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ABSTRACT

The aim of the current study was to evaluate theindohealing effect of hydroalcoholic leaf extradt o
Stachytarpheta jamaicensis (HLS) on Streptozotouoced diabetic rats. The wound healing activitasw
evaluated by two methods: Excision and Dead spacdels. Diabetes was induced in rats by a single i.p
Streptozotocin (70 mg/kg). In Excision model, woohdircular area approx. 500 nfmvas created on the back of
each animal. Wound healing parameters like peramtavound contraction, period of epithelializatiorere
observed by administering standard Mupirocin ointm@% w/w) and HLS (2% and 5% w/w) topically. ledd
space wound model, polypropylene tubes were imgdiastibcutaneously and HLS extract was administierégo
doses (200mg/kg and 400mg/kg). Granulation tissas excised from implants and parameters like Tensil
strength, Hydroxyproline, Hexosamine, DNA and Tegtaltein content were measured. Animals treateth WitS
had shown a significant increase in percentage wlotlosure, tensile strength, hydroxyproline, Hexosee, DNA
and Total protein content with a concomitant siigaifit decrease in period of epithelialization anddal glucose
levels when compared to untreated animals in a dieggendent manner. The HLS afforded significantndou
healing potential in diabetic rats which may be digethe presence of phytochemical constituents agh
flavanoids, triterpenes, sterols.

Key Words: Wound healingStachytarpheta jamaicensBtreptozotocin, Excision, Dead space wound model.

INTRODUCTION

Wound may be defined as a loss or breaking of leeland anatomic or functional continuity of livitigsue and is
a natural process. Wound healing process proceeddree overlapping phases viz. inflammation catlul
proliferation and remodeling [1]. Phase 1 is a ctatipn and inflammatory phase (0-3 days) and ithslves
neutrophil migration towards fibrin clot. Phases2aiproliferative phase (3—12 days) in which trengtation tissue
and collagen fibrils dominate the space. Phasea3d@nodeling phase (3—6 months), involving syrithefscollagen
fibers, leading to increase in tensile strengtlthef skin[2]. Healing is not complete until the disted surfaces are
firmly knit by collagen[3].

Wound, though appearing minor are a major parnpfries occurring to the body. It can happen inrgday life
and untreated uncared wounds can lead to dangeomsgquences like microbial infection etc. Treatiaynds at
the earliest and carefully is important especiafiycases of patients with diabetes with condititke pressure
ulcers which if left untreated requires amputatidthe affected extremities[4].
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Diabetes mellitus is a condition known to be assed with abnormalities like reduced biosynthegisl/ar
accelerated degradation of synthesized which dartiito the impaired wound healing observed in etied [5].
Stachytapheta jamaicensi&hl, family Verbenaceae (synonyBtachytapheta indic&€.B. Clarke) is an invasive
plant species found in many continents. Known bynynaames such Brazilian tea, bastard vervain, Blue
Porterweed, it is a native to Mexico, USA, and nataed in Tropical Africas, China, Indian Subcomtint, and the
Pacific[6]. It was reported to have various aciggtas a febrifuge, anti-inflammatory, ulcers ahdumatic fever
and also against diarrhoea and dysentery [7]. Eamds ofStachytarpheta jamaicensksave been traditionally
claimed to possess wound healing activity[8] bt haver been researched upon, therefore the preseiyt was
designed to evaluate the wound healing effect @fehf extract on Streptozotocin-induced Diabedts.r

MATERIALSAND METHODS

Plant material

The leaves oStachytarpheta jamaicensised in the present study were collected fronsthreoundings of Chittor
district (Andhra Pradesh) and authenticated by Dayaraman Ph.D., Plant Anatomy Research Centr& (BPA
Tambaram. Voucher specimen (PARC/2010/637) was stgaito Department of Pharmacology, SRM College of
Pharmacy, Tamil Nadu, India.

Preparation of Extraction

The collected leaves were dried under shade angalgaground. 2509 of the coarse powder was deffadtie dried
and refluxed with ethanol (70% v/v) using Soxhbetractor at 50°C for 72 h. Filtration using Whatnfédter paper
(no.1) and concentration under vacuum at 40°C usirggavap was performed. The extract thus obtaveegstored
for further phytochemical and pharmacological eatitn. Portion of the extract was formulated wiimge

ointment base B.P. for the purpose of Excision rhode

Animals

The experimental protocol was approved by the tutstinal Animal Ethical Committee (IAEC) of the SRM
University, Kattankulathur, Tamil Nadu, India (Amyal No.662/02/C/CPCSEA) under CPCSEA guidelin€ke
animals selected were Albino Wistar rats of eitsex weighing between 150-200g. They were housed and
maintained in clean polypropylene cages and feth witmmercially pelleted rat chow (M/s Hindustan &etd.
Mumbai) and watead libitum.

