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Multi - target enzyme inhibitors have gained a growing interest due to their fewer side effects compared to a single targeted or 
combination therapy. Medicinal plants can serve as a vast platform for bioactive molecules that could act as safe and effective multi 
- target enzyme inhibitors. Diabetes mellitus is a complicated metabolic disorder with several enzymes involved such as α-amylase, 
tyrosinase and hyaluronidase. Out of 54 tested extracts, P. emblica and T. diffusa leaves extract exerted the highest inhibitory effect 
against α - amylase with 98.37 and 60.16% inhibition, respectively. G. glabra stolon, propolis resin and C. splendens leaves extracts 
exhibited the highest tyrosinase inhibitory activity with 98.13 ± 0.80, 73.13 ± 0.51 and 65.52 ± 0.68% inhibition, respectively. On the 
other hand, hyaluronidase enzyme, P. granatum, P. emblica, and P. guajava, showed the highest activity at 116.34 ± 1.06% 115.77 ± 
0.45%, and 103.44 ± 0.78% respectively. Subsequently, this study revealed that only 6 extracts; Calligonum comosum, Camellia sinen-
sis, Clerodendrum splendens, Phyllanthus emblica, Rumex acetosa, and Turnera diffusa, retained a multi - target inhibitory effect on the 
three tested enzymes. Interestingly, all 6 plants except Calligonum comosum are commonly used in folkloric medicine for diabetes 
modulation and our results rationalize their traditional use. Furthermore, the antioxidant capacity and the total phenolic content 
were determined for all extracts, where they showed potential anti - oxidant capacity related to their high total phenolic content. 
The obtained results prompted us to a preliminary conclusion towards the potential use of medicinal plants as multi - target enzyme 
inhibitors for the modulation of metabolic diseases such as Diabetes mellitus.
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Introduction
Natural products, their derivatives and traditional remedies 

have an uprising attention in drug discovery approaches. Natural 
products are characterized by their structural diversity so; they 
could be utilized as biological function modifiers. This open the 
door for the development of new technologies in discovering new 

drugs based on natural products’ screening, because they are a rich 
wealth of bioactive compounds. These bioactive compounds have 
a disease inhibiting abilities with many advantages over the syn-
thetic ones such as lower toxicity with more effectiveness. Natural 
products’ ethnos pharmacological uses and pure compound isola-
tion from their crude extracts are the basis of for developing a lead 
compound through natural products drug discovery [1].

Medicinal plants are a rich source of bioactive natural products 
which are used as active elements in modern medication. Currently, 
researchers in the study organizations through the world are seek-
ing for inexpensive, effective, real and simple accessible natural 
compound enzyme inhibitor [2]. Enzyme inhibitors are mostly bio-
active secondary metabolites binding with an enzyme to reduce its 
bioactivity. Subsequently, blocking enzyme activity can kill a patho-
gen or correct a metabolic imbalance. Many natural products are 
enzyme inhibitors characterized by their specificity, potency and 
effectiveness. great specificity and potency confirm that a medici-
nal drug will have few side effects and possess low toxicity [3]. 
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There are number of examples which deal with enzymes as 
drug targets involved in the designing of new drugs, such as; ol-
ive and ginkgo extracts as potential cataract therapy with differ-
ential inhibitory activity on aldose reductase [4], botulinic acid 
analogues as potent topoisomerase inhibitors [5], and flavonoids 
containing an alpha-keto group as a new type of tyrosinase inhibi-
tors from natural products as potential treatments for hyperpig-
mentation [6]. 

All of the previous examples are about using one compound that 
targets single enzyme (on - target approach), with high selectivity 
to avoid any unwanted effects arising from mis - targeting other 
biological targets (off - targets). On this basis, the concept of drugs 
inhibiting multiple targets has long been identified as undesirable, 
as it was associated with adverse effects. However, the complexity 
of the current incurable pathologies has clearly demonstrated that 
such single - target drugs are inadequate to achieve a therapeutic 
effect. In parallel, it was found that molecules hitting more than 
one target may have in principle a safer profile compared to single-
targeted ones [7]. 

