dilanthus excelsa bark C- E- H-
16Cymbopogoncitrates leaf C- E- H-

120Pithocelibium dulce bark C+ E- H+

12%Barleria prionitis stem C- E- H-
18 4bieswebbiana leaf C+ E+ H+
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0.98 + 0.04
1.42 £0.01
0.15+£0.02
0.15+£0.03
0.85+ 0.006
0.05+ 0.006
2.9+ 0.05
0.16+ 0.002
4.35+0.003
0.95+ 0.002
0.24+0.013
0.13+0.003
1.23+0.003
0.75+ 0.002
2.55+0.04
0.83+ 0.004
2.05+0.0012
8.86+ 0.024
3.11£ 0.008
0.41+ 0.004
4.55+0.030
3.02+0.02
3.21+0.008
0.75+ 0.003
3.14+0.19
0.097 £ 0.003
0.02+0.015
0.70+ 001
18.5+0.49
0.13£0.05
0.38 +0.03
4.23+0.14
0.51 +0.008
2.84+0.09

ml TPC), and BtH (98.80 £+ 2.4% at 150 pg/ml
TPC), followed by A. catechu, T. argentea, and F.
racemosa, which exhibited maximum inhibitory
potentials (Fig. 3). M. ferrea (65.89 + 0.15%) and
A. indica (61.13 £ 0.50%) exhibited moderate
inhibitory potential against ChC at 100 pg/ml TPC.
A. lebbeck (78.22 + 2.1%) exhibited the maximum
inhibitory potential, while D. melanoxylon (64.82 +
2.4%) exhibited the minimum inhibitory potential
against PpE at 100 pg/ml TPC. 4. lebbeck (83.40 +
0.6%) exhibited the maximum inhibitory potential,
while M. glabra (70.30 + 0.2%) exhibited the
moderate inhibitory potential against BtH at 150
pg/ml TPC. Among all barks, the lowest inhibitory
potential against all enzymes (ChC, PpE, and BtH)
was exhibited by S. Suaveolens. The remaining
plant barks also exhibited remarkable inhibitory

activities against all three enzymes (Fig. 3). The
inhibitory activities of barks could be due to the
presence of polyphenolic compounds.
Inhibitory potentials of fruits, fruit rind,
flowers, and seeds

In the case of fruits, fruit rind, flowers, and
seeds, the W. fructicosa flower exhibited the highest
inhibitory potential against ChC (98.37+0.4% at
100 pg/ml TPC), PpE (97.23+0.8% at 100 pg/ml
TPC), and BtH (85.53+0.4 at 150 ug/ml TPC),
followed by P. granatum fruit rind and 7. chebula
fruit, which exhibited the maximum inhibitory
potentials against these enzymes. The moderate
inhibitory potential against ChC exhibited by S.
anacardium seed (70.54+1.5%) and T. bellirica
fruit (63.67+0.50%). P. emblica fruit exhibited
moderate inhibitory potential (65.61+£1.7%)



TAK et al., Biomed. & Pharmacol. J, Vol. 18(3), 2133-2149 (2025)

against PpE. S. anacardium seed (21.68+2.7%), T.
bellirica fruit (42.78+1.3%), and P. emblica fruit
(40.64+2.1%) exhibited the minimum inhibitory
potential against BtH at 150 pg TPC/ml. G. superba
fruit and A. marmelos fruit exhibited the minimum
inhibitory potential against all three enzymes (Fig.
4).
Inhibitory potentials of leaves

From inhibitory potentials of leaves, it
was found that P. pterocarpum exhibits the highest
inhibitory potential against ChC (92.64+1.40%).
Among all the inhibitory potential of leaves, 4. vera
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exhibited the highest inhibitory potential (92.46 +
2.46%) against PpE at 100 pg/ml TPC. N. arbor-
tristis, S. robusta, A. camelorum, and C. roseus
exhibited the maximum inhibitory potential against
ChC and PpE. S. robusta (75.65 £ 1.5%) and C.
roseus (80.12 £ 1.5%) exhibited the maximum
inhibitory potential against BtH at 150 pg/ml
TPC. C. pulcherima and L. inermis exhibited the
minimum inhibitory potential against ChC, PpE,
and BtH. F. benghalensis exhibited the lowest
inhibitory potential against all three enzymes

(Fig 5).

