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ABSTRACT

Diabetes is a chronic hyperglycemic disorder; leanlsieveloped several complications including detaywound
healing after any injury. These non healing wountlse upto organ or limb salvage. The available mader
medications are not capable to fully control ovbese complications. There are several evidences these
complications can easily treated by using herbdiotiflore medicines. The leaves of Cinnamomum tamséd by
traditional peoples in the treatment of diabetesl @ssociated wound healing. In our previous studyhad found
that the ethanolic extract of leaves of Cinnamontammala is most active in treatment of wound healingdiabetic
rats. The aim of our study was to find the acthaetion from ethanolic extract of C. tamala leavesponsible for
wound healing activity in diabetic rats. The wistalbino rats were made diabetic by single i.p. dtjen of
streptozotocin (60 mg/kg). The excision, incisiod dead space wound were created on back sidegofThe ethyl
acetate soluble fraction of ethanolic extract adiMes of Cinnamomum tamala was applied topicallginision
wound model while in incision and dead space waundel the Ethyl acetate soluble fraction (100 mpikas give
orally for 16 days. In the excision wound model Wound area and day of epithelization both wegaificantly
decreased Ethyl acetate soluble fraction treatets.rdn incision wound model the significantly higtiensile
strength was observed in rats treaded orally wittykacetate soluble fraction. There were significancrease in
weight of wet & dry granulation tissue with increalsamount of hydroxyproline, collagen and elastas wbserved
in treated rats by ethyl acetate soluble fractidine results suggested that the ethyl acetate solfrhttion of
ethanolic extract of leaves of Cinnamomum tamatalmbeneficial in treatment of wound healing iabditic rats.

Key words: Cinnamomum tamajaCollagen, Diabetes, Granulation, Hydroxyprolidensile strength, Wound
healing

INTRODUCTION

Modern world is facing a critical health problenathis diabetes. The number of patients with diabeted its
complications increasing day by day and reached 8p60 million in this year [1]. Diabetes is a groafpdisorders
characterized by hyperglycemia resulting due tooafalities in glucose metabolism[2]. Diabetes soatated with
glycation of essential proteins and hormones, dygésence of high blood sugar level. The advahaatjon leads
to formation of glycated proteins, which are abnalrfanctionless proteins and reduces the normaidagy of body.
This diabetes can generate many tissue abnorrsailiteduding connective tissue abnormality. In diéd patient
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decrease in collagen content of skin can genemaigaired and non healing abnormalities in wounéhjured area
[3]. Diabetic wounds are slow, non-healing wounat ttan persist for weeks despite adequate and e care.
Such wounds are difficult and tough to manage. Whend healing process is the sequence of repaimefe
connective tissue including migration, inflammatipnoliferation and differeneciation of cells [4As per WHO the
effective treatment of diabetes and its complicatioan be possible by using herbal or traditionadlicines [5]. In
our previous study we had found that the etharmtitact ofCinnamomum tamaleaves has beneficial effect in
healing of wounds in diabetic rats. The Ethyl atefraction ofCinnamomum tamala leaveshowed presence of
tannins and phenolic compounds which are havinam@ntioxidant activity. The oxidative stressd@sgonsible for
induction of diabetic complications. Hence in emsstudy ethyl acetate soluble fraction of ethianektract of
Cinnamomum tamalkeaves was used to investigate wound repair arehergtion activity in diabetic rats.

MATERIALS AND METHODS

Plant Material: The leaves @innamomum tamalavere purchased from herbal drug supplier of Mandg§isiuP.)
and authenticated in Department of PharmacognoBy B Nahata College of Pharmacy-SIRO, MandsauP(M
India.

Preparation of extract and fraction: Dried leavE€mnamomum tamaleere extarced with ethanol by successive
solvent extraction technique by using soxhlet agjparfor 72 hrs. The ethanolic extract was driedl suspended in
water and fractionized with ethylacetate and dtieder vaccume and stored in glass container ftnduuse.

Animals: Wistar albino rats of either sex weighedween 120-150 gm were used for the wound healitigity.

