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Ankaferd-Induced Early Soft Tissue
Wound Healing in an

Experimental Rat Model

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: An ka ferd blo od stop per (ABS) is a uni qu e stan dar di zed me di ci nal plant ex-
tract which has be en ap pro ved in the ma na ge ment of post-sur gi cal ex ter nal ble e ding and den tal sur-
gery in Tur key. ABS is ob ta i ned from fi ve dif fe rent plants’ ex tracts na mely Thymus vul ga ris,
Glycyrrhi za glab ra, Vi tis vi ni fe ra, Al pi ni a of fi ci na rum and Ur ti ca di o i ca. The aim of this pa per is to
test the ef fects and se arch the un derl ying mo le cu lar mec ha nisms of ABS on the early wo und he a -
ling pro cess of ex trac ti on soc ket’s soft tis su e in a rat ex pe ri men tal mo del. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Lo-
cally bred fe ma le 20 al bi no rats’ right and left ma xil lary mo lars we re ex trac ted. On the right si de,
0.2 mL ABS was app li ed on each soc ket, and the left si de was used as the con trol. The ani mals we -
re sac ri fi ced on 1,2,4 and 7th days. In di rect im mu no his to lo gi cal pro ce du re was per for med on cryo -
sec ti ons. Di gi tal ima ges we re cap tu red and qu an ti ta ti ve ima ge analy sis was car ri ed out for va ri o us
im mu no his toc he mi cal mar kers; col la gen type 1, col la gen type 3, α-smo oth musc le ac tin, fib ro nec -
tin, β 2 mic rog lo bu lin, vas cu lar en dot he li al growth fac tor and, cyclo oxy ge na se-2. RRee  ssuullttss::  Im mu -
ne re ac ti vity was aug men ted sta tis ti cally sig ni fi cantly (p<0.05) in va ri o us days for; col la gen type 1,
col la gen type 3, α-smo oth musc le ac tin, fib ro nec tin, β 2 mic rog lo bu lin, vas cu lar en dot he li al growth
fac tor, Cyclo oxy ge na se-2 and mo no nuc le ar pha gocy te mar ker. CCoonncc  lluu  ssii  oonn::  ABS en han ced the num-
ber of the cells har bo ring the im por tant mar kers of soft tis su e he a ling as well as  the bi o lo gi cal re-
ac ti vity of the se cells for the se mo le cu les in the ex trac ti on soc kets. The re fo re this study is im por tant
for eva lu a ting wo und he a ling ac ce le ra ting ef fect of ABS.

KKeeyy  WWoorrddss::  Wound healing; models, animal; immunohistochemistry; Ankaferd blood stopper

ÖÖZZEETT  AAmmaaçç::  Ankaferd Blood Stopper (ABS)®, Türkiye’de eksternal kanamalarda kullanılmak üzere
onay almış bitki kökenli bir ekstrakttır. ABS, Thymus vulgaris, Glycyrrhiza glabra, Vitis vinifera,
Alpinia officinarum ve Urtica dioica isimli beş bitkinin ekstraktından elde edilmektedir. Bu çal-
ışmanın amacı deneysel rat modelinde ABS’nin çekim bölgesindeki yumuşak doku yara iyileşmesi
üzerine olan etkinliğinin ve bunun mekanizmasının erken safhada değerlendirilmesidir. GGeerreeçç  vvee
YYöönntteemmlleerr::  Standart yem ile beslenmiş 20 dişi albino ratın sağ ve sol maksiller molarları çekildi. Sağ
tarafta çekim sonrası boş kalan her sokete 0,2 mL ABS uygulandı, sol taraf kontrol grubu olarak
bırakıldı. Ratlar 1,2,4 ve 7. günlerde sakrifiye edildi. Kryokesitler üzerinde yara iyileşmesinde görev
alan  kollajen tip 1, kollajen tip 3, α-düz kas aktin, fibronektin, β2 mikroglobulin, vasküler en-
dotelyal büyüme faktörü ve siklooksijenaz-2 indirekt immünohistokimyasal yöntemlerle
işaretlenerek, elde edilen veriler üzerinden sayısal analiz yapıldı. BBuullgguullaarr:: Kollajen tip 1, kollajen
tip 3, α-düz kas aktin, fibronektin, β2 mikroglobulin, vasküler endotelyal büyüme faktörü, sik-
looksijenaz-2 ve tek çekirdekli fagosit immün işaretlenme skorları için elde edilen sonuçlar, çeşitli
günlerde istatistiksel olarak anlamlı derecede arttı (p<0,005). SSoonnuuçç:: ABS, çekim soketinde yumuşak
doku iyileşmesinin önemli belirteçlerini barındıran hücrelerin sayısını ve bu moleküller açısından
biyolojik aktivitesini arttırmaktadır. Bu nedenle çalışma, ABS’nin yara iyileşmesini erken dönemde
hızlandırıcı etkisinin değerlendirilmesi açısından önemlidir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Yara iyileşmesi; modeller,hayvan; immünohistokimya; Ankaferd kan durdurucu 
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Ge ne rally, wo und he a ling in vol ves the fol-
lo wing events: ra pid he mos ta sis, ap prop -
ri a te inf lam ma ti on, me sench ymal cell