Induction of Diabetes
Diabetes was induced in rats by a single i.p. iilgacof Streptozotocin (70 mg/kg) in 0.1 M citrdieffer, pH 4.0.
Animals with fasting blood glucose levels greatert 160 mg/dl seven days after induction were {&ed

Excision Model

Animals were divided into 4 groups of 5 animalsteas follows:

Group | (control) untreated

Group Il (standard) treated with Mupirocin ointmé2¥% W/W), topically for 21 days
Group Il (test animals) treated with HLS extra2¥%(W/W), topically for 21 days
Group IV (test animals) treated with HLS extrackoi®/W), topically for 21 days

Post anaesthetization of the animals with 10mg#tamkine, the dorsal fur area of each animal waseshaith
electric clippers and a circular wound of 500mmas created by surgical blade according to Moraonl
Malone[10] [Fig 1]. Afterwards, wound was cleanetl haemostasized with normal saline [11] and Ipfroto
allow the regeneration of tissue[12,13]. Wound aneasurement was recorded with suitable graph paper
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Fig 1: Excision wound on day O

Dead Space Wound (DSW) Model

Animals were divided into 3 groups of 5 animalsteas follows:

Group | (control) untreated

Group Il (test animals) treated with HLS extrad@ang/kg),p.o.for 10 days

Group Il (test animals) treated with HLS extra&t400 mg/kg),p.ofor 10 days

Animals were anaesthetized and propylene tubes sidyeutaneously implanted. Granulation tissue vissedted
and tested according to method by Agarwal PK[14].

Per centage wound closure

The areas of wounds were measured on days 4, 861ppst-wounding days and the mean percentage dvoun
closure was calculated. The period of epithelizati@s calculated as the number of days requirethfiing of the
dead tissue remnants without any residual raw wound

% wound closure= wound area on Yawound area on ddy
wound area on ddy x 100

wheren =number of days[3].

Tensilestrength

In dead space model, the excisions of granulomas fubcutaneous implants were performed on tfepb8t
wounding day. The breaking strength of the piecasugng about 15mm length and 8 mm in width wasrd&hed
by a continuous constant water flow technique [15].

Blood Glucose L evel
In DSW model, the fasting blood glucose levelsanrfhour-fasted rats were measured directly fromcGineter
(ONE TOUCH™) with the help of strips. The glucose levels releat for days 0, 5, 10.

Biochemical Estimations

To estimate collagen and hexosamine, the granuoléisue samples were defatted in chloroform : armath(2:1)
and dried, neutralized with sodium hydroxide befese. Collagen was estimated by the method of Wieeg$46],
whereas hexosamine was estimated by the methodafiforgan [17].

Protein and DNA of wet granulation tissues wereaoted in 5% trichloroacetic acid (TCA) as per Sstar [18].
10 ml of 5% TCA was added to the tissue (100 mgwedght) kept at 90°C for 30 min in a water batlektract
protein and DNA. The solution was then centrifuged the supernatant was used to estimate DNA byé#ikod
of Burton [19] and protein by the method of Lovetyal [20]
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Statistical analysis

The mean value + SEM was calculated for each pasamiResults were statistically analyzed by one a@aglysis
of variance (ANOVA) followed by Dunnet'stest using software Graph pad prismB< 0.05 will be considered
as significant.

RESULTS

Phytochemical Screening
The hydroalcoholic leaf extract &tachytarphetgamaicensisshowed a positive result for Flavonoids, Glycosjde
Saponins, Proteins, Steroids, and Terpenes.

Per centage wound contraction

The open area of the incised wound had decreagaiicantly when observed on day 8 [Fig 2] and ewsore on
day 16 [Fig 3]. Animals of Group Ill and IV showeéttreased percentage of wound contraction when aosdpto
control group in a dose dependent manner. (Table 1)

-

Figure 2: Excision wound on day 8

Figure 3: Excision wound on day 16
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Table 1: Percentage Wound Contraction (Original wound size = 500 mm?)

% Wound contraction Epithelialization

Day 4 Day 8 Day 12 Day 16 Period (days)
Group | 24.36+0.54 | 53.17+0.8% | 71.99+0.36 | 91.71+0.28 21.83+0.30
Group Il | 60.97+0.35 | 75.93+0.84 | 88.07+0.38" | 99.73x0.14" 16.170.30°
Group Ill | 31.54+ 0.6 | 60.67+0.2" | 78.27+0.2" | 93.19+0.2" 190.3¢€
Group IV | 41.5440.46 | 72.18+3.59 | 81.72+0.47" | 96.75+0.35 17.67+0.33
Values are expressed in meant SEM (n=6).Value coispas were made between Negative control Vs stdndeoup 1l and group IV 3P<

0.0001P< 0.0001°P<0.0001,%P<0.0001,%P<0.0001 ). Symbols represent *P<0.0.5, **P<0.01*P<0.001, ****P<0.0001. ns-not
significant.