The animals were housed in central animal houdéyaxf B. R. Nahata College of Pharmacy-SIRO anmtcolled
standard housing conditions of CPCSEA for tempeearivater and feed. All expermental protocols vegneroved
by Institutional animal ethical committee (IAEC) oB. R. Nahata College of Pharmacy-SIRO, Mand¢iUP.)
India under proposal number.

Induction of Diabetes: Rats were made diabetic Bingle injection of Streptozotocin (60 mg/kg, ).prepared in
citrate buffer (0.1 M, pH 4.5) after overnight fasf. Blood was drawn from the tail vein 24 h after thigction
and the glucose level was estimated by glucoseasgignethod by using Accu-Chek Glucometer befor7htrs
after STZ injection. Animals showed blood glucoseel more than 250 mg/dl were selected for furtheganeous
wound healing activity in diabetic animals [6, 7].

Preparation of ointment of fractions: The ethyltate fraction of ethanolic extracts (10 % w/w) loé tdried leaves
of Cinnamomum tamalevell triturated inpistal mortar with stearic acid ointment base. ased further in excision
cutaneous wound healing model in diabetic rats.

Excision wound healing model in diabetic rats: Aaisnwere anaesthetized with slight vapour inhatatibdi-ethyl
ether and the back side of each rat was shavedsi@xovounds sized 300 nfrand 2 mmdepth were made by
cutting out piece of skin from the shaven area. @tigre wound was left open. Animals were closdigeryved for
any infection and those which showed any sign &dcition were separated, excluded from study anthceq.
Wound areas were measured on days 0, 4, 8 andr Hl fgroups, using a transparency sheet[8] andrenanent
marker. Recording of wound areas were measuredaphgaper and % wound closure was calculatedimyula
[9]. The day of scar falling, after wounding withioany residual raw wound was considered as the afay
epitheliazation [10, 11].

Treatment Groups: For excision wound model:

1. Group | (NC): Normal Control; Normal rats topicathgated with Plane stearic acid ointment.

2. Group Il (DC): Diabetic Control; Diabetic rats toplly treated with Plane stearic acid ointment.

3. Group lll (DT): Diabetes Treated; Diabetic ratsitafly treated with ointment of ethyl acetate sdéufraction
of ethanolic extract of leaves Ginnamomum tamalél00 mg/kg).

Incision wound healing activity in diabetic ratsnifals were anaesthetized with slight vapor inhataof di-ethyl

ether and the back side of each rat was shaveohditudinal paravertebral incision of six centimst length was
made through the skin and cutaneous muscle onabk in anesthetized rats. After the incision, stabsutures
were applied at intervals of one centimeter. Thewds were left undressed (day 0). The sutures weneved on
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the 8th post wound day and the application of ektweas continued. The skin-breaking strength waasue=d on
the 11th day by tensiometer[12, 13].

1.1Treatment Groups: incision wound model:

1.Group | (NC): Normal Control; Normal rats treatedhaplane vehicle of 0.5 % w/v sodium CMC orally.
2.Group Il (DC): Diabetic Control; Diabetic rats tted with plane vehicle of 0.5 % w/v sodium CMC tyal
3.Group Il (DT): Diabetes Treated; Diabetic ratsaterl with 100 mg/kg of ethyl acetate soluble fiactof
ethanolic extract of dried leaves ©@innamomum tamalsuspended in 0.5 % w/v sodium CMC suspension orally

Dead space wound healing activity in diabetic rAtimals were anaesthetized with slight vapour lati@n of di-
ethyl ether and the back side of each rat was sh@ead space wounds were inflicted by implantirgile cotton
pellets (10 mg each), one on left side in the geid axilla on the ventral surface of each rat.tin 11" post-
wounding day, the granulation tissue formed on itin@lanted cotton pellets was carefully removed unde
anesthesia. After noting the weight of the granoiatissue, the tissue was dried at 60°C for 12ahd the dry
granulation tissue weight was recorded [14]. Tdrigd tissue was further used to estimate hydratype [15],
collagen [16] and elastin [17] level in skin of mal and diabetic rats.