dif fe ren ti a ti on, pro li fe ra ti on, and mig ra ti on to the
wo und si te, su i tab le an gi o ge ne sis, prompt re-epit -
he li a li za ti on (re-growth of epit he li al tis su e over the
wo und sur fa ce), and pro per synthe sis, cross-lin -
king, and align ment of col la gen to pro vi de strength
to the he a ling tis su e.1-3

Non-he a ling wo unds af fect abo ut 3 to 6 mil li -
on pe op le in the Uni ted Sta tes, with per sons 65 ye -
ars and ol der ac co un ting for 85% of the se events.
Non-he a ling wo unds re sult in enor mo us he alth ca -
re ex pen di tu res, with the to tal cost es ti ma ted be -
ing mo re than $3 bil li on per ye ar.3,4 The re are
se ve ral syste mic and lo cal con di ti ons that af fect to -
oth ex trac ti on soc ket he a ling: dif fi cult or tra u ma tic
ex trac ti on, use of oral con tra cep ti ves, to bac co use,
old age, un con trol led di a be tes, im mu no com pro mi -
sed pa ti ents, ra di a ti on the rapy, che mot he rapy, bip -
hosp ho na te the rapy and mal nut ri ti on are so me
examp les of pre dis po sing fac tors for de la yed or
non-he a led ex trac ti on soc kets.5-9 The re fo re, the re
are nu me ro us stu di es in the li te ra tu re abo ut ac ce -
le ra ting the he a ling ra te of wo unds.10,11 ABS can be
a new agent to be used in wo und he a ling ac ce le ra -
ti on owing to its easy app li ca ti on and he mos ta tic
ef fect. The re fo re, this study is cru ci al for eva lu a -
ting ABS’s wo und he a ling ac ce le ra ting ef fect. 

Using he mos ta tic ma te ri als car ri es a risk of in-
fec ti on and may de lay he a ling, the re fo re they sho -
uld be avo i ded in im mu ne sup pres sed pa ti ents.12

Matt sson et al. sho wed that he mos ta tic agents As-
trop last and He mas to gen pro vo ked ad ver se tis su e
re ac ti ons inc lu ding fo re ign body gi ant cell for ma -
ti on mo re than bo ne wax.13 Matt hew et al. in ves ti -
ga ted the he a ling ef fect of non-wo wen so di um
cal ci um al gi na te fi bers and oxi di zed re ge ne ra ted
cel lu lo se over to oth ex trac ti on soc kets.14 They sho -
wed that both bi o ma te ri als de la yed wo und he a ling
in the early pha se, gi ving ri se to fo re ign body re ac -
ti ons. The re are nu me ro us ble e ding di sor ders in
den tal pa ti ents which may al so be ac com pa ni ed
with im mu ne sup pres si on, the re fo re an agent
which has both he mos ta tic and wo und he a ling ac-
ce le ra tor pro per ti es may pos ses gre at ad van ta ges to

be used in the se pa ti ents.12 ABS se ems to be a go od
can di da te to ha ve the se pro per ti es. Be si des, this
study is the first study that uses a he mos ta tic agent
as an ex pe ri men tal to ol for de ter mi ning the he a -
ling ef fect in the ex trac ti on soc ket. 

