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Abstract  :  The wound heal ing effect  of  alcoholic  extract  of  Kaempferia
galanga (K.  galanga) and i ts  effect  in  dexamethasone suppressed wound
hea l ing  was  s tud ied  in  Wis ta r  ra t s .  Three  wound  models  v iz .  inc i s ion ,
excision and dead space wounds were used in this study. The parameters
studied were breaking strength in case of incision wounds, epithelialization
and wound contract ion in case of  excision wound and granulat ion t issue
dry weight,  breaking strength and hydroxyproline content in case of dead
space  wound .  The  dexamethasone  t r ea ted  g roup  showed  a  s ign i f i can t
(P<0.001)  reduc t ion  in  the  wound break ing  s t rength  when  compared  to
contro l  group in  inc is ion  type  of  wound model .  Coadminis t ra t ion  of  K.
ga langa  wi th  dexamethasone  had  s ign i f i can t ly  (P<0 .001)  inc reased  the
break ing  s t r eng th  o f  dexamethasone  t r ea ted  g roup .  In  exc i s ion  wound
model, the percentage of the wound contraction was significantly (P<0.05)
inc reased  by  K.  ga langa  on ly  on  16 th  day  and  a l so  i t  r eve r sed  the
dexamethasone suppressed wound contract ion on the 16 day.  K. galanga
significantly (P<0.001) reduced the time required for epithelialization and
reversed  the  ep i the l i a l i za t ion  de lay ing  e f fec t  o f  dexamethasone
signif icant ly  (P<0.001) .
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INTRODUCTION

Wound is a breach in the normal t issue
continuum, resulting in a variety of cellular
and molecular sequelae. The basic principles
of  op t imal  wound  hea l ing  which  inc lude
minimiz ing  t i s sue  damage ,  debr id ing  non-
v iab le  t i s sue ,  maximiz ing  t i s sue  per fus ion

and oxygenation, proper nutrit ion and moist
wound hea l ing  envi ronment  have  been
recognized for many years (1). A number of
drugs  rang ing  f rom s imple  non-expens ive
ana lges ics  to  complex  and  expens ive
chemotherapeut ic  agen ts  admin is te red  in
the  management  o f  wound a f fec t  hea l ing
either posit ively or negatively (2).  Aspirin,
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indomethac in ,  cy to tox ic  agen ts  and
immunosuppressan t  have  been  proved
exper imental ly  to  affect  heal ing negat ively
(3, 4, 5, 6).

Medicinal herbs are an indispensible part
of  t radi t ional  medicine.  The rhizome of  K.
galanga  f inds  an  impor tan t  p lace  in
ind igenous  medic ine  as  an  expec toran t ,
diuretic and carminative (7). It is also found
to have anticancer (8) , antihypertensive (9)
and larvic idal  ac t iv i ty  (10) .  I t  i s  used for
the  t rea tment  o f  var ious  sk in  d i sorders ,
rheumatism and diabetes  mel l i tus  (11,  12) .
However  to  the  bes t  o f  our  knowledge  a
systematic s tudy on wound healing act ivi ty
of  K.  ga langa  has  no t  been  under taken .
Hence ,  the  p resen t  s tudy  was  under taken
to  evaluate  the  wound heal ing  proper ty  of
alcoholic extract of K. galanga rhizome and
to  s tudy  i t s  in f luence  on  dexamethasone
suppressed wound healing on various animal
wound models  in  Wistar  ra ts .

MATERIALS AND METHODS

Col lec t ion  and  preparat ion  o f  a lcohol i c  ex t rac t
of  Kaempfer ia  ga langa :

K. galanga plants were procured locally
in the month of December and authenticated
by  Professor  o f  Botany ,  Mahatma Gandhi
Memoria l  Col lege,  Udupi .  The shade dr ied
rhizomes were crushed into small pieces and
powdered .  The  powder  was  loaded  in to
soxhlet extractor in 8 batches of 250 g each
and  was  sub jec ted  to  ex t rac t ion  for  about
30–40 h with ethanol 95%. After extraction
the solvent was distilled off and the extract
was  concen t ra ted  under  reduced  pressure
on  a  wate r  ba th  a t  a  t empera ture  be low
50°C to a  syrupy consistency.  Then i t  was

dried in the dessicator. The yield was about
3%.

