
Introduction

Wound healing is a multifaceted development consists of

various stages namely wound, wound closure and re-

establishment of a functional barrier (Chattopadhyay et al.,

2000). The sequential phases of healing process are

inflammation, proliferation and migration of connective tissue

cells, making of extracellular matrix as well as collagen

synthesis, epithelial cells migration and proliferation most

important to new vessels formation of wounded tissue (Kristine

et al., 2010; Kelly et al., 2014).

Plantago lanceolata is a plant from the family

Plantaginaceae. a perennial plant species with a worldwide plant

with a round scape, arising from a fibrous root with 1 to 3 feet in

height. In folk medicine and a emergent number of scientific

research are focused on the worth of natural compounds that

can, the are used for remarkable variety of curativeP. lanceolata

properties as anti-inflammatory, antioxidant, antibacterial, anti-

fungal, wound healing activity, antiviral, antitoxic,

immunostimulant, astringent, antispasmolytic, pro-

coagulant, antihyperlipidemic, and antiulcerogenic activity,

antianthelmintic, diuretic, and antiasthmatic remedy

without toxicity, (Ianovicie et al., 2010,; Samuelsen, 2000;

Fleer et al., 2007). Also used to treat bronchial catarrh and

inflammation of the mucous membrane of the pharynx,

antitumoural activities and antipollen (Jung et al., 1995;

Garcia-Ortiz et al., 1996). The leave of plant help to quickly

staunches blood flow and encourages the repair of damaged

tissue for the topical use against skin inflammations

(Blumenthal et al., 2000) and sedative action (Tammaro et

al., 1986).

P. lanceolata leaves are novel sources of flavonoids,

(luteolin-7-O-glucoside, apigenin-7-O-glucoside, luteolin,

apigenin, rutin, and quercetin) and flavone glucosides

(aspigenin, scutallarin, plantagonin, baicalein, luteolin,

luteolin-7-glucoside, hispidulin-7-glucuronide (Beara et al.,

2009) which is helpful for regeneration of wounded tissues.

P. lanceolata also have a number of phytochemical like

caffeic acid acid, chlorogenic acid ferulic acid, lipids and

glycosides like aucubin, catapol, gardoside, geniposidic

acid, mayoroside, melittoside as well as terpenoids and
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tannins and alkaloids i.e. indicain, plantagonin (Samuelsen.,

2000). The present study was aimed to formulation and

evaluation of ethanol extract of leaves for woundP. lanceolata

healing activity by different wound models (excision and dead

space) and also performed for antioxidant activity for different

parameters.

Materials and methods

Identification and collection of plant materials

Plantago lanceolata leaves were collected from the TFRI,

Jabalpur (India) in the month of October. The plant was

recognized by Department of Botany, Jawaharlal Nehru Krishi

Viswavidyalaya, Jabalpur, M.P. and a voucher specimen has

been deposited. The leaves were dried, powdered and sieved by

40-mesh size and stored in well-closed container for further

studies.

Extraction and preparation of formulation

Air-dried and powdered leaves (200 g) were defatted with

petroleum ether in soxhlet apparatus and extracted with ethanol

(95%) for 8 hrs. The extract was concentrated under reduced

pressure and weighed for determination of yield. The semisolid

extract (yellowish color) was obtained and formulated 5%w/w

ointment with simple ointment base B.P. (Anonymous, 1953).

Animals

Inbred house wistar rats (200–250 g) of either sex were used in

the study. Animal were kept in the animal house at 26±2 ◦C at

relative humidity for 1 week before the experiment and were fed

commercial pellet diet (Hindustan Lever Pvt, Bangalore, India),

and water ad libitum. Animal study was performed in Guru

Ramdas Khalsa Institute of Science and Technology (Pharmacy)

Barela, Jabalpur (MP) with appropriate approval from

Institutional Animal Ethical Committee (Registration No.

1471/PO/a/11/CPCSEA, India).

In-vivo wound healing study

Animals grouping

Animals were divided into vehicle control, 5% w/w ethanol

extract ointment of leaves and 5% w/wPlantago lanceolata

reference ointment groups and each group consisting of six

animals.