Treatment

Tensile Strength
Extract-treated groups (Group Il and Group Ill) wled a significant increase in tensile strength @hglation
tissue of dead space wounds in a dose dependenemahen compared to control group. (Table 2)

Table 2: Tensilestrength of Granulation Tissue of Stachytarpheta jamaicensistreated and untreated wounds on diabetic rats

Treatment Tensile strength (g)

Group | 37.87+2.62

Group Il (200 mg/keof HLS) 70.85+2.97

Group IIl (400mg/keof HLS) 94.22+3.2("

Values (g) are expressed am mean+ SEM (n=6). lgeup comparisons were made between Negative ddrdreeference, group Il and group
111 using one way ANOVA followed by Dunnett td2£0.0001. Symbols represent *P<0.0.5, **P<0.01, #%0.001, ****P<0.0001

Weight of Granulation Tissue
A significant increase in both wet granulation weignd dry granulation weight was shown by extteeated
groups in a dose dependent manner when compageshtw| animals. (Table 3)

Table 3: Wet and Dry Granulation Tissue Weight

Treatment Wet granulation weiglit  Dry granulatiorighe
Negative control 79.54+2.86 23.82+1.43
Group Il (200 mg/kg of HLS) 98.62+2.36 32.41+1.57
Group I11(400 mg/kg of HLS) 121.9+4.78 38.56+1.6T

Values (g) are expressed am mean+ SEM (n=6). lgteap comparisons were made between Negative dorgrgroup Il and group Il using
one way ANOVA followed by Dunnett t8B&0.0001,°P<0.0001 Symbols represent *P<0.0.5, **P<0.01, P%0.001, ***P<0.0001

Biochemical Parameters

Blood Glucose Levels

The blood glucose levels in extract-treated groupee significantly decreased in a dose dependentara(Table
4)

Table 4: Blood Glucose Levels

Blood glucose levels
Day 0 Day 5 Day 10
Negative control 216.1+42 | 218.1+4.5 | 221.5+3.83
Group Il (200 mg/kg of HLS)| 211.5+1.72] 195.3+1.4% | 144.6x1.17
Group 111(400 mg/kg of HLS)| 221.1+3.83| 144.6+1.43° | 108.5+1.76
Values (g) are expressed am mean+ SEM (n=6). lgeup comparisons were made between Negative ddrdreeference, group Il and group
Il using one way ANOVA followed by Dunnet t&2&0.01,°P<0.05,°°<0.01 Symbols represent *P<0.05, **P<0.01, **P<@01,

*++P<(0.0001 ,

Treatment

Table 5: Hydroxyproline Content

Treatment Hydroxyproline content
Negative control 97+3.45

Group Il (200 mg/kg of HLS) 109.5+2.11
Group Ill (400mg/kg of HLS) 117.5+2.41

Values (g) are expressed am meant SEM (n=6). lgweup comparisons were made between Negative dordreeference, group Il and group
Il using one way ANOVA followed by Dunnett t&st0.0003. Symbols represent *P<0.0.5, **P<0.01, £%0.001, ****P<0.0001
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Hydroxyproline (Collagen) Content
Extract-treated groups showed a significant dogedeéent increase in hydroxyproline content whenpamed to
control animals. (Table 5)

Hexosamine Content
Significant increase in hexosamine content was shioyvextract-treated groups in a dose dependenhenamhen
compared to control animals. (Table 6)

Table 6: Hexosamine Content

=3

Treatment Hexosamine conten
Negative control 21.83+1.10
Group Il (200 mg/kg of HLS) 30.08+0.75
Group Ill (400mg/kg of HLS) 38.33+0.99
Values (g) are expressed am mean+ SEM (n=6). lgteap comparisons were made between Negative dorgrgroup Il and group Il using

one way ANOVA followed by Dunnett test. P<0.00@ini®Is represent *P<0.0.5, **P<0.01, ***P<0.001, **P<0.0001

DNA content
Extract-treated groups showed significant increageNA content in a dose dependent manner when aosapto
control animals. (Table 7)

Table 7: DNA Content

Treatment DNA content

Negative control 7.3+0.34

Group Il (200 mg/kg of HLS | 9.41+0.3

Group Ill (400mg/kg of HLS)| 12.73+0.33

Values (g) are expressed am meant SEM (n=6). lgwteup comparisons were made between Negative ddrgrgroup Il and group Il using
one way ANOVA followed by Dunnett test. P<0.0@3¥Inbols represent *P<0.0.5, **P<0.01, ***P<0.001¥*P<0.0001