Animal  care  and  Handl ing :

This was done as per the guidelines set
by  the  Ind ian  Nat iona l  Sc ience  Academy
New Delhi, India. Twelve- week-old healthy
Wistar  rats  (150–200 g)  of  ei ther  sex bred
loca l ly  in  the  an imal  house  of  Kas turba
Medical College, Manipal were selected for
the  s tudy .  They  were  housed  under
cont ro l led  condi t ions  o f  t empera ture  o f
23 ± 2°C, humidity of 50 ± 5% and 10–14 h
of  l ight  and  dark  cycles  respec t ive ly .  The
animals  were  housed  ind iv idua l ly  in
polypropylene cages containing sterile paddy
husk  (procured  loca l ly )  as  bedding
throughout  the  exper iment  and  had  f ree
access  to  s te r i le  food  (an imal  chow)  (M/s
Hindustan Lever Ltd.) and water ad libitum.
The  s tudy  was  under taken  a f te r  ob ta in ing
the approval of Institutional Animal Ethical
Committee (IEAC approval letter No. IEAC/
KMC/04/2002–2003 Dated Dec. 30th, 2003).

Study  Des ign :

The animal were randomly allocated into
four  groups  of  e igh t  an imals  each  for  the
three  exper imenta l  an imal  wound models .

Group I received 2 ml of gum acacia 2%
(E. Merck India Ltd.) po through intragastric
t u b e .

Group II received K. galanga, 300 mg/kg
po .  The  dose  se lec t ion  was  based  on  the
toxici ty  s tudies .

Group III  received dexamethasone,  0.17
mg/kg (13) (Cadila Healthcare, Mumbai) im.
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Group IV received dexamethasone (0.17
mg/kg im) & K. galanga (300 mg/kg) po.

The suspension of  the alcohol ic  extract
of K. galanga was made in 2% gum acacia.
The dose selection was based on the toxicity
studies.  In group IV, extract of K. galanga
was  adminis te red  immedia te ly  a f te r
in t ramuscular  in jec t ion  of  dexamethasone .

Acute Toxici ty Studies :  Heal thy Wistar
ra t s  o f  e i ther  sex  were  chosen  and  were
divided into  four  groups (n=6) .  They were
administered single dose of alcoholic extract
of  K.  galanga oral ly  with increasing doses
of 100, 300, 1000, 3000 mg/kg body weight
respectively. The doses upto 3 g/kg was well
to le ra ted  wi thout  p roduc ing  any  s igns  o f
toxicity and mortality. 10% of the maximum
tolerated dose i .e .  300 mg/kg was selected
for  the s tudy.

Dosing  Schedule :  K.  ga langa  ex t rac t  and
dexamethasone  were  admin is te red  ora l ly
and intramuscularly respect ively once dai ly
from day 0 to day 9 in the incision and dead
space wound models and from day 0 to the
day  of  comple te  hea l ing  or  the  21s t
pos topera t ive  day ,  whichever  occur red
ear l i e r  in  the  exc i s ion  wound  model .  In
group IV K. galanga extract was given after
the  inject ion of  dexamethasone.

Wound mode l s

All  wounding  procedures  were  ca r r ied
out  under  pen tobarb i tone  (Rhone-poulenc
B.P., France) (3 mg/100 g) anesthesia. In the
present study no animal showed visible signs
of infection.

1 . Inc i s ion  wound :  On the  dep i la ted  backs
of  the  animals ,  two paraver tebral  incis ions
of  6  cm length were made cut t ing through
the  fu l l  th ickness  o f  the  sk in .  In te r rup ted
su tures ,  1  cm apar t ,  were  p laced  to
approximate the cut edges of the skin (14).
The sutures  were  removed on the  7th  post
wound day and skin breaking s t rength was
measured  on  the  10 th  day  by  cont inuous
water flow technique of Lee (3).

