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Significance: Compounds derived from plants are gaining importance for the
treatment of several diseases. Many plants from the Convolvulaceae family
contain compounds that have demonstrated wound healing and antidiabetic ac-
tivity. Such compounds can be effectively used as a part of treatments to promote
wound healing in diabetics and used in combination with antimicrobial therapy to
reduce the likelihood of drug resistance and allergic reactions. Novel strategies
for developing herbal formulations such as nanoparticles and adhesive patches
can improve the delivery of plant-based therapeutic agents.
Recent Advances: Studies have confirmed the antidiabetic and wound healing
activities of Merremia tridentata, Argyreia speciosa, and Ipomoea batatas,
whereas Evolvulus alsinoides, Evolvulus nummularius, Argyreia cuneata, and
Ipomoea carnea have wound healing activity.
Critical Issues: Drug resistance is a major problem associated with antimicrobial
therapy and can affect wound healing processes. Phytoconstituents can facilitate
healing processes and reduce reliance on antibiotics.
Future Directions: Plants from the Convolvulaceae family have had frequent
traditional uses, and all plants selected for this study have antimicrobial, anti-
diabetic, and wound healing properties. Detailed phytochemical studies of these
plants can help develop novel wound healing therapies.
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SCOPE AND SIGNIFICANCE

Phytochemicals are gaining im-
portance and can be incorporated into
treatments to lower the incidence of
side effects from antibiotics and other
drugs. In diabetic patients, chronic
infections caused by drug-resistant
microorganisms can affect wound
healing. Plants from the Convol-
vulaceae family have antidiabetic,
wound healing, and antimicrobial
activities. Thus, the use of phytocon-
stituents, in polyherbal formula-
tions or delivered as nanoparticles,
neosomes, or adhesive patches, can
be used to mitigate problems associ-
ated with drug resistance.

TRANSATIONAL RELEVANCE

Drug resistance, particularly to
antibiotics, is a major problem that
affects more than 10 million patients
annually. Plants produce a variety of
secondary metabolites, including al-
kaloids, glycosides, tannins, terpe-
noids, steroids, flavonoids, quinones,
and saponins. Such phytoconstituents
can be combined with antimicrobials
to enhance overall effectiveness.

CLINICAL RELEVANCE

There are fewer standardized
herbal drugs due to a lack of regula-
tory standards and implementation
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protocols, which remain a major obstacle to the
development of plant-based compounds as alter-
native therapies. An in-depth analysis of each step/
stage of natural drug development is necessary to
ascertain quality, safety, and reproducibility.
Limitations related to solubility and bioavailability
of phytochemicals can be avoided using novel de-
livery strategies, such as liposomes, nanoparticles,
micelles, and adhesive patches.

INTRODUCTION

Plants produce a variety of secondary metabolites,
including alkaloids, glycosides, tannins, terpenoids,
steroids, flavonoids, quinones, and saponins. These
plant products may exert their action by resembling
endogenous metabolites, ligands, hormones, signal
transduction molecules, or neurotransmitters, and
lead to beneficial effects on would healing and dia-
betes. Plants also produce antimicrobial peptides
having structures that are stabilized by eight
disulphide-linked cysteines, which could be a factor
in alternative approaches for microbial therapy.
Previous studies demonstrated that secondary me-
tabolites such as coumarins specifically act on Sta-
phylococcus aureus and that plant-derived agents
such as phenolic compounds exhibit antimicrobial
activity through the reduction of pH, increases in
membrane permeability, or alterations in efflux
pumping.1 Gram-negative bacteria develop drug re-
sistance throughchanges in thepermeability of outer
membranes that are composed of hydrophilic poly-
saccharides and control the entry of hydrophobic
quinolones, alkaloids, and amphipathic antibiotic
compounds. Efflux of antimicrobials mediated by
membrane-bound pumps also contributes to drug
resistance. These resistance mechanisms can be ad-
dressed through the use of plant-derived antimicro-
bials with traditional antibiotics.2 In India,
combinations of several medicinal plants have long
been used to treat a range of conditions.3 Many of the
plant materials used in traditional medicines are
readily available in rural areas and at lower cost than
modern medicines.4,5 Considering this wide use of
herbal medicines, standardization methods are es-
sential to ensure that active ingredients isolated
from different parts of the plant and from plants ob-
tained from different sources are consistent. Such
standardization procedures include: (1) good agri-
cultural practices; (2) good manufacturing practices
for extraction; (3) quality assurance by determining
the presence of adulterants, such as pesticide resi-
dues, aflatoxin content, bacterial/fungal growth, and
heavy metal contamination; (4) evaluation of phar-
macodynamics, pharmacokinetics, dosage, stability,