il

C 71 721

88 8% &0

o1 %92 93 94 95 96 G753 99 100

< 101102 103 104 105 106 107 108 10% 110

111 112 113 114 115 116 117 118119 120

C 121 122 123 124 125 126 127 128 129 130

C 131 132133 134 135 136 137 138 132 140

Fig. 1. Screening medicinal plant extracts for inhibitory activities against Clostridium histolyticum collagenase
(ChC) by dot blot assay on X-ray film. Numbers 1, 2.... up to 140 are serial numbers of plants mentioned in table
no. 1 as superscript format. C indicates control activity of enzymes. The inhibitory activity of those plants was
tested sequentially as per serial number. Blue spots indicate the gelatinase activity of ChC, and spots without blue
color indicate the inhibitory activity of plant extracts
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Inhibitory potentials of stems, roots and
rhizomes

In the case of stems, roots, and rhizomes,
the highest inhibitory potential was exhibited
by B. ligulata root against ChC (94.77 + 0.2%),
PpE (91.98 £ 1.4%), and BtH (90.60 £ 0.72%).
P. somniferum, C. phlomidis, and V. rosea exhibited
the maximum inhibitory potential of ChC and PpE.
C. phlomidis V. rosea and L. pyrotechnica exhibited
the minimum inhibitory potential against BtH at
150 pg/ml TPC. L. pyrotechnica and V. nilotica
exhibited the minimum inhibitory potential against
ChC and PpE. C. mukul rhizome exhibited the
lowest inhibitory potential against BtH (Fig. 6).

0s 07 03 09 10

01 02 03 04 05
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DISCUSSION

Collagenase, elastase, and hyaluronidase
are the ECM degrading enzymes, performing
various important physiological roles, including
tissue remodeling, immune response, and wound
ling. In the skin aging process, these enzymes
degrade key ECM components excessively,
contributing to the visible signs of aging.
Collagenase cleaves the collagen fibers, which
are essential for maintaining the firmness and
structure of skin, leading to wrinkles and sagging.?’
Elastase degrades elastin, which is crucial for
skin with its elasticity, resulting in loss of skin

T2 73 T 75 U6 7"7" 78 7"9
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111 112113 114 115 116 117 118 119 120

C 121 122 123 124 125 126127 128 129 130

C 81 62 63 64 EL 6 &7 68 6% 70

C 131 132 133 134135 136 137 138 139 140

Fig. 2. Screening medicinal plant extracts for inhibitory activities against Porcine pancreatic elastase (PpE) by

dot blot assay on X-ray film. Numbers 1, 2....

up to 140 are serial numbers of plants mentioned in table no. 1

as superscript format. C indicates control activity of enzymes. The inhibitory activity of those plants was tested
sequentially as per serial number. Blue spots indicate the gelatinase activity of PpE, and spots without blue color
indicate the inhibitory activity of plant extracts.
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tone and resilience.!® Hyaluronidase breaks down  of these enzymes in aging skin accelerates the
hyaluronic acid, which is responsible for skin loss of structural integrity with the development
hydration and plumpness, leading to dryness and  of fine lines, wrinkles, and reduced skin elasticity.
a decrease in skin volume.'? The increased activity ~ Therefore, the inhibitors of these enzymes are

m % inhibition of ChC at 100pg TPC/ml

120 -
m % inhibition of PpE 100pg TPC/ml
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Fig. 3. Inhibitory potential (mean = S. D.) of plant barks against Clostridium histolyticum collagenase (ChC),
Porcine pancreatic elastase (PpE), and Bovine testes hyaluronidase (BtH).
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Fig. 4. Inhibitory potential (mean = S. D.) of plant fruits, fruit rind, flowers, and seeds against Clostridium
histolyticum collagenase (ChC), Porcine pancreatic elastase (PpE), and Bovine testes hyaluronidase (BtH).
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B % inhibition of ChC at 100pg TPC/ml
m % inhibition of PpE at 100pg TPC/ml
m % inhibition of BtH 150pg TPC/ml
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Fig. 5. Inhibitory potential (mean + S. D.) of plant leaves against Clostridium histolyticum collagenase (ChC),
Porcine pancreatic elastase (PpE), and Bovine testes hyaluronidase (BtH).
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Fig. 6. Inhibitory potential (mean = S. D.) of plant stems, root and rhizome against Clostridium histolyticum
collagenase (ChC), Porcine pancreatic elastase (PpE), and Bovine testes hyaluronidase (BtH).
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beneficial agents for avoiding and controlling the
skin aging related consequences.?!