2 . Dead  space  wound :  Dead  space  wounds
were  c rea ted  th rough  a  smal l  t r ansverse
incision made in the lumbar region (15).  A
polypropylene  tube  (2 .5 × 0 .5  cm)  was
implan ted  subcutaneous ly  benea th  the
dorsa l  paraver tebra l  lumbar  sk in .  The  day
of the wound creation was considered as day
zero .  Granula t ion  t i s sue  fo rmed on  the
polypropylene tube was harvested by careful
d i ssec t ion  on  day  10  and  the  b reak ing
s t reng th  of  the  g ranula t ion  t i s sue  was
measured.  The granulat ion t issue was dried
in  an  oven a t  60°C overnight  and the  dry
weight  was noted.  Acid hydrosylate  of  the
dry  t i s sue  was  used  for  the  de te rmina t ion
of the hydroxyproline content (16).

2 . Exc i s ion  wound :  An exc is ion  wound was
inf l i c ted  by  cu t t ing  away 500  mm 2 fu l l
th ickness  o f  a  p re -de te rmined  a rea  on  the
depi la ted back of  the  ra t .  Epi thel ia l iza t ion
period was noted as the number of days after
wounding required for the eschar to fall off
leav ing  no  raw wound beh ind .  Wound
cont rac t ion  ra te  was  moni to red  by
planimetric measurement of the wound area
on  a l t e rna te  days .  This  was  ach ieved  by
t rac ing  the  wound  on  a  g raph  paper .
Reduction in the wound area was expressed
as percentage of the original wound size (17).
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Stat i s t i ca l  ana lys i s

Resul t s  were  ana lysed  by  One  way
analysis  of  variance (ANOVA) fol lowed by
Scheffe’s test using SPSS computer package
vers ion-11.

R E S U L T S

Inc i s ion  wound mode l

The  mean  break ing  s t reng th  in  the
cont ro l  g roup  was  348 .27 ± 7.8  g .  The
alcoholic extract of K. galanga did not alter
the  b reak ing  s t reng th  when  compared  to
control.  In the dexamethasone treated group
the  mean  break ing  s t reng th  was
166 .03 ± 7.45  g  which  was  s ign i f ican t ly
(P<0.001)  less  compared  to  cont ro l  group.
Coadminis t ra t ion  of  K.  ga langa  with
dexamethasone  has  s ign i f ican t ly  (P<.001)
increased  the  b reak ing  s t reng th  to
292.6 ± 11.72 g (Table I).

Dead space  wound mode l

The  mean  break ing  s t reng th  of
granulat ion t issue in the control  group was
263.75 ± 28.59 g. Even though there was no
s ign i f ican t  a l t e ra t ion  in  the  b reak ing
strength of the granulation tissue, a marked
increase in  breaking s trength was observed
(312.5 ± 37.4 g) in K. galanga treated group
when  compared  to  the  con t ro l  g roup .  The
breaking s t rength in  dexamethasone t reated
group was 273.75 ± 12.09 g. The increase in
the  break ing  s t reng th  compared  to  the
control  group can not  be explained.  (Table
I ) .  The  mean  dry  weigh t  o f  g ranula t ion
tissue in control group was 42.12 ± 5.47 mg
which was s ignif icant ly  (P<0.05)  increased
to 49.75 ± 5.56, 64.00 ± 6.81, 61.87 ± 6.15 mg
in  groups  t rea ted  wi th  K.  ga langa ,
dexamethasone, dexamethasone +K. galanga
respect ively (Table  I ) .  The increase in  dry
weight in dexamethasone group could be due
to fibroblasts  and other inflammatory cells .

TABLE I : Effec t  of  K.  galanga  on  dead space  and incis ion wound parameters .

Dead space wound Incision wound

Drugs Dose/route Breaking strength of Dry weight of Hydroxyproline Breaking
(n=8) granulation tissue (g) granulation content – mg/g strength (g)

Mean±S.E. tissue – mg of the tissue Mean±S.E.
Mean±S.E. Mean±S.E.

