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ABSTRACT - 
Objective: To study the wound healing effect of extracts model, the harvested granulation tissue was :issessed for 
of nrern ~cnh .c l~ l~  i.?., alkaloid of areca, polyphenols of a ~ c a ,  dry weight, tensile strength, hydroxyproline content .~nd  
a combin.ition of  both and synthetic arecoline histopathologicalstudies. 
hydmhrt>mide. Results: The arecoline alkaloid, polyphenol of arec.1 .ind 
Design: Experimental study the combined formulation enhanced the breaking 
Setting: Kasturha Medical College, Manipal, Karnataka strength in incision wound model. All the extracts 
State, India increased the wound contraction on the 4'h and 16"' Jay 
Material and Methods: Twelve-week-old healthy male and the period of epithelization. In the dead space model, 
\\,istar rats wr.ighing 1511-2170 g of thrcr wound modrls only lhc. ,In,ca .,lkaloici fr.~ction rnh.incnl thc teniilc 
M.<T~. ~ ~ s e c i  in this study. In the incision wound modcl, thc ~trer-~;tli c , f  gr,mulatic,n tissue. 
>kin tvnsilc strcwgth was nif,isurcci by using the Conc'usion: Our study showed that the alkdloid of;  eca 
continueus water flow t~chnique on the tenth day. In the and ~olyphenols of areca could bc used to enhance the 
excision wound modcl, wound contraction and period of healirg ot burn wounds, leg ulcers .and skin graft sureery. 
rpithelization \v.ii mcabured. In the dead sp.icc wound 

KEY WORDS: .~lhaloid of a r e a ,  A n ~ s  colcr'irii, tx>l!;i~l~t~nol of .lrcca, waond healin): 
- 

INTRODUCTION fibrc,blnsts has  brought a major blow to the use of 
The  betel nut  palm Arecn cnfcclt~r Linn, is a arecanut as masticator. Harvey ef nl showed that  

common masticant a n d  appetizer.  Betel n u t  arecoline was  responsible for the stimulatory efrect 
chewing is <in c ~ t ~ ~ b l i s l i c d  practice among  Indians on the fibrc)bl,ists in habitual betel n u t  chewersl'l, 
for the  past 2000 years. Its cultivation is concent- leading to a fall in the price for arecanut in market, 
rated in the  southwestern and northeastern regions provoking a search for other medicinal properties 
of lndia a n d  it is extensively cultivated in the  states of areca. Scutt 1.t nl reported that  polyphenols of 
of Karnataka, Kerala, Assam and  West Bengal. areca stabilizes collagen by human and  bacterial 
More than ten million people a re  dependent on  this collagenases in a concentration dependent manner 
crop fo r  their [jvelihood. Seeds of areca contain thus  promoting the development of submuco.:al 
catechin, tannins (15'%>), gallic acid fat, g u m  and  fibrosis following damage t o  the  oral epitheliut::"l. 
alkaloids like arecoline (0.07'%,), arecaine (I1%,). This provided u s  a n  insight that  when  areca 
Arecaidine a n d  guvacoline, guvacine and cholinc catechu extracts are used for short  duration, it m.iy 
are present in trace amount .  enhance w o u n d  healing b y  proliferation ~f 

Among these, arecoline is the most important coll,igen. 
alkaloid. The dried nuts  have stimulant, astringent 
a n d  vermifuge properties. Pharmacological actions SUBJECTS A N D  METHODS 
of arecoline resemble that  of muscar ine  a n d  Animal  care a n d  Handling: 
pilocarpinel". The awareness regarding submucous The  animal  care and  handling w a s  d o n e  
fibrnsis, a premalignant condition that is characterized according to the  guidelines set by the  1ndi;:n 
b y  excessive collagen production hy mucosal National Science Ac.idemy, New Delhi, I n d i , .  
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Twelve-week-old healthy male wistar rats bred 
Table 1: Wound breaking strengtli in incision rround locally in the ani~rtdl house of Kasturba Medical 

College Manipal, weighing 150-200 g were selected modcl 

for the study. They were housed under controlled (,,) Wound breaking strength (8 )  
conditions of temperature (23 t 2" C), humidity (50 Mean i SE 

5%) and 10-14 hr of light and d'irk cycles 
respectively. The animals were housed individually C"nt"'I 2 4 4 l h t  14.42 