self-life, and toxicity to prevent adverse reactions; (5)
repetitive testing using different batches to control
batch-to-batch variation to increase reproducibility;
and (6) cheminformatic approaches to ensure that
pharmacological profiles match activity profiles of
active constituents of the drugs themselves.6

Wounds disrupt the functional continuity of cells
and tissues at the site of injury and can be caused
by insults to tissue that occur via changes to
physical, chemical, microbiological, or immuno-
logical processes. Wound healing can involve in-
flammation, granulation, epithelialization, and
maturation. In diabetic patients, delays in wound
healing can lead to chronic wounds. Drug-resistant
bacterial strains such as methicillin-resistant S.
aureus are often found in chronic wounds.7–10

Drugs derived from plant compounds can address
these issues. Curcumin is a promising phyto-
chemical that could promote wound healing due to
its inhibitory activity toward nuclear factor-jB and
ability to enhance collagen deposition as well as
increase fibroblast numbers and vascular density.
Although the solubility of curcumin is limited, new
curcumin formulations such as nanocrystals or
amorphous solid dispersion or nanoemulsions in-
crease its solubility, while also improving the bio-
availability and photostability.11 Phytochemicals
derived from aloe vera, propolis, banana leaf, cocoa,
and honey also possess wound healing activity12

The number of phytochemicals used for therapeu-
tic applications is likely to increase based on the
growing interest in various uses of plant extracts
and studies on active plant constituents that pro-
mote or modulate healing processes.

USE OF CONVOLVULACEAE FAMILY PLANTS
TO PROMOTE WOUND HEALING
Ipomoea carnea

Ipomoea carnea, commonly known as morning
glory, is used traditionally to treat a range of dis-
eases from fungal infections of the skin to arthritis.
Leaves of I. carnea are used as purgative, and
milky juice from these leaves is traditionally used
to treat leukoderma. Several tribes in India use I.
carnea leaf material suspended in coconut oil or
sesame oil for treatment of wounds. I. carnea also
contains multiple secondary metabolites, such as
glycosides, alkaloids, phytosterols, proteins, sa-
ponins, and the polysaccharide ipomose.13 Gas
chromatography-mass spectrometry (GC-MS)
studies on chloroform and benzene extracts of these
leaves indicated the presence of neophytadiene, 1-
decanol, tetradecanoic acid, pentadecane, 1-iodo-
2-methylundecane, trans-caryophyllene, eicosane,
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2-butenoic acid, and cholestan-3-one, which have
insecticidal properties. Furthermore, quantitative
studies of I. carnea phytochemistry revealed that
these plants contain high amount of total phenols,
tannins, and flavonoids other plants.14

A comparison of the relative effectiveness of a
common antibiotic nitrofurazone (0.2% w/w) with I.
carnea methanol extracts (Fig. 1) showed that the
plant extract contained tannins that could be re-
sponsible for the observed wound healing activity
of these plants. These tannins could affect several
mechanisms involved in would healing, including
chelation of free radicals and reactive oxygen spe-
cies, promotion of blood vessel contraction, and
proliferation of fibroblasts and keratinocytes.