Excision wound model

All animals were anaesthetized by the open mask method with

ether earlier than experimentation. The wound was created by

cutting away a 500 mm full thickness of skin from a
2

predetermined area. The wound was left naked to the open

environment. All test samples were applied topically twice daily

to the respective groups, till the wound was completely healed.

In this model, wound contraction and wound closure time was

observed. The percent contraction was measured in each 2 days

interval after wound creation. A specimen sample of tissue from

the each rat after 20 day was separated for biochemical
th

examination (Werner et al., 1994).

Dead space wound model

This model is used for the study of granuloma tissue.

Animals were anaesthetized by light ether and wound was

made by implantation of two polypropylene tubes

(2.0×0.5), one on either side, in the lumber region on the

dorsal surface in each animal. On the ninth post-wounding

day, granuloma tissue formed on an implanted tube was

dissected out. This model was used for the study of

granuloma tissue formation. Granuloma tissue from tube

was dried (60 °C) and stored in 10% formalin for the study

of biochemical parameters (Agarwal et al., 2009).

Wound contraction and epithelialization time

An excision wound margin was traced after wound creation

by using transparent paper. The percent wound contraction

was measured in each 2 days interval, until complete

healing and expressed in percentage of healed wound area.

The epithelialization time was measured from preliminary

day (Agarwal et al., 2009).

The percentage contraction was calculated using the

following formula:

Hydroxyproline estimation

The skin tissues were collected and dried in a hot air oven at

60-70 °C upto constant weight. The tissues were

hydrolysed in 6N HCl at 130 °C for 4 h in sealed tubes. The

hydrolysate was neutralized and subjected to Chloramine-T

oxidation for 20 min. The completion of reaction was

confirmed by addition of 0.4M perchloric acid and a color

was produced with the help of Ehrlich reagent at 60°C

(Woessner, 1961). The mixture was measured at 557 nm

using a spectrophotometer.

Protein estimation and granuloma weight

All tissue samples were collected and protein estimation

was done (Lowry, 1951). On day 9, granuloma mass

samples from dead space wound was taken for the

determination of dry granuloma weight.

Estimation of antioxidants level in skin tissues

The granuloma tissues were collected from full thickness

wound and analysed for antioxidants assay. Catalase was

estimated following the breakdown of hydrogen peroxide

(Aebi et al., 1983). Superoxide dismutase (SOD) assay was

based on the inhibition of epinephrine autoxidation by the

enzyme (Kakkar et al., 1984). Reduced glutathione (GSH)

level was determined by method of Moron (Moron et al.,

1989). Tissue homogenates were immediately precipitated
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with 0.1 ml of 25% TCA and separated by centrifugation. The

assay of free-SH groups in 3 ml of sample done by the addition of

2 ml of 0.6 mM DTNB and 0.9 ml 0.2 mM sodium phosphate

buffer (pH 8.0) to 0.1 ml of the supernatant and the absorbance

was read at 412 nm using a UV spectrophotometer.

Statistical analysis

Data are presented as the mean ± Standard deviation. Treated

groups were compared with the standard group. The results were

analyzed statistically using Student's -test for the comparison.t

The data were considered significant at < 0.01.P

Results and discussion

Phytochemical studies

The phytochemical study was performed in the ethanol extract of

Plantago lanceolata and found that leaves of plant are rich source

of flavonoids, flavones glucoside, lipids, glycosides and

alkaloids.