Alk.>lc>id ofdrcc.> ZV3.lh + lh2R' 
in polypropylene cages containing sterile paddy Pulyphrnolsofarec., ~ 7 . 8 3  r 22 .32  

husk (procured locally) as bedding throughout the ~lk.>l<>id & P , ~ I ~ ~ I , ~ , ~ , I ~  ,,f.lrrc.l i i ~ j . 2 ~  r 17.17. 
experiment and had free access to sterile food ~ r ~ c ~ l i , ~  hvdmbn,rnidc Z ~ A I ~  r l b . 5  

(animal chow) and water o ~ f  libiturn. The study was 
undertaken after obtaining the approval of 
institutional animal ethical committee. 

Extraction of arecoline: This was done by the 
general titration method of AOAC. Areca powder 
(-10 g) was transferred to a separating funnel with 
about 20 ml water and 1 ml of dilute sulfuric acid 
(H:S04 : Hz0 = 1:9). The solution was extracted with 
25 ml portions of chlorofotm three times. 
Approximately 1 ml of ammo ~ i a  solution was 
added and again extracted witk 25 ml portions of 
chloroform four times. i.lkalinity of the solution 
was ensured by checking the pH of the scilution 'lncl 
adding more ammonia solution, if required. The 
chloroform layer was drained into a conical flask; 
the extraction was repeated till all the alkaloids 
were extracted into the chloroform. The chloroform 
was evaporated. A portion of it was used for 
quantification, by dissolving in excess of 0.02 N 
tiso, and titrating ,lgainsl 0.02 N N,IC)I I using 
methyl red as indicator. 

Estimation of arecoline: The normal contents 
ranged between 0.03 - 0.24%. It was detected on 
silica G TLC, using standard arecoline 
hydrobromide (Sigma chemicals, USA) as 
reference, and Dragendorff reagent - for color 
development. . 

Extraction and detection of polyphenols 
(tannins): Extraction of phenols: Areca powder (10 
g) was left to stand in 100 ml of 80'% methanol 
overnight. The solution was filtered and the process 
was repeated two more times. All the filtrates were 
pooled and the methanol removed by evaporation. 
The phenol obtained was dissolved in 200 ml water 
and quantitated us:ng the method of Malik and 
Singhl'l and ranged between 23-48 mg / g  dry 
weight. A solution of 0.1 mg/rnl was used for the 
animal studies. 

1n=6. 'p I UUS v,. Control 

extract of areca; Group 1V was administered 0.5 
mg/100g body wt of a combination of the alkaloid 
and polyphenol extracts of areca; Group V was 
administered 0.5 mg/100g body wt of synthetic 
arecoline hydrobromide (Sigma chemicals, USA). 

All compounds were administered per orally. In 
incision and dead space wound model, all extracts 
were given from day zero to 9th day in the above- 
mentioned dosage. In the excision wound model, 
extracts were administered till  the wound was 
completely healed (about 21 davs). 

Wound models: 
All wounding procedures were carried out 

under light ether anesthesia. In the present study, 
no animal showed visible signs I I ~  infection. 

1. Incision wound: On the depil'ited backs ot the 
animals, two paravertebral incisions 6 cm in length 
were made, cutting through the full thickness of the 
skin. lnterrupted sutures, I cm apart, were placed 
to approximate the cut edges of the skin1''. The 
sutures were removed on the 7th post wound day 
and breaking strength was measured on the 10th 
day by continuous water flow technique of Lee1"I. 

2. Excision wound: An excision wound was 
inflicted by cutting away 500 mmz full thickness of 
a pre-determined area on the depilated back of the 
rat. Epithelization period was noted as the number 
of days after wounding, required for the eschar to 
fall off leaving no raw wound behind. Wound 
contraction rate was monitored by planimetric 
measurement of the wound area on alternate days. 
This was achieved by tracing the wound on a graph 
paper. Reduction in the wound area was expressed 
as percentage of the original wound size1". 