However, the extracts did not affect differentiation
of cornified cells. Results from this study showed
that methanol extracts were more effective in
promotion of wound healing than ethyl acetate and
chloroform fractions (Fig. 2).4

An assessment of the antimicrobial activity of I.
carnea using the disk diffusion method with
streptomycin as a standard revealed that a crude
acetone extract of I. carnea had antimicrobial ac-
tivity against Salmonella typhimurium and Pro-
teus vulgaris as evidenced by a 7 and 9 mm,
respectively, zone of inhibition (ZOI). Meanwhile,
an I. carnea ethanol extract was active against
Pseudomonas aeruginosa, producing an 8 mm
ZOI.15 Furthermore, silver nanoparticles gener-
ated using aqueous extracts of I. carnea leaves
were shown to have antibacterial activity. These
extracts contain polyphenols and alkaloids that act
as reducing agents, demonstrated by the ability of
500 mL of extract to reduce 100 mL of 1 mM silver
nitrate solution to silver nanoparticles within
5 min. In the disk diffusion assay, these particles
produced a 14 mm ZOI against S. aureus and pro-
duced a 13 mm ZOI against nanoparticles loaded
per disk. This inhibitory activity is likely due to the
release of free radicals from the surface of silver
nanoparticles that could attack membrane lipids of
the bacteria to affect membrane function.16

Evolvulus alsinoides
Evolvulus alsinoides (Fig. 3) has traditional ap-

plications for treatment of coughs and colds and for
illnesses associated with the nervous system, includ-
ing epilepsy, memory loss, and mental disorders. The
Kani ethnic group in South Western Ghats in India

Figure 1. Ipomoea carnea.

Figure 2. Wound healing activity.4,21,22,27,31,32,36,39,43
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uses these plants to treat venereal diseases.17,18 As
with other plants in the Convolvulaceae family, E.
alsinoides contains several phytoconstituents and
alkaloids, flavonoids, saponins, glycosides, carbohy-
drates, phenolic compounds, and steroids as deter-
mined by preliminary phytochemical screening.
GC-MS studies on whole plant extracts indicated the
presence of lupeol, betulin, viridiflorol, glycerol, an-
thocyanidin, 1,2,4-butanetriol, n-hexadecanoic acid,
quinic acid, 1-[2-(2-methoxy-1-methylethoxy)-1-
methylethoxy]-2-propanol, squalene, phytol, octa-
decanoic acid, 9-octadecenoate, copaene, terpino-
lene, conhydrin, bis(2-ethylhexyl) phthalate, diethyl
phthalate, 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-
pyran-4-one, ethyl icosanoate, pyrogallol, triethyl
(5-benzoyl-1H-pyrrol-2-yl) methanetricarboxylate,
cycloheptatriene, 1-(2-piperidinyl)-1-propanol, 3-
methylcyclopentane-1,2-diol, 4-(3,6-dimethyl-3-
heptanyl)phenol, cinnamaldehyde, and ethyl 3,7,
12-trihydroxycholan-24-oate.19,20

To evaluate the wound healing activity of E. al-
sinoides, excision wounds (2 · 2 cm) were made in
albino rats weighing about 180–200 g. The animals
were divided into two groups with one group serv-
ing as the control and the other treated with topical
application of E. alsinoides extract. Histological
analysis revealed increased collagen formation and
fewer macrophages in tissues from extract-treated
animals relative to the control. The study demon-
strated that the treated tissues contained hex-
osamine and hydroxyproline, a component of
collagen, and that the amounts of these compounds
increased during wound healing. These results
indicated that E. alsinoides could have potent
wound healing activity, although the phytocon-
stituent responsible for this action awaits more
detailed phytochemical studies.21,22

In diabetic studies rat a model, in which diabetes
is induced by streptozotocin, after dietary supple-
mentation for 45 days with E. alsinoides, the ani-
mals showed decreased glycoprotein content that
was comparable to that seen for the antidiabetic
agent glibenclamide (1.25 mg/kg). The hypogly-
cemic state with increased levels of plasma insulin
observed in E. alsinoides-treated diabetic rats may
be responsible for the decrease in glycoprotein le-
vels in liver, kidney, and pancreas.23