One of the common complex metabolic disorders is diabetes 
mellitus, which is characterized by very high plasma glucose levels 
(hyperglycemia), causing significant fluxes of glucose in tissues re-
sulted in secondary complications such as peripheral neuropathy, 
skin disorders, and impaired wound healing ability [8]. Therefore, 
the control of postprandial hyperglycemia should be the first tar-
get to prevent and manage (DM) [9]. Upon inhibiting the α - amy-
lase enzyme, the liberation of D - glucose from dietary complex 
carbohydrates can be retarded. Thus, α - amylase inhibitors play 
an important role in delaying the digestion and absorption of car-
bohydrates and hinder postprandial hyperglycemic deviation [10]. 

Skin hyperpigmentation disorders are one of the complications 
in diabetic patients as a result of oxidative stress due to hypergly-
cemia. For this reason, it could be useful to inhibit the tyrosinase 
enzyme, which regulates melanin synthesis [11,12]. These have 
motivated researchers to seek for novel dual - action compounds 
targeting the tyrosinase enzyme activity and possessing antioxi-
dant properties. Moreover, impaired wound healing is a common 
problem in diabetic patients, which is mechanistically linked to 
hyperglycemia through the degradation of hyaluronan (HA) in the 
glycocalyx of endothelial cells (ECs) by the hyaluronidase enzyme. 
Such changes are likely to increase oxidative damage, impairing 
the process of wound healing [13]. 

Oxidative stress is one of the causative factors for DM compli-
cations [10], contributing to inflammation, carcinogenesis, cell 
proliferation, aging, and other complications [14]. Also, it could 
induce melanin biosynthesis, and may induce proliferation of me-
lanocytes [15,16]. Therefore, adding the antioxidant/anti - stress 
activity to the multi - target effect of selected natural products on 
three enzymes; α - amylase, tyrosinase, and hyaluronidase will 
lead presumably to a potential therapeutic agent (s) for treatment 
of diabetes and diabetic complications. 

This prompted us to search for bio - active natural products with 
inhibitory activities against enzymes involved in DM progression, 
such as α - amylase, tyrosinase and hyaluronidase. Fifty - four me-
dicinal plants extracts were selected and tested for their in vitro α - 
amylase, tyrosinase, and hyaluronidase inhibitory activity. The anti 
- oxidant potential and the total phenolic content of the samples 
were also measured.

Materials and Methods 
Plant materials 

Plants represented in Table 1 were collected from the farm of 
Faculty of Pharmacy and Faculty of agriculture, University of Man-
soura, Egypt in November 2016. Unorganized drugs were pur-
chased from Huaraz herbal store in Cairo. Samples were identified 
by Prof. Zain El - abdeen Abd El - Hameed Mohamed, Department 
of Agricultural Plants, Faculty of Agriculture, Mansoura University. 

Part usedFamilyLatin name
LeavesSolanaceaeAtropa belladonna

Oleo-gum resinBurseraceaeBoswellia carterii

LeavesTheaceaeCamellia sinensis

FruitSolanaceaeCapsicum officinal

LeavesPolygonaceaeCalligonum comosum

LeavesCalastralesCatha edulis

BarkRubiaceaeCinchona officinalis

LeavesCleomaceaeCleome droserifolia

LeavesLamiaceaeClerodendrum splendens

LeavesLamiaceaeColeus lumei(Plectranthus 
scutellarioides)