Treatment schedule: Five t:roups In = 6) of animals 3. Dead space wound: Dead space wounds were 
were taken for incision, excision and dead space created through a small transverse incision made 
wound models separately. on the lumbar region"'. A polypropylene tube (2.5 x 

Group I received double distilled water; Group 0.5 cm) was implanted subcutaneously beneath the 
I1 was administered 0.5 mg/lOO g body wt of the dorsal paravertebral lumbar skin. The day of the 
alkaloid extract of a w a ;  Group 111 was adminis- wound creation was considered as day zero. 
tered 0.5 mg/100g 1.ody wt of the polypheno1 Granulation tissue formed on the polypropylene 
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Table 2: I'crcrnt.~gr of wnlln~l rontr,>rtion .1t differc>nt timc. inh.l-\,air and  pri-inii elf rpithrli/:ition in v\<-ision wound 
rn<)dcl. 

Croups 4'Vday 8'" a y 12'b day 16'Vday Period at 
Mean ? SE Mean i SE Mean + SE Mean*SE epitheliratian 

Days Mean * SE 

Contml 5.23 + 7.7 53.6'1 t 3.10 til.i.7 5 396 94.76 + 1.44 21.33 r 0.42 
Alk.ll<lids of .>rec.> 25.61 k 12.45' 61.13 +2.?0 87.1 ? 2.41 99.37 + 2.9' 17 5 0.45' 
I'olyphcnolr. of areca 50.15 + 4.15. 65.lV -2.37 92.67 ? 2.37 '49.21 +0.3h. 17r0 .45  
Alkaloids & I'olyphenols of areca 23.85 r 9.7' h5.0'j t 4.79 XX.67 ? 2.36 9.86 r0.17 16 + 0.52* 
Arccolinr hydnrbmrnide 36.08 ? h.14' 62.82 2 3% 42.90 t 3.93 99.82 +0.18. 16.33 r0.33" 

p c t I . t I I  \,r. Control. F = 2.79 
.F c l l n l  v*. Control. F = 1m2 Ollc way A N O V A  lollnwrd t.v h n  -Frimn# ;r*t G-I (water control group) (p  < 0.05) (Table 1). This 
p < (1 05 r.. C<>",?<>I 

bp  < 0.111 VS. controi. one way ANOVA shows that polyphenols of areca and alkaloid can 
be used for incised wounds. 

Table 3: Effect of various extracts of areca on dry weight, 
tensile strength and hydroxyproline content of granulation 
tissuc in dc.?d space wound niodcl. 

Groups Dry Weight Tensile Slrength Hydroxyprolinc 
ImglMean r SE Ig1 Mean +SE lmgignl lirlvsl 

Mean 2 SE 

Cnntnll 56 t 3.93. 2Xh.Q t 11.45 24.52 r 72% 
Alkaloid> <of .are<.? 71.83 +!I.IIX 1101h7 ? ? l . i r  2 l Z h  r I l l X l  
Pc,l\ph~nolr of .arccn 7'1 16 iR.47 107.3 t l 2 lU  17.41 r 1.28 
,\IkdlniJ* & I '<,lypln~ia~l\ 
of arcci 72hh  5 Z l l W  261 ! 22.03 2.85 t0.7'1 
\ n ~ ~ ~ l ~ ~ a ~ l ~ \ ~ l r ~ ~ I ~ t ~ ~ ~ ~ ~ ~ ~ l t ~  T.:.Isl 1 111 11 I I 7 ? 1'1 i 11 I 

tube was harvested by careful dissection on day 10 
and the tensile strength of the granulation tissue 
was measured. A piece of this tissue was preserved 
in 10"/.3 formaldehyde and sent for histopathological 
examination. The remaining granulation tissue was 
dried in an oven at 60 "C overnight and the dry 
weight was noted. Acid hydrosylate nf the dry 
tissue was used for the determination of the 
hydroxyproline contentl"'. The standardization was 
done for hydroxyproline using the Neumann and 
Logan methodl'l and it followed Beers law for the 
range of 12 - 18 pg of hydroxyproline. The recovery 
obtained !vas 95% using 4 and 12 pg of liydroxy- 
prolinc. ' 

Statistical Analysis: Statistical analysis was donc 
using one way analysis of variants (ANOVA) 
followed by Don-Ferroni test whcrcver required 
using SPSS pickage. Significance was noted at p- 
value < 0.05. 