E. alsinoides extracts from roots, stems, and flow-
ers also have antimicrobial activity against S. aureus,
Bacillus cereus, Escherichia coli, and P. aeruginosa
with ZOIs ranging from 10 to 17 mm. Root extracts
had the highest activity against S. aureus and B. ce-
reus, with ZOIs of 17 and 14 mm, respectively.24 Gold
nanoparticles produced using E. alsinoides also
showed antimicrobial activity against S. typhimur-
ium, Micrococcus luteus, and the fungus Trichophy-
ton rubrum in the disk diffusion assay.25

Evolvulus nummularius
Evolvulus nummularius (Fig. 4) has tradition-

ally been used to treat burns, cuts, wounds, and
scorpion stings. Studies showed that E. nummu-
larius has anthelmintic and wound healing prop-
erties, but poor sedative and anticonvulsant
properties. Phytochemical screening of methanolic
extracts of air-dried areal portions of E. nummu-
larius plants indicated the presence of b-sitosterol,
stigmasterol, ursolic acid, oleanolic acid, nummu-
laric acid, and palmitic acid.26

The wound healing activity of an aqueous-
alcoholic extract of E. nummularius leaf juice (10%
w/w in simple ointment Indian Pharmacopeia) and
juice from fresh leaves was compared with that for
control and 0.2% nitrofurazone as a standard in
rats. The standard and the extracts were applied

Figure 3. Evolvulus alsinoides.

Figure 4. Evolvulus nummularius.
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topically to the wound area. Measurement of the
wound area on days 1, 4, 8, 12, and 15 after treat-
ment showed that animals treated with leaf juice
had 94.4% wound healing, whereas animals that
received the hydroalcoholic extract had 87.12%
wound healing.27

The disk diffusion assay to test the antimicrobial
activityshowedthatE.nummulariushadaminimum
bactericidal concentrationagainstE.coliandBacillus
subtilisof25and50 mg/mL,respectively.The tannins
and flavonoids present in this plant are likely re-
sponsible for the observed anti-inflammatory, anti-
oxidant, and wound healing properties (Fig. 5).28

Merremia tridentata
Oil derived from whole Merremia tridentata

(Fig. 6) plants or the leaves alone mixed with co-
conut oil is used to treat various skin disorders,
including dandruff. The areal parts of the plant
contain several flavonoids, including diosmetin,
diosmetin-7-o-diosmetin-7-o-b-d-glucoside, and
luteolin-7-o-b-d-glucoside.29 In Ayurvedic medi-
cine, M. tridentata is used to treat hemorrhoids,
general body pain, toothache, urinary infections,

and joint stiffness. Preliminary phytochemical
screening carried out on petroleum ether, chloro-
form, acetone, and methanolic M. tridentata ex-
tracts showed that the chloroform extracts contain
steroids and carbohydrates, whereas both the ace-
tone and methanolic extracts contain carbohy-
drates, alkaloids, phenols, tannins, and flavonoids.
The methanolic extract, such as the chloroform
extract, also contains steroids.29,30

The promotion of incision, excision, and dead
space wound healing by M. tridentata in albino mice
was tested. For the sutured incision model, a 6 cm
long wound of 1.5 cm thickness was made, and for the
excision wound model, a wound area of 500 mm2 was
made. The dead space model involved implantation
of sterilized cylindrical glass piths between the axilla
and groin, and the formation of granulation tissues
was used to evaluate the tensile strength. Mice were
treated with petroleum ether, solvent ether, butanol,
butanone, or ethyl acetate M. tridentata fractions in
suspension using Tween-80 and were compared
with control animals. The ethyl acetate fraction
produced high tensile strength that is essential
for effective wound healing activity. Again, fla-
vonoids present in the plant may promote this
wound healing activity.31,32