Treatment Groups: For Dead space wound model:

1.Group | (NC): Normal Control; Normal rats treatedhaplane vehicle of 0.5 % w/v sodium CMC orally.
2.Group Il (DC): Diabetic Control; Diabetic rats tted with plane vehicle of 0.5 % w/v sodium CMC tyal
3.Group Il (CtPii-EAC): Diabetic rats treated wit®Q mg/kg of ethyl acetate soluble fraction of ethiEmextract
of dried leaves o€innamomum tamalsuspended in 0.5 % w/v sodium CMC suspension orally

Biochemical analysis: At the end of experimentsweind area, % wound closure and day of epithétizavas
recorded in excision wound modeln incision wound model the tensile strength wamasured [12, 13]. In dead
space wound model the weight of wet & dry granolatissue [14], amount of hydroxy- proline [15]]lagen [16]
and elastin [17] were measured.

Statistical analysis: The data were expressed iaM8EM and statistically analyzed by one way anslpé
variance followed by dunet’s test. P<0.05 considexg significant.

RESULTS

There were significant increase in wound healingupeeters during treatment with ethyl acetate selditziction of
ethanolic extract of dried leaves ©@fnnamomum tamalas compared to control groups of normal and diabats.

Effect on wound parameters of excision and incisimund model:

As shown in Table No. 1, the effect of ethyl acetsbluble fraction of ethanolic extract Gihnamomum tamala
leaves on wound area; % wound closure and dayitifediplization in excision wound model and tensiteength &
blood glucose level in incision wound model in ditib rats. The ethyl acetate fraction treated sitswed
significant increase in % wound closure and deeré@asvound area on T'&lay of treatment. The day of scar falling
i.e. epithelization was decreased with decreads#ood glucose level. In incision wound model thesike strength
of ethyl acetate fraction treated rats was foumdeased along with decrease in blood glucose lgitelcomparison
to diabetic control rats.

Effect on wound parameters of excision and incisimund model:

As shown in Table No. 2, the effect of ethyl acetsbluble fraction of ethanolic extract Gihnamomum tamala
leaves on wet & dry weight of granulation tissusoant of hydroxyproline, collagen and elastin. lad space
wound model the weight of wet & dry granulationstie was significantly increased with significantremse in

level of hydroxyproline, % collagen and % elastin the ethyl acetate fraction treated rats with parison to

diabetic control rats.
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Table No. 1: Effect of ethyl acetate fraction treanent in excision and incision wound model.

S. Groups Wound Area % Wound Day of gt(regrslg?h Blood Glucose
No. (mn?) Closure Epithelization (gm/mn?) Level (mg/dl)

1. Normal Control (NC) 49.17+ 2.120 84.16+0.780 3330.557 232.4+4.676 80.17+2.651
2. Diabetic Control (DC) | 117.5+2.742**7  61.76+0.928 | 30.50+0.428*** | 156.1+2.304*** | 388.8+11.38***
3. Diabetic Treated (DT)| 10.83+1.014*F  96.53+0.307 | 13.50+0.991*** | 323.7+1.911** | 75.17+2.971**

Data are expressed as Mean + SEM and analyzedsstatily by One way ANOVA followed by Dunnett'stidld Comparison Test, using
Graph Pad Prism Software trial version. IN Dunrefultiple Comparison Test, Group DC was comparid WC and diabetic treated groups
were compared with DC. P value considered as P<@i@ificant (*), P<0.01 Very Significant (**), P<001 Highly Significant (***).

Table No. 2: Effect of ethyl acetate fraction treanent in dead space wound model.

Wet Granulation| Dry Granulation| Hydroxyproline

Tissue Wt. (mg)| Tissue Wt. (mg) (png/ml)

1. Normal Control NC) 222.2+3.04 55.33+1.45 5.575+0.08 41.59+0.60 | 242.0+3.50

2. Diabetic Control (DC | 113.2+4.400** | 34.83+1.167* | 3.703+0.100*** | 27.63+0.74 | 160.7+4.34

3. Diabetic Treated (DT)  341.5+3.233** 111.3+1.856 | 8.949+0.065*** | 66.76+0.485| 388.4+2.824
Data are expressed as Mean + SEM and analyzedstatily by One way ANOVA followed by Dunnett'stidld Comparison Test, using

Graph Pad Prism Software trial version. IN Dunretultiple Comparison Test, Group DC was comparigd NC and diabetic treated groups
were compared with DC. P value considered as P<@i@ificant (*), P<0.01 Very Significant (**), P<001 Highly Significant (***).