RESULTS 
Incision Wound model -Wound breaking strength: 
The G-111 (polyphenol) and G-IV (alkaloid + 
polyphenol) along with Group I I  (alkaloid), in that 
order, showed statistically significant imprnvcment 
111 1 1 1 ~ '  W O L I I I L J  L I I C ~ I ~ ~ I I ~  \ I I C I I ~ ~ I  M ' I ICI I  LOI I I~ I , IWCI  Lo 

Excision Wound model - Period of Epithelization: 
All the test compounds showed statistically 
significant hastening of epithelization i.e., control 
\,t.rsus G-ll & G-111 (p < 0.05). control versus G-IV & 
G-V (p  < 0.01) (T'illble 2). This again sh07.v~ that both 
the arcca extracts and the synthetic arecoline are 
cftective in healing excision type of wounds such as 
abrasi(1ns. N o  compound can be claimed superior 
as there was no significant difference among the 
trst groilps. 

Percentage of Wound Coptr.v-tion: The 
pcrcrnl.igc o i  w c ~ i ~ n ~ l  ctintractit~n i n  ; ~ l l  thr tinst 
g rn t~ps  wrre significant s:.~tistically when 
compared to control on the 4th day (;I < 0.05, F = 

2.79) (Table 2). On the 4th day the percentage of 
wound contraction ranged from a low r>f 5.23 + 7.7 
in control to 50.15 + 4.15 in the polyph~nol  extract. 
There was no statistical significance in the percentage 
of wound contraction during the8th and 12th days. 
But on 16th day there was a statistically significant 
difference in percentage of wound contraction (p < 
0.01, F = 4.092) between the control and the test 
groups. So the test compounds could be used to 
hasten healing in excision wounds likc abrasions. 

Dead Space Wound Model - Breaking Strength: 
There was a significant increase in the breaking 
strength of  granulation tissue in G-I1 when 
compared to control (p < 0.05) but no statistically 
significant increase in G-fll was observed (Table 3). 
Histopathology studies revealed good connective 
tissue response in Group I1 & Group 111 with 
decrcase~l inflammatory component, but it was not 
vcry different from Group I. The healing process 
w,is \)cry mild in the Groups-IV ~ i n d  V (Figs. 1-5). 
'There was 110 significant change in the hydroxy- 
proline content of the granulation tissue of G-Il and 
G-Ill when compared to G-I (Table 3). The dry 
weight of the granulation t i s s ~ v  was not 
significantly increased in any of the test groups. 
I I~~wcvcl ;  I I l i ~  - 11) 'ind polvphenol 



March 2137 51 

rig. I: I<,,% L..;;. C~, .~~, , . ,L , ,>: ,  ,,I C , ~ ~ I ~ ~ ~ , I ,  ,n >v.,, ,  it^, n l i ~ c t  rig. z: IRCVC.>I~ : ~ C % ~ ~ X Y I  t~~ l , \8 t , '  ,>I L ~ > I I . > ~ L , , ,  h h r  =,it[, , , , I I ~ I  I,,~I.,,,,,,,.~~~~~: 
i l  I i t  f I f r , n  l l t  ( I .  I I 1<~\)1<ll1sc t11,lt 1s l l l o r ~  . l i i l t l l l t i  \!I<. il,ipl.l!lt ( 4 0  \ I ICll ( < , - I l l  

Fig. 3: I U ~ I ~ l , t i < ) l l  01 i l ~ l l d n l r l l d l ~ ~ r y  ~ h u d d t r )  d r ~ ~ b n d  tllc i l ~ ~ / ? / . ~ i t  ~ , i l h  

eijidencr of fibrillar strornn and i i i t l i  l n i l c l  inR~~i~n>,~tor i .  ~ C . ~ ~ I O I I Y C  wit11 
icw pmlif<~r .~t in~ iibnsblaals and ~ ~ r o i ~ . ~ ~ c u l a r ~ , . ~ ~ ~ ~ ~ ~ ~  (411 X. I I&I:] ( < > I l l )  

Fig. 5: 1 lib : I  r ,  I I ! I ~ ~ ! ! , ~ ~ ~ - ~ ~ I . V ~ C ~ ~ ~  L,.II 
response ,around Illi.  io~plant i%,ith r;ror . ~ ~ i ~ ~ l , , r ~ , . ~ l ~ ~ ~ ~  (ill \ I lk1:J. I<:-V) 

treated tissues (G- 111) had higher dry weight when 
compared to the other two groups (Table 3). 