The antidiabetic action of aqueous M. tridentata
root extracts was tested in streptozotocin-induced
diabetes in rats. Using 10 mg/kg glibenclamide as a
standard, 50 mg/kg extract had the highest anti-
diabetic activity among the three concentrations
tested (50, 100, and 150 mg/kg) when freshly pre-
pared extracts were given orally. Body weight and
blood glucose levels were determined after an
overnight fast, and the animals were sacrificed af-
ter 21 days, at which point, biochemical analyses
were conducted on the liver, pancreas, and skeletal
muscle tissues. Extract-treated animals showed
increased body weight and insulin level, with a
concurrent decrease and increase in triglyceride
and glycogen level, respectively (Fig. 7).33

Figure 5. Antimicrobial activity.15,24,28,44

Figure 6. Merremia tridentate.
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Ipomoea batatas (sweet potato)

Ipomoea batatas (Fig. 8) is considered to be a
nutraceutical due to its nutritional and medicinal
activities. Leaves of these plants have laxative,
fungicidal, bactericidal, and astringent properties.
The use of I. batatas to treat dengue patients in-
creases platelet counts. I. batatas reportedly pro-
tects cigarette smokers from emphysema and can
relieve muscle spasms arising from high potassium
levels. I. batatas tubers also have antidiabetic ac-
tivity. The tubers are rich in minerals (zinc, potas-
sium, sodium, manganese, calcium, magnesium,
and iron), carbohydrates, dietary fiber, iron, vita-
mins (beta carotenes [provitamin-A], vitamin C, and
vitamin E), anthocyanins (peonidins and cyani-
dins), caffeoylquinic acid derivatives, coumarins
(aesculetin, scopoletin, and umbelliferone), tri-
terpenoids, and furanoterpenoids, which have all
been shown to have beneficial health effects.34,35

Studies of wound healing activity of I. batatas
extracts in Wistar albino rats with excision and
incision wounds were also conducted. For treat-
ment of excision wounds, methanolic extracts of I.
batatas tuber peel were applied on bandages and as
gels prepared from Carbopol 974P NF and glycerol
containing 3%, 6%, and 10% (w/w) peel extract and
were compared with betadine as a reference stan-
dard. Wounds having 500 mm2 area and 2 mm
depth were made on shaved skin surfaces, and
wound closure was followed by tracing the wound
area on every fourth day for 16 days. On day 10, the
scab was removed and used for hydroxyproline
estimation. Malondialdehyde and ascorbic acid
levels were determined in plasma. Animals treated
with I. batatas extract had higher and lower hy-
droxyproline and ascorbic acid levels, respectively,
relative to untreated controls, indicative of an anti-
lipid peroxidative effect that is predicted to pro-

Figure 7. Antidiabetic activity.23,33,38

Figure 9. Argyreia cuneata.Figure 8. Ipomoea batatas.
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mote wound healing. In an incision wound model,
animals carrying 6 · 2 cm wounds and treated with
betadine standard, 3% and 6% peel extract gel or
bandages carrying peel extract were compared
with wound healing in untreated control animals.
To measure the tensile strength, the parted skin of
animals bearing incision wounds was sutured us-
ing surgical thread, which was removed on day 8.
At that time, the animals were sacrificed and the
wound tensile strength was determined using a
tensiometer. This study confirmed that the tensile
strength is indeed an indicator of wound healing
promotion. I. batatas was also shown to have po-
tent antioxidant activity as would be expected
based on the high content of beta-carotene, antho-
cyanins, caffeoyldaucic acid, and caffeoylquinic
acid derivatives that all have documented wound
healing activity.36 For cutaneous wounds, treat-
ment with ointment containing 2.5% I. batatas

extract for 4 and 10 days showed reepithelializa-
tion of 43% and 75% relative to untreated controls.
A study of in vivo antiulcer properties of I. batatas
revealed that an aqueous suspension containing 75
and 100 mg/kg tuber flour prevented edema for-
mation by 75% and 100%, respectively, compared
with untreated controls.37