Gum acacia 2 ml oral 263.75± 28.59 42.12± 5.47 21.09± 4.41 348.27± 7.8

K. galanga 300 mg/kg oral 312.5±37.4 49.75± 5.56b 29.61± 4.88 349.78± 9.13

Dexa 0.17 mg/kg im 273.75± 12.09 64± 6.81b 19.85± 2.69 166.03± 7.45c

Dexa+ 0.17 mg/kg im 386.25± 10.34a 61.87± 6.15b 23.14± 2.50 292.6± 11.72d

K. galanga +
300 mg/kg oral

D e x a = D e x a m e t h a s o n e .
aP<0.05 Vs Dexamethasone,  Oneway ANOVA, F=5.004,  df=3,  28.
bP<0.05 Vs Control ,  Oneway ANOVA, F=2.939,  df=3,  28.
cP<0.001 Vs Control ,  Oneway ANOVA, F=88.249,  df=3,  28.
dP<0.001 Vs Dexamethasone,  Oneway ANOVA, F=88.249,  df=3,  28.
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The  mean  hydroxypro l ine  con ten t  o f
granula t ion  t i s sue  in  con t ro l  g roup  was
21.09 ± 4.41 mg/g of  the t issue.  I t  was not
s ign i f ican t ly  a l t e red  in  any  of  the  g roups
(Table I).

Exci s ion  wound

The percentage of wound contraction was
27.75 ± 4.38,  47 .15 ± 5.25,  59 .45 ± 2.77 and
68 .67 ± 1.28  as  measured  on  the  4 th ,  8 th ,
12th and 16th day respectively in the control
group.  The wound contract ion rate was not
altered significantly in any of the test groups
on  4 th ,  8 th  and  12 th  day  as  compared  to
control group at same time. Apart from this,
we have also noted a positive trend in wound
contraction rate in K. galanga treated group
and negative trend in wound contraction rate
in dexamethasone treated group even though
they were not statistically significant on 8th
and 12th day.  However  wound contract ion-
rate was significantly increased in K. galanga
t r ea ted  group  compared  to  the  con t ro l
group  on  16 th  day  (P<.001)  (82 .1 ± 2 .22) .
S imi la r  observa t ion  was  a l so  made  in  the

dexamethasone & K. galanga t reated group
when  compared  to  the  dexamethasone
t rea ted  group  where  i t  inc reased  f rom
67.02 ± 2.12  to  76 .22 ± 1.03  on  16 th  day
(P<0.001)  (Table  I I ) .  The  mean  per iod  of
ep i the l ia l i za t ion  in  the  con t ro l  g roup  was
16 .75 ± 0.75  days .  I t  was  s ign i f ican t ly
(P<.001)  reduced  to  11 .12 ± 0 .47  days  in
K. galanga t reated group.  The mean period
of  ep i the l ia l i za t ion  in  dexamethasone
t rea ted  group was  17 .25 ± 0.75 days  which
was  s ign i f ican t ly  (P<0 .001)  reduced  to
12 .75 ± 0 .77  days  in  the  g roup  t rea ted
wi th  bo th  dexamethasone  and  K.  ga langa
(Table II) .

D I S C U S S I O N

Granula t ion ,  co l lagen  matura t ion  and
scar formation are some of the many phases
of  wound  hea l ing  which  run  concur ren t ly ,
but  independent  of  each other .  The use  of
single model is inadequate and no reference
s tandard  ex i s t s  tha t  can  co l lec t ive ly
represen t  the  var ious  phases  o f  wound
heal ing.  Hence three different  models  have

TABLE II : Ef fec t  o f  K.  ga langa  on  exc i s ion  wound  pa ramete r s .

Percentage of wound contraction (Mean±S.E.) Period of
epithelialization

Drugs Dose / rou te 4th day 8th day 12th day 16th day (days)
Mean±S.E.

G. acacia 2 ml oral 27.75± 4.38 47.15± 5.25 59.45± 2.77 68.67± 1.28 16.75± 0.75
K. galanga 300 mg/kg oral 21.2± 3.21 48.25± 4.46 67.55± 3.48 82.1± 2.22a 11.12± 0.47c

D e x a 0.17 mg/kg im 23.4± 3.32 39.57± 3.58 55.85± 2.39 67.02± 2.12 17.25± 0.75
D e x a + 0.17 mg/kg im 26.25± 3.32 37.5± 2.64 65.77± 0.93 76.22± 1.03b 12.75± 0.77d