An ka ferd blo od stop per® (ABS) is a stan dar di -
zed her bal ex tract, which has be en ap pro ved in the
ma na ge ment of post-sur gi cal ex ter nal ble e ding and
den tal sur gery in Tur key.15 ABS is ob ta i ned from
fi ve dif fe rent plants na mely Thymus vul ga ris, Gly-
cyrrhi za glab ra, Vi tis vi ni fe ra, Al pi ni a of fi ci na rum
and Ur ti ca di o i ca. ABS, as a to pi cal he mos ta tic
agent, has be en ap pro ved for the cli ni cal ma na ge -
ment of ble e ding.15 ABS Pha se III stu di es we re per-
for med in vas cu lar port in ser ti on ble e ding, an te ri or
epis ta xis, oral ca vity ble e dings of chil dren with he-
morr ha gic di at he sis, va ri o us den tal pro ce du res and
post-ton sil lec tomy he morr ha ges.16-19 The ba sic
mec ha nism of ac ti on for ABS is the for ma ti on of an
en cap su la ted pro te in net work that pro vi des fo cal
at tach ment po ints for very ra pid (<1 sec) vi tal ery-
t hrocy te ag gre ga ti on. ABS-in du ced pro te in net-
work with blo od cells, par ti cu larly eryt hrocy tes,
co vers the pri mary and se con dary he mos ta tic sys-
tem wit ho ut dis tur bing in di vi du al co a gu la ti on fac-
tors.15,20,21 Be si des its he mos ta tic ac ti vity, ABS may
al so in hi bit the growth of bac te ri a.22 The wo und
he a ling ef fect of ABS was bri efly in ves ti ga ted by
Gul et al.23 In this study, ABS’s mec ha nism of ac ti -
on was not re por ted, but the be ne fi ci al ef fect of the
drug was men ti o ned for bo ne he a ling. 

The aim of this pa per was to test the ef fects of
ABS on the early soft tis su e wo und he a ling pro cess
in a rat ex trac ti on soc ket ex pe ri men tal mo del. In
or der to de ter mi ne the ef fect of ABS on early soft
tis su e he a ling pro cess, the im mu no his toc he mi cal
mar kers re la ted to the mo le cu les and ex tra cel lu lar
mat rix (ECM) com po nents ha ving ro les du ring he -
a ling pro ce du re; [col la gen type 1, col la gen type 3,
α-smo oth musc le ac tin (α-SMA), fib ro nec tin (FN),
β-2-mic rog lo bu lin (β2M), vas cu lar en dot he li al
growth fac tor (VEGF), cyclo oxy ge na se-2 (COX-2)
and mo no nuc le ar pha gocy te mar ker] we re as ses -
sed. Elu ci da ti on of the exact’s ‘mec ha nism of ac ti -
o n‘ as “ABS-in du ced wo und he a lin g” may ex pand
its cli ni cal usa ge.
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MA TE RI AL AND MET HODS

ANI MAL MO DEL

Twenty lo cally bred fe ma le al bi no rats (Rat tus nor -
ve gi cus) we ig hing 300–340 g we re used in the pre s-
ent study. The ex pe ri men tal pro to col for the use of
ani mals was ap pro ved by the Ins ti tu ti o nal Ani mal
Ca re Com mit te e (B.30.2.HAC.0.01.00. 05/120).
Rats we re ran domly as sig ned in to 4 gro ups (n=5)
ac cor ding to sac ri fi cing pe ri od (1, 2, 4 and 7th days).
Rats we re anest he ti zed with a mix tu re of xyla zi ne
(Rom pun, 2% so lu ti on, Ba yer, Ger many) and ke ta -
mi ne hydroch lo ri de (Ke ta lar, 30 mg/kg, Par ke Da -
vis, Tur key). The ra ti o of xyla zi ne and ke ta mi ne
hydroch lo ri de in the mix tu re was 3:1. Right and
left ma xil lary mo lars we re ex trac ted. On the right
si de, ABS was app li ed at a do se of 0.2 mL on each
soc ket, and the left si de was used as the con trol. Ex-
trac ti on si tes we re not su tu red. The ma xil la e of the
ani mals we re re mo ved with the at tac hed gin gi val
tis su e, and se pa ra ted in to two pi e ces as the con trol
and the ABS si te. 

IM MU NO HIS TO LO GI CAL EVA LU A TI ON

For his to logy and im mu no his to logy, fresh gin gi val
samp les we re sur gi cally re mo ved, im me di a tely fro -
zen in li qu id nit ro gen, and kept in it un til cryos tat
sec ti o ning. Con ven ti o nal his to lo gi cal exa mi na ti on
was per for med on 6-8 mic ro me ter-thick cryo-sec -
ti ons that we re sta i ned with meth yle ne blu e to eva -
lu a te wo und si te pri or to im mu ne la be ling.
Im mu no his to lo gi cal pro ce du re used in this study
was des cri bed in de ta il pre vi o usly.24,25 In bri ef, 6-8