Total Protein Content
Extract-treated groups showed significant increiasdotal protein content in a dose dependent manvien
compared to control animals. (Table 8)

Table 8: Total protein Content

Treatment Total protein content
Negative control 106.8+3.32
Group Il (200 mg/kg of HLS 119+2.67

Group IIl (400mg/kg of HLS) 128+1.69

Values (g) are expressed am mean+ SEM (n=6). lgwenp comparisons were made between Negative ddrdrgroup Il and group Il using
one way ANOVA followed by Dunnett test. P<0.00@&l®ls represent *P<0.0.5, **P<0.01, ***P<0.001, *P<0.0001

DISCUSSION

Diabetes mellitus is known to be associated wittargety of alterations in connective tissue metedno] as a result
of which diabetics face the problem of poor woumdling. Loss of collagen observed in diabetes meagie to
decreased levels of synthesis or enhanced catabofisewly synthesized collagen, or both [21]. $tachytarpheta
jamaicensiswas reported to cause hypoglycemic effects [22)ds felt that it would be interesting to study it
influence on the healing of wounds in diabetic dbads. Results obtained in the present study sstggethat
treatment of diabetic rats with hydroalcoholic extrof leaves oStachytarpheta jamaicensisay have a beneficial
influence on wound healing [22].

Collagen is the predominant extracellular proteinthe granulation tissue of a healing wound andetl® a rapid
increase in the synthesis of this protein in theimebarea soon after an injury. In addition to pdowy strength and
integrity to a tissue matrix, collagen also playsimportant role in homeostasis. Subsequent efattzgtion also
requires collagen. In the present study, we examhittee influence of hydroalcoholic extract of leavek
Stachytarpheta jamaicensis the collagen content in granulation tissueealment of wounds witBtachytarpheta
jamaicensisincreased the maximum levels of collagen in thanglation tissue, as compared to the untreated
diabetic control as supported by a previous reseamoort [14].
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Glycosaminoglycans and proteoglycans are syntheédigefibroblasts in the wound area. These substafaren a
highly hydrated gel-like ground substance, a ptiowial matrix on which collagen fibers are embeddegatment
with hydroalcoholic extract of leaves Bfachytarpheta jamaicendiscreased the content of ground substance in the
granulation tissues. As collagen accumulated, r@raose levels were increased [23]. It may be seen the
increase in hexosamine content was associatecavatimcomitant increase in collagen content.

The protein and DNA content of granulation tissinelicate the levels of protein synthesis and catlpkoliferation.

It has also been reported that inhibition of prisinfmatory markers and stimulation of IL-8 and vasa@rowth
factors may lead to increased rate of wound cotitra¢l4]. SinceStachytarpheta jamaicendiss been reported to
have anti-inflammatory effect [24] and also higipeotein and DNA contents (compared to the untreatedrols)
have been observed, it is possible tBtchytarpheta jamaicensisight contribute to wound healing through the
mechanism of cellular proliferation.

The collagen molecules synthesized were laid dotwthe wound site and become cross linked to fotmer§.
Wound strength was acquired from both, remodelihgallagen, and the formation of stable intra- antér-
molecular cross links [25]. Since granulation tes$wm dead space wounds treated with the hydrbal@oextract
of leaves ofStachytarpheta jamaicensshiowed greater tensile strength, it may be infetinat it not only increases
collagen synthesis per cell, but also aids in ctiogsng of the proteinStachytarpheta jamaicendigeated wounds
also showed an increase in rate of wound contmastitich led to quicker healing as confirmed by dased period
of epithelialization when compared to untreatedticdmounds.

Flavonoids have been recognized as agents thateased to antagonize lipid peroxidation that dguaicurs in
case of wound injury. Similar to antioxidants likeamin C and vitamin E [26fany drug that antagonizes lipid
peroxidation helps in increased circulation therefiacreased collagen viability, thus increasingfdynthesis and
reducing cell damage [27]. Phytochemical screermih@tachytarpheta jamaicensishich showed presence of
flavanoids and also previous research on its aotobial activity [28, 29]Jalso attributed téts wound healing
capability.

CONCLUSION

The results suggested that hydroalcoholic extrddeaves ofStachytarpheta jamaicenstseatment may have a
beneficial influence on the various phases of wohgdling like fibroplasia, collagen synthesis atmhtcaction
resulting in faster healing. It was quite possilieat the enhanced healing of wounds in diabetis tat
hydroalcoholic extract of leaves Bfachytarpheta jamaicensigas a result of its phytochemical constituenthag
flavonoids, triterpenes and isosterols, which arewkn to produce wound healing and hypoglycemicvagtand
also antiinflammatory activity ddtachytarpheta jamaicensis
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