Gum – ResinBurseraceaeCommiphora molmol

LeavesApiaceaeCoriandrum sativum

LeavesLythraceaeCuphea hyssopifolia 
Kunth

LeavesPoaceaeCymbopogon citratus

LeavesApocynaceaeCynanchum argel Delile

TubersCyperaceaeCyperus routundus

LeavesSolanaceaeDatura stramonium

SeedsAsteraceaeEchinops spinosissimus

LeavesAsteraceaeGerbera jamesonii

StolonFabaceaeGlycyrrhiza glabra

LeavesMalvaceaeHibiscus sabdariffa

LeavesSolanaceaeHyoscyamus muticus

FruitArecaceaeHyphaene thebaica

LeavesOleaceaeJasminum officinale

LeavesVerbnaceaeLantana camara

LeavesLythraceaeLawsonia inermis

SeedBrassicaceaeLepidium sativum

LeavesAnacardiaceaeMangifera indica

LeavesLamiaceaeMentha piperita

LeavesMorimgaceaeMoringa oleifera
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% of inhibition = ([Abs control – Abs sample]/Abs control) ×100

In vitro tyrosinase inhibitory assay 

LeavesMorceaeMorus alba

LeavesApocynaceaeNerium oleander

LeavesLamiaceaeOcimum sanctum

LeavesOleaceaeOlea europaea

SeedsArecaceaePhoenix dactylifera

LeavesPhyllanthaceaePhyllanthus emblica

ResinPinaceaePinus palustris

FruitPiperaceaePiper nigrum

LeavesAnacardiaceaePistacia lentiscus

EndocarpAnacardiaceaePistacia vera

Resin-Propolis

LeavesMyrtaceaePsidium guajava

LeavesLythraceaePunica granatum

Pathological 
outgrowthFagaceaeQuercus infectoria

LeavesRosaceaeRosa damascena

LeavesLamiaceaeRosmarinus officinalis

RootsRubiaceaeRubia tinctorum

LeavesPolygonaceaeRumex acetosa

RootsCaryophyllaceaeSaponaria officinalis

LeavesTamaricaceaeTamarix aphylla

Leaves CupressaceaeThuja orientalis

LeavesLamiaceaeThymus vulgaris

LeavesPassifloraceaeTurnera diffusa

LeavesSolanaceaeWithania somnifera

Table 1: List of medicinal plants investigated. 

Α - amylase from Aspergillus oryzae, Mushroom tyrosinase en-
zyme kojic acid, and L - tyrosine (Sigma Aldrich, St. Louis, USA), 
3,5 - dinitrosalicylic acid (DNS, Euromedex, France), Hyaluronic 
acid (Hyalgan®, Fidia Farmaceutici, Italy), tryptic soya broth (TSB, 
Neogen company, UK), tannic acid (Oxford, UK), human albumin 
(Diamond diagnostic, Egypt) and p - dimethyl amino benzaldehyde 
(PDMAB, Oxford, UK). All solvents and chemicals were of analytical 
grade. The bacterial strain S. aureus ATCC 6538 was used.

Chemicals

About 200 grams from each medicinal plant and 100 g from 
each unorganized drug were extracted separately by methanol 
(500 ml), the extraction was carried out at room temperature, re-
peated three times, the solvents from the combined extracts were 
evaporated by vacuum rotary evaporator, then dried in a desicca-
tor till fixed weight.

Samples preparation

Total antioxidant capacity (TAC) of extracts was measured 
spectrophotometrically using the phosphomolybdenum assay de-
scribed by [17,18]. Briefly, 300 µl of the extract solution (1 mg/ml 

Total antioxidant capacity (TAC)

methanol) was added to 2700 µl of phosphomolybdenum reagent 
in covered test tubes. Phosphomolybdenum reagent was prepared 
by adding 4 mM ammonium molybdate and 28 mM sodium phos-
phate to 0.6 M sulfuric acid. The tubes were then incubated in 95 °C 
water bath for 90 m. The tubes were allowed to cool to room tem-
perature before measuring the absorbance of the solutions spec-
trophotometrically at 695 nm. 300 µl of methanol was used in the 
blank instead of the extract. The antioxidant activity was expressed 
as micrograms per milliliter of ascorbic acid equivalents (μg/ml of 
AAE).