The effect of I. batatas leaf flavonoids on anti-
diabetic activity showed an effect for male mice
with alloxan-induced diabetes and treated with I.
batatas leaf extract. The animals were treated
with 50, 100, or 150 mg/kg leaf extract for 28 days
and compared with animals given glibenclamide
(0.25 mg/kg) and untreated animals. Blood glu-
cose level and body weight were also monitored.
Mice treated with the extract for 28 days showed
lower fasting blood glucose, total cholesterol, and
triglyceride levels, and increased body weight and
levels of serum high-density lipoprotein choles-
terol, indicating the antidiabetic activity of these
extracts.38

Argyreia cuneata
Argyreia cuneata (Fig. 9) is traditionally used to

treat diabetes, burns, and fever and contains al-
kaloids, phytosterols, and sitosterol. In healing of
excision wounds in Wistar rats treated with either
10% (w/w) hydroalcoholic A. cuneata extract or
0.2% (w/w) nitrofurantoin and leaf juice extract
of A. cuneata found that on day 14, the leaf juice
extract induced 96.07% wound healing, while
nitrofurantoin (0.2% w/w) and hydroalcoholic ex-
tract of A. cuneata (10% w/w) showed 95.19% and
91.29%, respectively.

Argyreia speciosa
Argyreia speciosa, which is also known as Ar-

gyreia nervosa (Fig. 10), is traditionally used for
the treatment of gonorrhea and chronic ulcers. A.

Table 1. The main constituents responsible for the activities

Sl. No Plant name Biological activities Active constituents Refs.

1 Ipomoea carnea Wound healing activity Tannins 4

Antimicrobial activity Polyphenols, alkaloids 15

2 Evolvulus alsinoides Wound healing activity — 21,22

Antimicrobial activity — 24

Antidiabetic activity — 23

3 Evolvulus nummularius Wound healing activity Flavonoids, tannins 27

Antimicrobial activity 28

4 Merremia tridentata Wound healing activity Flavonoid 31,32

Antidiabetic activity — 33

5 Ipomoea batatas Wound healing activity Beta-carotene, anthocyanins, caffeoyldaucic acid, and caffeoylquinic
acid derivatives

36

Antidiabetic activity — 38

6 Argyreia cuneata Wound healing activity — 39

7 Argyreia speciosa Wound healing activity — 43

Antimicrobial activity Flavonoid sulfates 44

Figure 10. Argyreia speciosa.
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speciosa seeds have hypotensive, spasmolytic, and
anti-inflammatory actions. The roots are used as an
appetite stimulant, digestive, carminative, cardio-
tonic, expectorant, brain tonic, aphrodisiac, and
emollient. Anemia, obesity, diabetes, tuberculosis,
ulcer, and wounds have also been treated using A.
speciosa roots.40 A. speciosa leaves contain beta-
sitosterol, epifriedelinol and its acetate, quercetin,
and kaemperol and its glycoside kaemperol-3-o-
lrhamnopyranoside. Hexane extracts of A. speciosa
roots contain tetradecanylpalminate, sigmasteryl p-
hydroxy cinnamate, hexadecanyl p-hydroxy cinna-
mate, and scopoletin. The coumarin glycoside l es-
ter coumarin, 6-methoxy-7-o-alpha-D-glu, was also
isolated from root. Fatty oils present in A. speciosa
seeds contain glycosides of palmitic, oleic, stearic,
behenic, stearic, and linolenic acids. Gas layer
chromatography of seed oil confirmed the presence
of myristoleic, myristic, palmitic, linoleic, linolenic,
oleic, stearic, nonadecanoic, eicosenoic, heneicosa-
noic, and behenic acids. Ethanolic extracts of A.
speciosa seeds contain three alkaloids characterized
as ergometrine, caffeic acid, and ethyl caffeate. Er-
goline alkaloids such as ergometrine, ergome-
trinine, lysergic acid-a-hydroxy ethyl amide
agroclavine, chanoclavine-I, chanoclavine-II, festu-
clavine, lysergene, lysergol, isolysergol, setoclavine,
iso-setoclavine, ergine, and isoergine are also pres-
ent in A. speciosa seed extracts. The amino acid
fraction of seed extracts includes glutamic acid,
glycine, isoleucine, leucine, lysine, phenylala-
nine, tyrosine, praline, and a-aminobutyric acid.
A. speciosa seeds also contain crude proteins,
such as albumin, globulin, and glutelin. As such,
A. speciosa seeds have good nutritive value, al-
though the presence of lysergic acid may be re-
sponsible for the known hallucinogenic effects of
these seeds.40–42