Wound healing activity

Excision wound

Wound area was measured in each 2 days interval by tracing on a

transparent paper and healed area calculated by subtracting from

the original wound area. On day 6, the wound contraction of

standard and extract ointment treated groups was found to be

significant ( < 0.01) in comparison control group. On day 18,P

standard ointment treated wound was completely healed while

extract ointment treated group was also almost at complete

healing stage. On day 18 (5% w/w) extract ointment treated

group were healed almost 100% and simple ointment base

treated group showed 82.55±1.40% healing (Table 1). It was also

observed that epithelialization period of treated and standard

group were less in comparison to simple ointment base treated

group shown in table 1. The inflammatory phase includes

changes in capillary permeability, transudation and cellular

migration leading to proliferation of fibroblasts, endothelial cells

in the second phase. The remodeling phase in which cells

production is balanced by cell death, collagen production

by degradation, absorption and capillary formation by

capillary obliteration (Agarwal et al., 2009; Shukla et al.,

1915). Angiogenesis plays an important role in wound

healing and newly formed blood vessels comprise 60% of

the repair tissue. Angiogenesis helps hypoxic wounds to

attain the normoxic conditions. The study showed enhanced

rate of wound contraction and reduction in healing time in

animals treated with ointment containing the ethanol

extract of . These findings arePlantago lanceolata

consistent with other reports of wound healing activity of

other species of raising the possibility that thePlantago

genus could be endowed with wound healingPlantago

potential.

Dead space wound

In case of dead space wound model, the hydroxylproline

level of 5% w/w ointment was foundP. lanceolata

significantly increased when compared to control group

(Tables 2). The protein content for 5% w/w P. lanceolata

(72.20±2.13) and reference ointment treated (72.98± 2.21)

group of animal were found approximately similar and

significantly higher when compare to control group

(43.95±1.98). The granuloma weight for 5% w/w P.

lanceolata (37.23±1.32) and reference ointment treated

(36.98±2.43) group of animal were found significant

(p<0.01) higher when compare to control group. Reduced

glutathione is a strong free radical scavenger. The depletion

of GSH results in enhanced lipid peroxidation. This can

cause increased GSH utilization and can be correlated to the

increase in the level of oxidized glutathione (Shirwaikar et

al., 2003). Treatment with extract ointmentP. lanceolata

resulted the increase in GSH levels, which protect the cell

23
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Groups Post wounding days (Percent wound contraction) Epithelia-lization

period
2 4 6 8 10 12 14 16 18 20

Control

(Base)

13.42±

1.22

26.52±

1.94

36.09±

2.75

39.06±

1.92

45.45±

2.10

53.43±

1.37

61.30±

1.69

70.39±

1.84

79.46±

2.08

82 .55±

1.40
23

5% P.

lanceolata

ointment

14.70±

1.81

27.18±

2.09

39.30±

1.52

49.32±

1.84

60.72±

1.76

70.32±

1.96

83.42±

1.67*

94.52±2.

12*

100.91±

2.03*

-

18

Reference

Ointment

15.07±

2.13

30.67±

1.94

45.43±

2.57

50.75±

1.64

66.53±

1.88

73.56±

2.51

86.34±

1.81*

94.61±

2.12*

100.52±

1.81*

-
18



membrane against oxidative damage by control the redox status

of protein in the membrane.

The results were indicating that ethanol extract of P.

lanceolata posses potent antioxidant activity by increase in the

SOD and catalase level (Table 2) in the granuloma tissues during

wound healing process. The SOD and CAT level in 5% and

reference ointment groups were found increased on 9 day. Plants
th

contain a number of free radical scavenging agents, such as

phenolic and flavonoids that have antioxidant property (Beers et

al., 1952). The higher plant polyphenol content, the stronger the

antioxidant activity. The naturally occurring flavonoids, in the P.

lanceolata leaves extract, have shown antioxidant activity in

different model systems. SOD and CAT are enzymes play a

significant role in providing antioxidant defenses to an organism

that destroy the peroxides. The functions of all enzymes are

interconnected. The lowering of enzymes activities results,

accumulation of lipid peroxides and increased oxidative stress in

wounded site. Treatment with extract wereP. lanceolata

increased the activity of these enzymes and thus may help to

overcome free radicals production during severe wounds.

Conclusion

In conclusion, the results showed that prepared ointment of

ethanolic extract of leaves of havePlantago lanceolata

effectively stimulate wound contraction, increase in

hydroxyproline and protein levels in wounded tissue and

significant antioxidant activity. These finding could justify the

leaves of is used to the management ofPlantago lanceolata

wound healing
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