Total phenolics were determined using Folin – Ciocalteau re-
agents as described by [19]. Plant extract or gallic acid standard 
were mixed with 1.8 ml of Folin – Ciocalteu reagent (prediluted 10 
- fold with distilled water) and allowed to stand at room tempera-
ture for 5 m, and then 1.2 ml of sodium bicarbonate (7.5%) was 
added to the mixture. After standing for 60 m at room temperature 
(in the dark), absorbance was measured at 650 nm. Results were 
expressed as μg gallic acid equivalents (GAE). 

Total phenolic content (TPC)

The α - amylase inhibitory assay was performed according to 
the assay described by [20] with minor modifications. To 250 μL of 
0.02 M sodium phosphate buffer (pH 6.9, 0.006 M NaCl) containing 
α - amylase enzyme (4 mg/ml), 250 μL of each plant extract (1mg/
ml) was added and incubated for 10 m at RT, then 250 μL of 1% 
of soluble starch solution was added. The reaction mixtures were 
then kept for 3 m RT. A DNS color reagent (250 μL) was added to 
stop the reaction and all mixtures were placed in a boiling water 
bath for 5 m and then cooled to RT Absorbance was measured at 
540 nm. Quercetin was used as positive control. The assay was con-
ducted in triplicates, and α-amylase inhibitory activity of the plant 
extracts was calculated using the formula:

In vitro α - amylase inhibitory assay 

Tyrosinase inhibitory assay was determined as described by 
[21]. Briefly, L - tyrosine was used as the substrate of the enzyme. 
Fifty μL plant extracts (1mg/ml), 50 μL mushroom tyrosinase so-
lution (2mg/ml) and100 μL phosphate buffer (50 mM, pH 6.8) 
were mixed and incubated for 10 m at 37 °C. Afterward, 100 μL 
of L - tyrosine (2 mM) was added. Then, the reaction mixture was 
incubated at 37 °C for 20 m. The amount of dopachrome formed 
is proportional to the color formation which was measured at 475 
nm. Kojic acid dissolved in DMSO was used as a positive control. 
The extract inhibitory potential towards tyrosinase enzyme was 
calculated as follows:

% of inhibition = [(Abs control − Abs sample)/Abs control] ×100

Hyaluronidase production was evaluated as described by [22].
Phenotypic detection of hyaluronidase production in S. aureus
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The hyaluronidase inhibition assay was determined as de-
scribed by [23] with minor modifications. S. aureus strains were 
grown at 37°C overnight in TSB with shaking, sub cultured 1:1000, 
and grown for 6 h at 37°C. Spin - X filters was used to isolate spent 
culture medium with pore size 0.22 μm and kept at -20°C until 
used. A 50 µl of spent culture medium was incubated at 37°C for 
15 m with 50 μL of 1 mg/ml plant extracts dissolved in DMSO. 100 
μL hyaluronic acid with concentration 1 mg/ml was mixed. The 
reaction was allowed for 15 m at 37°C before it was stopped by 
adding 25 μl of 0.8 M sodium tetra borate solution. The reaction 
mixture was then boiled for 3 m. 500μL freshly prepared PDMAB 
solution (10% [wt/v], 12.5% [v/v] 10 M HCl, and 87.5% [v/v] gla-
cial acetic acid) was added. Tannic and ascorbic acid were used as 
standard inhibitors. The reaction mixtures were then placed in a 
96 - well micro-plate. The plate was incubated for 20 m at 37°C to 
allow the color development. 100% activity of the enzyme (con-
trol) was conducted with the same procedure but without the test 
or standard inhibitor which was replaced by 50μL of DMSO. While 
a blank for sample and control was used, this had all the compo-
nents except the enzyme. Absorbance at 570 nm was measured us-
ing microplate reader and percentage of inhibition was calculated 
using the formula:

In vitro hyaluronidase inhibitory assay 

Percentage of inhibition = [(Abs control − Abs sample)/Abs con-
trol] ×100

Where Abs control is the absorbance of 100% activity of the 
enzyme and Abs sample is the absorbance of the test reaction mix-
ture containing extract or the positive control.