Ethanolic extracts of A. speciosa leaves were
tested for the wound healing activity in healthy and
alloxan-induced diabetes in Wistar rats. Excision
wounds (300 mm2 and 2 mm deep) were made, and
the animals are divided into four groups that were
left untreated (control) or treated with mupirocin
ointment (2% w/w) as a standard, ointment con-
taining 15% (w/w) A. speciosa extract, or 200 mg/kg
extract given orally. Healthy animals treated with
topical ointment had good wound healing compared
with rats given the extract orally. By day 16 of
treatment, the wound closure was 92.96% and
94.4% for extract ointment and mupirocin, respec-
tively. For diabetic rats, ethanol extracts promoted
76.20% and 74.36% for ointment and oral treat-
ment, respectively, which was higher than that for
the control group. Together, these results show that

A. speciosa extracts promote wound healing and
that topical treatments had slightly better outcomes
than did oral adminstration.43

Antimicrobial activity of A. speciosa was tested
using the broth microdilution method with cipro-
floxacin and norfloxacin used as standards. The
ethyl acetate fraction and flavonoid sulfates
(quercetin 3’7 di-O methyl 3-sulfate and kaemp-
ferol 7-O methyl 3-sulfate) extracted from A. spe-
ciosa roots inhibited Mycobacterium tuberculosis
growth with a minimum inhibitory concentration
of 50 and 25 lg/mL (Table 1).44

CONCLUSION

The above-mentioned plants have various thera-
peutic uses and wound healing activities as demon-
strated by multiple studies (Table 1). Given the
wound healing properties of these phytocompounds,
as well as their antimicrobial activity and antidia-
betic activity, formulations containing these agents
could be developed and used to treat wounds in both
diabetic and nondiabetic patients (Figs. 2, 5, and 7).
Bacteria infiltrating some diabetic wounds often
develop drug resistance that can negatively impact
wound healing. Phytocompounds can be used in
combination with antibiotic therapy to reduce the
incidence of resistance. However, detailed phyto-

TAKE-HOME MESSAGES

� Diabetic and drug resistance are major problems for
wound healing.

� Phytotherapy is an alternative approach to promote
wound healing in diabetics.

� Phytochemicals are gaining importance and can be taken
as dietary supplements or in polyherbal formulations.

� Novel phytochemical formulations such as liposomes,
nanoparticles, and adhesive patches can be used for ef-
fective delivery of phytotherapy.

BASIC SCIENCE

� Phytochemicals are present in plants and exhibit a range
of pharmacological actions.

� Phytochemicals can be developed for use as alternate
medical treatments that have fewer side effects and
lower likelihood of drug resistance.

CLINICAL SCIENCE

� Combinations of phytochemicals with other antimicrobials
can increase the effectiveness of wound healing therapy.

� Phytochemicals can be part of cost-effective therapies to
treat a range of conditions.
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chemical studies are needed to determine the
mechanism bywhich theseagentsexert theireffects.
M. tridentata, A. speciosa, and I. batatas have each
demonstrated antidiabetic and wound healing
properties. Future studies are needed to gain insight
into the action of these plant-derived agents to pro-
mote healing of diabetic wounds and strategies for
the development of novel formulations containing
plant extracts and phytochemicals that will reduce
the likelihood of drug resistance and drug allergies
that affect wound healing.
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