K. galanga +
300 mg/kg oral

D e x a = D e x a m e t h a s o n e .
aP<0.001 Vs Control ,  Oneway ANOVA, F=5.004,  df=3,  28.
bP<0.001 Vs Dexamethasone,  Oneway ANOVA, F=2.939,  df=3,  28.
cP<0.001 Vs Control ,  Oneway ANOVA, F=18.483,  df=3,  28.
dP<0.001 Vs Dexamethasone,  Oneway ANOVA, F=18.483,  df=3,  28.
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been chosen in our study to assess the effect
of K. galanga on wound healing. The wound
breaking strength is  determined by the rate
of  co l lagen  syn thes i s  and  more  so  by  the
maturat ion process  where  there  is  covalent
binding of collagen fibrils through inter and
intra  molecular  cross  l inking.  In  our  s tudy
dead  space  wound model  showed no
significant increase in breaking strength and
hydroxypro l ine  concen t ra t ion ,  bu t  the  d ry
weigh t  o f  the  g ranula t ion  t i s sue  was
significantly increased in K. galanga treated
group.  By th is  we can assume tha t  the  K.
galanga  might  no t  have  increased  the
col lagen content  but  probably have a l tered
the  matura t ion  process ,  by  a f fec t ing  the
cross  l inking of  col lagen or  improving the
qual i ty  of  col lagen f ibr i ls .  The increase in
weigh t  in  dexamethasone  t rea ted  group
could be due to  high protein concentrat ion
and  co l lagen  bundle  fo rmat ion  (18) .  I t  i s
difficult to explain the effect of K. galanga
along with the dexamethasone as there was
a  s l igh t  increase  in  b reak ing  s t rength  and
dry  weigh t  o f  g ranula t ion  t i s sue  in  the
dexamethasone  a lone  t rea ted  group
compared to control  group.

Wound cont rac t ion  i s  the  p rocess  o f
mobi l i z ing  hea l thy  sk in  sur rounding  the
wound to  cover  the  denuded  a rea .  This
cen t r ipe ta l  movement  o f  wound marg in  i s
be l ieved  to  be  due  to  the  ac t iv i ty  o f
myof ibrob las t  (19) .  S ince  K.  ga langa
enhanced wound contract ion,  i t  would have
e i ther  enhanced  con t rac t i l e  p roper ty  o f
myof ibroblas ts  or  increased the  number  of
myof ibrob las t s  rec ru i ted  in to  the  wound
area.  In  excis ion wound model  K. galanga
has tened  the  per iod  of  ep i the l ia l i za t ion

significantly and the co-administration of K.
galanga  with  dexamethasone  has tened  the
ep i the l ia l i za t ion  in  dexamethasone  group .
Even though only during later part, K. galanga
showed s ign i f ican t  inc rease  in  wound
cont rac t ion  we have  observed  the  pos i t ive
t rend  in  the  in i t i a l  s t ages .  Concomi tan t
admin is t ra t ion  of  K .  ga langa  a long  wi th
dexamethasone  had  a l so  s ign i f ican t ly
increased  the  wound  cont rac t ion  on  16 th
day.  Hence i t  appears  that  K. galanga has
prohealing effect as evidenced by the above
f ind ings .  I t  a l so  appears  tha t  K.  ga langa
was  ab le  to  p romote  ep i the l ia l i za t ion
e i ther  by  fac i l i t a t ing  the  p ro l i fe ra t ion  of
epithelial cells or by increasing the viability
of  ep i the l ia l  ce l l s .  I t  i s  d i f f i cu l t  to  d raw
any  conc lus ion  f rom the  s tudy  regard ing
the  dexamethasone & K. galanga effect  in
dexamethasone  suppressed  wound model .

In recent years oxidative stress has been
impl ica ted  in  a  var ie ty  o f  degenera t ive
process  and  d i seases .  These  inc lude  acu te
and chronic inflammatory condition such as
wound heal ing (20).  K.  galanga has shown
to  possess  an t i -ox idant  proper ty  (21) .  The
flavonoids which are responsible for the free
radical scavenging activity were believed to
be  one  of  the  impor tan t  components  in
wound healing (22). Phytochemical screening
revea led  the  p resence  of  f l avonoids  in  K.
galanga (23).  This could be the reason for
prohea l ing  ac t iv i ty  o f  K.  ga langa .  This
enhanced  wound  cont rac t ion  e f fec t  of  K .
galanga and epithelization could possibly be
made  use  of  c l in ica l ly  in  hea l ing  of  open
wounds .  However  conf i rmat ion  of  th i s
suggest ion wil l  need well  designed cl inical
eva lua t i on .
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