Extracts of medicinal plants have an uprising interest as they 
could be used as multi - target enzyme inhibitors with anti - oxi-
dant activity for treatment and management of various disorders 
with lower side effects. Based on the previous reports about using 
medicinal plants traditionally as anti-diabetic agents [24], α - amy-
lase, tyrosinase, hyaluronidase and anti - oxidant activities of 54 
medicinal plants were investigated in this study.

Results and Discussion 

The extracts of all investigated plant materials showed anti - 
oxidant activities, but with different degrees, extending from 12.72 
± 0.85 to 379.25 ± 5.61 μg/ml AAE. The resin of P. palustris showed 
the highest then C. sinensis (245.11 ± 3.95 μg/ml AAE) while Turn-
era diffusa leaves extract showed the lowest anti - oxidant poten-
tial. P. granatum, P. emblica, P. guajava, C. comosum, Propolis resin, 
P. lentiscus leaves, R. acetosa, P. dactylifera seeds, G. glabra stolon 
extracts and C. splendens, exhibited good anti - oxidant activities 
(136.29, 128.01, 116.54, 91.93, 83.79, 82.03, 77.91, 62.13, 53.99 
and 52.91, μg/ml AAE, respectively). The anti - oxidant activities of 
these plant extracts are most likely due to their phenolic contents.

Determination of anti - oxidant capacities [17]

Determination of total phenolic content for all investigated 
plant extracts was carried out by Folin – Ciocalteu colorimetric 

Determination of total phenolic content 

methods. The color produced is proportional to the amount of 
polyphenols present in plant extracts. The methanolic extract of p. 
emblica leaves showed the highest phenolic content followed by C. 
officinalis with 1064.30 and 880.06 µg/ml GAE, respectively. The 
lowest phenolic content was detected in P. nigrum with 15.21 µg/
ml GAE. 

Α - amylase inhibitors from medicinal plants give a new thera-
peutic method to the management of postprandial hyperglycemia 
by inhibiting glucose release from starch and the potential use in 
the management of obesity and diabetes mellitus. Artificial α- amy-
lase inhibitors such as acarbose and voglibose cause various nega-
tive gastrointestinal symptoms and hepatic complications [10]. Α 
- amylase inhibitors from phenolic herbal extracts are more benign, 
and consequently could be preferred as an alternative for inhibition 
of carbohydrate - digestion enzymes. Upcoming studies is pointed 
at studying the possible amylase inhibitory activity of additional 
phenolics present in plant extracts and at explaining phenolic in-
teractions mechanisms that may improve inhibition of α - amylase 
enzyme activity [25].

In this study as presented in Table 2, P. emblica and T. diffusa 
leaves extract exerted the highest inhibitory effect against α - amy-
lase with (98.37 and 60.16% inhibition, respectively) followed by P. 
palustris resin with (48.99% inhibition) as represented in Figure 1 
Vs. quercetin (76.09%). P. emblica and T. diffusa were found among 
folk medicine for diabetes [26] and this study rationalize their tra-
ditional use. Among the other analyzed methanolic extracts C. dros-
erifolia, C. Splendens, C. molmol resin, C. sinensis, B. carterii, C. como-
sum, and R. acetosa leaves extract exhibited moderate α - amylase 
inhibitory properties with 43.69, 39.86, 38.71, 37.46, 36.35, 36.14, 
and 35.41% inhibition, respectively. 

Α - amylase enzyme

Table 2 showed G. glabra stolon, propolis resin and C. splen-
dens leaves extracts exhibited the highest tyrosinase inhibitory 
activity (98.13 ± 0.80, 73.13 ± 0.51 and 65.52 ± 0.68% inhibition, 

Tyrosinase enzyme

Figure 1: Percentage of inhibition for the methanolic Plant 
extracts after carrying out α-amylase inhibitory assay using 
α-amylase from Aspergillus oryzae and starch as the substrate, 
showing that p. emblica and T. diffusa leaves extract are the most 
active followed by P. palustris in comparison with Quercetin, the 

used positive control.
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% InhibitionTPC 
 (µg/ml GAE)