Medicinal plants are rich sources of
polyphenols, which exhibit antioxidant, anti-
inflammatory, anti aging, and photoprotection
properties, making them highly important
in cosmetics.’! Plant polyphenols reduce the
reactivity of free radicals and guard the skin
from environmental damage and oxidative stress.
They are applied in cosmetic formulations for
their capacity to minimize the external signs
of aging by enhancing collagen synthesis and
improving skin elasticity.>* They are involved in
skin protection from various UV-radiations; thus,
they are important ingredients in sun protection
formulations. Because of their antimicrobial and
antioxidant properties, they inhibit the formation
of acne-prone skin and regulate the sebum
production.® This study focused on the assessment
of anti-aging properties in 140 medicinal plants. In
this regard, ethanolic extracts of medicinal plants
were screened against skin-aging enzymes (ChC,
PpE, and BtH), and the TPC of these plant extracts
was estimated. It was observed that plant like; T.
arjuna bark, H. spicatum rhizome, and 4. vera leaf
are rich sources of TPC (Table 1). The obtained
TPC from these plant extracts was found to be
somewhat similar to those estimated in previous
studies. The 7. arjuna bark is famous for its health
beneficial properties in Ayurvedic literature. Saha
et al* reported that the 7. arjuna bark aqueous
extract contains 44% polyphenols by weight,
and the majority of them are polymeric in nature.
The previous study reported* that 7. arjuna
bark contains flavon-3-ols ((+)-gallocatechin,
(+)-catechin, and (“)-epigallocatechin), phenolic
acids (gallic acid, ellagic, acid and its derivatives),
and ellagic acid derivatives (3-O-methyl-ellagic
acid 4-0-a-D-xylopyranoside, and 3-O-methyl
ellagic acid 3-O-rhamnoside). An earlier study
showed* that H. spicatum rhizome is a rich source
of total phenolic (12.82 mg/g dry extract) and
flavonoid (13.998 mg/g dry extract) contents, and
those compounds are responsible for the potential
of this plant. The various extracts from the 4. vera
leaf have been reported®® to contain rich phenolic
compounds. Inhibitors from plant resources have
been recognized®” as effective and safe controlling
agents for skin aging and related diseases.

Screening assays of plant extracts revealed
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that some plants exhibited inhibitory potential; this
was based on the phenolic compounds existing in
plant extracts. Phenolic compounds are a diverse
group of active components in plants synthesized in
response to defensive actions and exhibit inhibitory
activity against enzymes due to their property to
interact with enzymes by different mechanisms,
including hydrogen bonding formation with amino
acid residue, chelation of metals, hydrophobic
interactions, and allosteric inhibition.?% 3% 40

Assessment of the inhibitory potential of
plant extracts exposed 7. arjuna bark, A. vera leaf,
A. catechu bark, W. fructicosa flower, P. granatum
fruitrind, P. pterocarpum leaf, B. ligulata root, and
P, somniferum stem exhibited the highest inhibitory
activities compared to other plants (Figs. 3, 4, 5, and
6). It was observed that 7. arjuna bark and A. vera
leaf contained the highest phenolic concentration
(>15 mg/ml); therefore, the phenolics of these
plants may be involved in inhibitory activity. T.
arjuna, widely accepted medicinal plant, has been
reported to exhibit various biological activities
and is a rich source of inhibitory activity showing
phenolic compounds, including gallocatechin,
catechol, epigallocatechin, gallic acid and ellagic
acid.*"*2 The inhibitory activity of T. arjuna was
quite comparable with the inhibitory activity
reported in a previous study, which investigated*®
that the hydroalcoholic bark extract of 7. arjuna
exhibits significant inhibitory activity against
hyaluronidase (greater than 90%) and substantial
inhibitory activity against elastase (80.26%) at 150
ig/ml concentration. 4. vera is a very popular plant;
it is used worldwide for medicinal, nutritional,
and cosmetic purposes. Previous studies have
shown that 4. vera exhibits significant inhibition
against collagenase, elastase, hyaluronidase, and
tyrosinase. Hence, it was suggested*" % that the
extract of 4. vera could be used as natural remedy
in cosmetics for controlling the skin aging process.
It was reported*® that A. vera exhibits numerous
biological properties and has prominent wound and
burn healing potentials. Its latex and gel contain
biologically important ingredients. Gel isolated
from leaves contains polysaccharides, which have
health benefit, like anti-inflammatory, anti-diabetic,
anti-cancer, and anti-ulcer properties.