S. No. Groups % Collagen| % Elastin

DISCUSSION

Modern world is facing a critical health problemaths diabetes. The number of patients with diabeted its
complications increasing day by day and reachetb 20 million in this year [1]. Diabetes is a gpoof disorders
characterized by hyperglycemia resulting due taaalities in glucose metabolism [2]. This diabetas generate
many tissue abnormalities including connectiveutssabnormality like loss tissue integrity, weaksitn strength,
and decreased elasticity. In diabetic patient deedn collagen content of skin can generates megpand non
healing abnormalities in wound or injured area [8hnormalities related with diabetic wounds includelayed
inflammation, altered neovascularization, decreasguthesis of collagen, and defective macrophagetifum
Diabetic wounds are also prone to infections duenjgaired granulocytic function and cellular chetagis [18].
The streptozotocin has been used as diabetogerrotuqe high level of blood glucose and productidn o
complications of diabetes [6]. This complicationahnanism involved oxidative stress in body produbesdelayed
wound healing [19]. The phytochemicals like flavisy terpanoids, phenolics and tannis [20] are rgote
antioxidants and can alter the oxidative stregiiabetic patient [21].

In present study photochemical screening showegbrbgence of high amount of phenolics and tannmpounds

in ethyl acetate soluble fraction of ethanolic agtrof Cinnamomum tamalkeaves. The Phenolics and tannins are
the potent antioxidants reported in literature[2Bharma et al [23], and Kar et al, [24] reportkdt tEthanolic
extract of Cinnamomum tamaldeaves exhibits antihyperglycemic activity The higtood glucose level is
responsible for delayed wound healing and ethytaiedraction treated rats showed significant deseein blood
glucose level during wound healing process..

Deep skin wounds in diabetic and non-diabetic cases by contraction and granulation tissue foraragnd re-
epithelialization. In excision wound model the d#tgtate fraction treated group exhibits faster mebaontraction
and re-epithelialization [25]. The % wound closwas also more in fraction treated rats. Healingvofinds, a
fundamental response to tissue injury occurs byozgss of connective tissue repair. A fibrous ssathe end
product of wound healing process, the pre-domieganstituent of this is collagen. Collagen and ot@nponents
of the ground substance are synthesized by thdyhigiscular granulation tissue that is formed witthie wound
space. Collagen provides strength and integritheéarepaired dermis [26]. In incisional skin-wdumodels made
on the back of db/db mice, delayed repaas wharacterized by reduced angiogenesis, delayethfion of

granulation tissue, decreased collagen content, lawdbreaking strength [27]. In incision wound mbdke

increased amount of tensile strength was observethiyl acetate soluble fraction of ethanolic extticf C. tamala
leaves.

In the dead space wound model the rats of ethythtedraction treatment group showed increasednmfhation,
granulation and skin strengthening in the formrafréase in wet & dry weight of granulation tissu¢hvelevated
level of hydroxyproline, collagen and elastin conitd he hydroxylproline is the constitutory amirmdaof collagen
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and elastion and these are responsible for graomjagtrengthening, and remodeling during tissysaireprocess
after injury.

CONCLUSION

The ethyl acetate soluble fraction of ethanolicraott of Cinnamomum tamal¢éeaves was evaluated for wound
healing activity in diabetic rats. The all four glea (hemostasis, inflammation, gtanulation and defig) of
wound healing studied by excision, incision andddgace wound models. The high bllod glucose levéhé root
cause of delayed wound healing in patients of desbelhe treatment of ethyl acetate soluble foacfiromotes
wound healing by decrease in blood glucose lewastef contraction of wound and increased granulafatissue
with increased tensile strength. This action maylbe to anti diabetic, antioxidant and antimicrblictivities of
phytoconstituents like phenolics and tannins whixksent in acetate soluble fraction of ethanolitraex of
Cinnamomum tamalkeaves. Further studies are needed to identify@compound responsible for faster wound
healing activity with detailed mechanism of action.
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