TAC 
 (µg/ml AAE)Latin name/ Family

HyaluronidaseTyrosinaseα- amylase

97.03 ± 1.6941.00 ± 1.8337.46 ± 2.04195.36±3.21245.11 ± 3.95Camellia sinensis (leaves) Theaceae
93.36 ± 3.1841.90 ± 3.7536.14± 1.46152.79±2.9291.93± 2.82Calligonum comosum (leaves) Polygonaceae
82.16 ± 1.5165.52 ± 0.6839.86 ± 2.42139.45±1.8252.91 ± 1.06Clerodendrum splendens (leaves) Lamiaceae

115.77 ± 0.4552.84±1.3998.37 ±1.091064.30±4.10128.01 ± 2.54Phyllanthus emblica (leaves) Phyllanthaceae
70.43 ± 0.4538.70 ± 1.0335.41 ± 1.8263.09±2.4177.91 ± 3.61Rumex acetosa (leaves) Polygonaceae
37.43 ± 1.2948.84 ± 0.6160.16 ± 3.30-30.54±4.7212.72 ± 0.85Turnera diffusa (leaves) Passifloraceae

--76.09 ± 0.87--Quercetin
-108.78 ± 

0.82
---Kojic acid

91.24 ± 0.49----Tannic acid
55.93 ± 1.94----Ascorbic acid

Table 2: List of the investigated medicinal plant extracts inhibitory activity against α amylase, tyrosinase and hyaluronidase,  
their total anti - oxidant capacity and total phenolic content as well as the positive controls. 

The data is represented as mean ± standard deviation (SD) for inhibition. The experiments were conducted in triplicates (n=3). 

respectively) in comparison with kojic acid which is the positive 
control with (108.78 ± 0.82% inhibition) as shown in Figure 2. The 
other analyzed plants showed good tyrosinase inhibitory activity. 
Tyrosinase inhibitors are exploited for the prevention of skin dis-
eases, and they are used in skin-whitening creams [27]. The previ-
ous studies have shown the presence of tyrosinase inhibitors in G. 
glabra stolon extract [6]. However, there were no previous reports 
about using C. Splendens and propolis as inhibitors of this enzyme. 
Therefore, they are considered to be new potential therapeutic 
agents for the treatment and management of hyperpigmentation.

Figure 2: Percentage of inhibition for the methanolic plant ex-
tracts after carrying out tyrosinase inhibitory assay using mush-
room tyrosinase and L-tyrosine as the substrate, showing that G. 
glabra stolon extract is the most active one followed by Propolis in 

comparison with kojic acid, the used positive control. 

S. aureus bacterial growth was detected after 24 h of incuba-
tion. After washing the plates with 2N glacial acetic acid, a clear 
zone around the bacteria was detected and the un - degraded hy-
aluronic acid formed a white precipitate in the rest of the plate. 
These observations indicated that S. aureus produced hyaluroni-
dase enzyme which degrade the HA in the area around the bacte-
rial growth.

Phenotypic detection of hyaluronidase production in S. aureus

Table 2 shows the hyaluronidase inhibitory activity of the se-
lected medicinal plant extracts using hyaluronic acid as substrate. 
The highest hyaluronidase inhibition was recorded in P. granatum 
leaves extract 116.34 ± 1.06% followed by P. emblica 115.77 ± 
0.45%, P. guajava 103.44 ± 0.78%, P. dactylifera 102.50 ± 1.10%, 
P. lentiscus 101.84 ± 1.36%, C. sinensis 97.03 ± 1.69 and C. como-
sum 93.36 ± 3.18% inhibition. The previously mentioned plants 
exhibited stronger inhibitory activity than tannic acid and ascorbic 
acid (positive controls) with 91.24 and 55.93% inhibition, respec-
tively. L. sativum seeds and L. inermis leaves extracts are also good 
potential inhibitors for hyaluronidase with (84.51 and 83.15% 
inhibition, respectively). The inhibition of hyaluronidase and the 
subsequent decrease in the breakdown of hyaluronic acid, result 
in a decrease in angiogenesis, inflammation solving the problem of 
impaired wound healing in diabetic patients [28]. They also could 
inhibit the hyaluronidase produced by the bacteria in the infected 
ulcers. Hyaluronic acid used in the synthesis of biological scaffolds 
for wound healing applications. These scaffolds typically have pro-
teins such as fibronectin attached to the hyaluronan to facilitate 
cell migration into the wound. This is particularly important for 
individuals with diabetes suffering from chronic wounds [29]. The 
previous studies have revealed the existence of hyaluronidase in-
hibitors in P. granatum, C. sinensis [30]. However, hyaluronidase 
inhibitory activity was not reported in P. lentiscus leaves, P. dacty-
lifera seeds and C. comosum leaves extract so, these plants consid-
ered as new potential sources for hyaluronidase inhibitors. 