Moderate amounts of phenolic
concentrations (3 to 6 mg/ml) were observed in 4.
catechu bark, W. fructicosa flower, P. granatum
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fruitrind, P. pterocarpum leaf, B. ligulata root, and
P. somniferum stem; however, these plants exhibited
high inhibitory potential, indicating the phenolics
of these plants possess strong enzyme inhibitory
properties. 4. catechu has been investigated*’ to
exhibit various medicinal properties, including
antidiarrheal, antihyperlipidemic, antioxidant,
antiproliferative, antimicrobial, antinociceptive,
antiulcer, antidiabetic, haemolytic, and anti-
inflammatory properties due to the presence of
bioactive compounds like flavonoids, tannins,
and alkaloids. Balaji and Durga* reported that
red heartwood of 4. catechu is a source of
catechin, a polyphenolic compound, and it exhibits
antioxidant and anti-elastase activities. Therefore,
the inhibitory activity of 4. catechu may be due to
the existence of phenolic compounds. W. fructicosa
is a traditional medicinal plant; in ancient periods,
it was employed* for the treatment of various
ailments such as blood infection, dysentery,
wounds, fever, inflammation, colds, toothache,
leprosy, rheumatic pain, urinary disorders, and
menstrual problems. Phytochemical analysis
revealed® that this plant is a rich source of various
bioactive compounds. Therefore, it exhibits various
biological activities, including antioxidant, anti-
inflammatory, and wound healing. P. granatum fruit
has been investigated® to exhibit various health
beneficial properties, including anti-inflammatory
and antioxidant activities; thus, this plant fruit
is consumed as functional food worldwide.
Pomegranate concentrated solution (PCS) has
been investigated® as a potential functional
cosmetic ingredient for skin-whitening and anti-
wrinkle effects. It can synthesize hyaluronan in
HaCaT cells, decrease procollagenase and elastase
activities in HDF-N cells, significantly reduce the
UVA-induced MMP-1 activity in HDF-N cells
compared to UVA-exposed cells, and suppress
melanin production and mushroom tyrosinase
activity in Melan-cells.’® P. pterocarpum, B.
ligulata, and P. somniferum have been reported®'>*
3*to have various bioactive metabolites, including
phenolic acids, flavonoids, tannins, and terpenoids,
which are responsible for exhibiting crucial
biological activities. Therefore, the presence of
bioactive metabolites, including phenolics, in these
plants may be responsible for exhibiting inhibitory
activity. The plants including T arjuna, A. catechu,
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W. fructicosa, P. granatum, P. pterocarpum, A.
vera, B. ligulata, and P. somniferum showing
high inhibitory potential would be recommended
as anti-aging candidates in cosmeceuticals for
maintaining the skin’s elasticity and reducing the
visible signs of aging, thereby improving skin
health and appearance. This study emphasizes
the need for future research on the determination
of phenolic inhibitory potential as IC, value,
detection of tyrosinase inhibitory activity of these
plants as a whitening agent, MTT assay for cell
toxicity, and determination of inhibition types as
inhibition mechanism. The work on purification
and characterization of specific and potent
inhibitory compounds from these plants is required
for selective inhibitors to reduce side effects and
improve therapeutic outcomes, enhancing their
potential for clinical application in dermatology
and anti-aging treatments.

CONCLUSION

Based on results of this study, it was
concluded that medicinal plants, including T.
arjuna bark, H. spicatum thizome, A. vera leaf,
and V. rosea stem, are rich sources of phenolic
compounds. Among the investigated species, the
T. arjuna bark, A. catechu bark, W. fructicosa
flower, P. granatum fruitrind, P. pterocarpum leaf,
A. vera leaf, B. ligulata root, and P. somniferum
stem are prominent sources of ChC, PpE, and
BtH inhibitors. These plant extracts, owing to
their high inhibitory potential, represent promising
candidates for incorporation into cosmeceutical
formulations aimed at the prevention and treatment
of skin disorders associated with aging, such
as premature aging, wrinkling, and intrinsic
biological aging. The results of this study provide
valuable insights for the cosmetic industry,
supporting the development of innovative plant-
based cosmeceuticals. Furthermore, the findings
highlight the need for future research focused on
the isolation, characterization, and mechanistic
evaluation of novel bioactive molecules from these
plants as potential anti-aging agents.
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