mic ro me ter thick sec ti ons on poly-L-lysi ne co a -
ted sli des we re fi xed in ace to ne, and air-dri ed.
An ti-mo u se, an ti-rab bit and an ti-go at HRP-DAB
sta i ning kit (Tab le 1) was used ac cor ding to ma n-
u fac tu rers’ pro to col. Uns pe ci fic bin ding was bloc -
ked by rat se rum. Sec ti ons we re in cu ba ted in a
hu mi di fi ed cham ber for an ho ur with mo noc lo nal
an ti bo di es, which are lis ted in Tab le 1. Af ter was -
hing in 0.01 M phosp ha te buf fe red sa li ne (PBS) at
pH 7.4, the sec ti ons we re in cu ba ted with bi o tiny -
la ted an ti-mo u se, an ti-rab bit or an ti-go at se con -
dary an ti bo di es. Af ter rin sing in PBS, sli des we re
co ve red with HSS-HRP for 30 mi nu tes at the ro om
tem pe ra tu re. The sec ti ons we re was hed with PBS,
and in cu ba ted with 3.3’-di a mi no ben zi di ne-tet -
rahy droch lo ri de (DAB) for 2 mi nu tes ac cor ding to
supp li ers’ writ ten steps. Af ter was hing with tap wa -
ter, sec ti ons we re sta i ned with Ma yer’s he ma toxy -
lin and dehy dra ted thro ugh gra ded al co hols and
cle a red in xyle ne pri or to mo un ting with en tel lan
(Merck, Ger many). All an ti bo di es we re di lu ted in
a back gro und re du cing buf fer so lu ti on in 0.05 M
TrisHCl con ta i ning 0.1% twe en 20 (#S3022, Da ko,
USA). Ne ga ti ve con trol sta i ning was per for med by
omit ting the ini ti al pri mary an ti body sta i ning step
and using a con trol mo u se Ig G. Po si ti ve con trol
sta i ning was per for med by using ap prop ri a te con-
trol tis su e samp les pro vi ded by the ma nu fac tu rer.
All sec ti ons we re exa mi ned and the di gi tal ima ges
we re cap tu red by using Le i ca DM6000B mic ros co -
pe with a DC490 di gi tal ca me ra (Le i ca, Wetz lar-
Ger many). Qu an ti ta ti ve ima ge analy sis was car ri ed
out for col la gen type 1, col la gen type 3, α-SMA,

Antibody Clone Isotype Catalog Number Source Dilution

Collagen1 na Polyclonal IgG 2150-1908 AbD Serotec 1:20

Collagen III na Polyclonal IgG 2150-1950 AbD Serotec 1:250

α-SMA 1A4 Mouse IgG2a MCA 1905 AbD Serotec 1:20

β2M TLD-3H12B Mouse IgG1 MCA1740 AbD Serotec 1:10

FN EP5 Mouse IgG1 SC-8422 Santa Cruz 1:10

Cox-2 N-20 Goat IgG Sc-1746 Santa Cruz 1:10

VEGF NSO- Goat IgG AF564 R&D Syst. 1:10

Mononuclear phagocyte 1C7 Mouse IgG1,  550305 BD Pharmingen 1:20

TABLE 1: Antibodies that are used for wound healing study.

α-SMA: α-smooth muscle actin; β2M: β-2-microglobulin; FN: Fibronectin; COX-2: Cyclooxygenase-2; VEGF: Vascular endothelial growth factor.
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FN, β2M, VEGF, COX-2 and mo no nuc le ar pha go-
cy te mar ker im mu no re ac ti vity by using Le i ca Ap-
p li ca ti on Su it and Qwin Plus com pu ter ima ge
analy sis system (Ger many) af ter mo dif ying the
tech ni qu e in the li te ra tu re.24,25 Ma xi mum sta i ning
in ten sity was de ter mi ned from the po si ti ve con trol
tis su e sec ti ons by using the ima ge analy sis system.
Ac cor dingly, each sec ti on was gra ded for cel lu lar
im mu ne re ac ti on on a sca le of 0 to +++ with DAB.
0 was gi ven to no im mu ne re ac ti vity, + to we ak but
con ti nu o us re ac ti vity, ++ for mo de ra te but con ti -
nu o us re ac ti vity and +++ to in ten se but con ti nu o -
us im mu ne sta i ning. The num ber of i-po si ti ve cells
was ex pres sed as a per cen ta ge of po si ti ve cells over
to tal cells at 200x mag ni fi ca ti on. In every spe ci -
men, the ave ra ge of scre e ned 3 non-over lap ping fi -
elds was re por ted. Sta i ning in ten sity was com bi ned
with the per cen ta ge of sta i ned cells by using the
HSCO RE that was cal cu la ted with the fol lo wing
equ a ti on: H sco re=Σρ (i+1), whe re i=in ten sity of
sta i ning with a va lu e of (1 for +), (2 for ++) or (3 for
+++) and ρ is the per cen ta ge of po si ti ve cells sta i ned
with each in ten sity (var ying bet we en 0-100). Σ:The
sum of sta i ned cells at dif fe rent in ten si ti es.