Hyaluronidase enzyme

The previous findings revealed that six of the investigated plant 
extracts (C. comosum, C. sinensis, C. Splendens, p. emblica, R. ace-
tosa and T. diffusa), could inhibit the three enzymes of interest as 
illustrated in Figure 4. P. palustris and T. diffusa extracts are active 
against only α - amylase and tyrosinase as shown in Figure 5, while 
nine plant extracts inhibited tyrosinase and hyaluronidase only as 
shown in Figure 6.
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Figure 3: Percentage of inhibition for the methanolic plant ex-
tracts after carrying out the hyaluronidase inhibitory assay using 
bovine hyaluronidase and hyaluronic acid as the substrate, show-
ing that p. granatum and p. emblica leaves extracts made a signifi-

cant inhibition more than tannic acid, the used positive control. 

Figure 4: Methanolic plant extracts with multi-target  
inhibitory activity against alpha amylase, tyrosinase and 

 hyaluronidase.

Figure 5: Methanolic plant extracts with both α-amylase  
and tyrosinase inhibitory activity. 

Figure 6: Methanolic plant extracts with both tyrosinase 
 and hyaluronidase inhibitory activity.

The multi - target activity of those plant extracts supports the 
idea of management and treatment of DM as a complicated meta-
bolic disorder. Hyperglycemia could be the cause of increasing the 
level of free radicals, leading to oxidative tissue damage and dia-
betic complications such as skin hyperpigmentation and impaired 
wound healing [13,31]. Therefore, the control of postprandial hy-
perglycemia is one of the main therapeutic approaches in the treat-
ment of DM by α - amylase inhibitors and its complications by using 
tyrosinase and hyaluronidase inhibitors. 

The previously mentioned multi - target plant extracts exhibited 
significant anti - oxidant potential with high polyphenolic content. 
Having dual hypoglycemic and antioxidant activities has consid-
ered to be the most effective and preferable anti - diabetic therapy 
because of its vital role in decreasing the hyperglycemia induced 
oxidative stress [32]. 

All of the multi - target plant extracts except C. comosum were 
previously reported in folkloric medicine as anti - diabetic agents. 
This study confirms the presence of bio - active secondary metabo-
lites acting as enzyme inhibitors, validating their traditional use in 
the treatment of DM.

Based upon the inhibitory activity to three enzymes related to 
metabolism, good antioxidant activity, and high phenolic contents, 
Calligonum comosum, Camellia sinensis, Clerodendrum Splendens, 
phyllanthus emblica, Rumex acetosa and Turnera diffusa leaves ex-
tracts we may propose the possible promising multi - target enzyme 
inhibitors, as anti - diabetic agents and/or in the modulation of dia-
betic complications. The multi - target enzyme inhibition of these 
extracts could be correlated to their high anti - oxidant polyphenols 
content. Further phytochemical, computer - aided designed (CAD), 
molecular biology, and in vivo toxicity studies are currently under 
investigation for these active crude extracts to determine the major 
bio - active compounds which is/are responsible for their multiple 
inhibitory activity against α - amylase, tyrosinase and hyaluroni-
dase as well as the mechanism of action.

Conclusion
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