DISCUSSION 
It is a \vcll-accepted iiict that wounds in niost 

tissues heal by repair, hy laying down non-specific 
connective ti~sue'" '~. More than 50% of connective 
tissue is made up  of collagen in case of sutured 
--lnds. In excised wounds, since the edges arc not 

contact with each other contr'ictiun and 

cpitlielizcition are necessary for the repair process. 
Hence laying down 'ind weaving of tlic collage~i 
matevial into the heciling wound is ,111 important 
feature. So it is understandable that s~ibstanccs that 
influence tlie collagen turnover or maturation 
cnliance the process of wound liealing. Collagen is 
a f ibn~us  protein compuncnt of the conncsc.ti\,i. 
tissue and pn>vidt,s ,i structur.iI fr,imc\vork to tlic~ 
t i s s u c ~ ~ . ~ ~  consisting of hydroxyproline, liydroxy- 
lpsinc and glycine as principle constituents among 
which hydroxyprolin' is consicicred '1 spcciiic 
amino - 'icid. Hence its estimation in the granulation 
tissue [nay throw light on the maturation and 
liealing process'"". 

In our study, polyplienols and alkaloid fractions 
have enhanced tlie healing of incision wounds by 
increasing the breaking strength of the wounds. 
Tlle polyplicnol fraction especially sccms more 
effective, as is obvious from Table 1, wherc the 
tre,itnic,nt having a combination of both the 
alkaloid ancl polypheno1 fractions also has a 
relatively high wound breaking strength. A 
marginal increase in ~ v o u n d  brc,iking strength \\,as 
seen in .ilkaloid and synthetic ~irccoli~ic t re~t~i icnts .  
All the test groups cnli~nccd the woi~nd liwli~ig hy 
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hastening thc period of cpithclization and wound 
contraction on 4th .i~id Ihth d'iys when comp,ireci 
to the control group; here a ~ i i n  tlic pilyplienol 
fraction had '1 head start. In the case of the dead 
space wound model, only the arecoline alkaloids 
showed significant and polyphenol fractions 
showed insignificant increase in the breaking 
strength of the granulation tissue compared to the 
control group and only polyplienol fraction had 
increased the dry weight of the granulation tissue. 
From the above findings, we have confirmed the 
wound healing effects of alkaloid and polyphenol 
fractions of areca in incision and excision wound 
models only. 

Reportedly the alkaloid fraction ot areca enhances 
thc collagen production and hencc wound 
healing"'. Similarly polyphenols of areca have been 
stated to promote wound healing of incision and 
dead space wounds and the period of 
epithelization in the excision wounds'"'. But 
contrary to the above two studies, there was no 
increase in the hydroxyproline content of 
granulation tissue in arecoline and polyphenol 
treatments (infact, there was a decrease) and 
insignificant change in wound breaking strength of 
the granulation tissue with polyphenol treatment of 
the dead space wt>i~nd model. Histopathological 
<~x,iniiniiti~i~i tilsci rcbvcci Ihvi 110 ~ii,:rh<~i ~ill<*r,ilio~i i n  
l h ~ ,  Iic~,iling p.iIlcrn in tlic>sc, tr~*~ttliirtits conip.ired to 
control. Hence the effect of these extractions in 
healing of surgical wounds is questionable. 
Clinically increased ivoi~nd strength is an important 
aspect in healing of  surgical wounds. Scar 
weakness can lead to wound dehiscence and 
incisional hernia. Drugs like NSAIDs, steroids and 
antineoplastics have adversely affected healing in 
the peri-surgical period'"""l. Studies have quoted 
that local or systemic application of areca and 
polyphenols of areca extracts can prevent such an 
e~entuality'"~. Thus the conclusion drawn by the 
previous authors i.c., possible use of these in the 
healing process of surgical wounds is suspectl"l. We 
have to reconsider the effect of alkaloid and 
polyplien0l fractions of areca in the healing of 

of the dead space m<idc,l. 
Howe\,er, we can assume that alkaloids and 

polyphenols of areca can be tested in the treatment 
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ot leg ulcers, extensive burns, healing ot donor area 
in skin gr'ift surgery as this can lead to quicker 
cover~igr of epithelial layer; as f o ~ n d  in thc healing 
of incision and excision wound. These :wed further 
careful clinical evaluation. 
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