STA TIS TI CAL ANALY SIS

The nor ma lity of dis tri bu ti on was analy zed using
the Sha pi ro-Wilk test. Sin ce the nor mal dis tri bu ti -
on as sump ti on was not sa tis fi ed, the im mu no his to -
lo gic da ta we re analy zed using non pa ra met ric tests.
Des crip ti ve sta tis tics we re ex pres sed as me di an, mi -
ni mum and ma xi mum. Krus kal Wal lis test was
used for com pa ri son of 4 gro ups ac cor ding to sac ri -
fi cing pe ri od (1, 2, 4 and 7th days) and Dunn test
was used as the post-hoc test. Wil co xon sig ned
ranks test was used to com pa re the ABS and con trol
gro up (right and left si de of the ma xil la, res pec ti -
vely) on each sac ri fi cing ti me. p<0.05 was con si de -
red as sta tis ti cally sig ni fi cant.

RE SULTS

Col la gen type 1 ex hi bi ted a strong and dif fu se dis-
tri bu ti on pat tern wit hin the mat rix of the hard and
soft tis su es from day 1 to day 7 in both con trol and
ABS gro ups. On day 1, im me di a tely af ter to oth ex-
trac ti on, col la gen type 1 im mu ne re ac ti vity was

mostly ob ser ved at the de e per mu co sa ad ja cent to
the ex trac ti on si tes. From day 4 to 7, it shif ted to
the up per por ti on, in to the gra nu la ti on tis su e. The
im mu ne re ac ti vity of col la gen type 1 was sig ni fi -
cantly in cre a sed in both gro ups in ti me un til day 7
(pcon trol=0.08, pABS=0.001). Col la gen type 1 sco res
we re sig ni fi cantly lo wer in ABS gro up com pa red to
the con trol gro up on day 1 (p1=0.043) (Fi gu res 1, 2)
(Tab le 2). 

Col la gen type 3 sho wed a uni form dis tri bu ti on
pat tern at the ba se of the soc ket, on the pe ri os te al
sur fa ce, from day 1 to 7 in both gro ups. The gra nu -
la ti on tis su e ex hi bi ted a sig ni fi cantly in cre a sing im-
mu ne re ac ti on for col la gen type 3 in ti me for
con trol gro up un til se venth day (pcon trol=0.03). Col-
la gen type 3 sco res we re sig ni fi cantly hig her in
ABS gro up com pa red to the con trol gro up on days
1,2 and 4 af ter to oth ex trac ti on (p1,2=0.043,
p4=0,042) (Fi gu res 1, 2) (Tab le 2).  

α-SMA im mu ne re ac ti vity was sig ni fi cantly
hig her in ABS gro up com pa red to the con trol on
days 2 and 7 (p2,7=0.043). Few fib rob las tic cells ex-
pres sed α-SMA on the first day, af ter to oth ex trac -
ti on. The H sco res sig ni fi cantly in cre a sed in ti me
un til day 7 (pcon trol=0.002, pABS=0.001). (Fi gu re 2,
3) (Tab le 2).  

From the first day af ter to oth ex trac ti on, FN
was wi dely ex pres sed wit hin the soc ket, and con-
nec ti ve tis su e mat rix whe re col la gen has be en de-
g ra ded. The pro vi si o nal mat rix con sis ted of fib rin
and the newly for ming gra nu lar col la gen fi bers at
the ini ti al pha se of he a ling. This mat rix strongly
ex pres sed FN from day 1 to 4. The FN im mu ne re-
ac ti on was sig ni fi cantly hig her in ABS gro up at all
days when com pa red to the con trol gro up
(p1,2,4,7=0.043) (Fi gu res 2, 3) (Tab le 2). 

β2M,,  as com po nent of ma jor his to com pa ti bi -
lity comp lex class 1 (MHC 1) mo le cu le, was ex-
pres sed by se ve ral mo no nuc le ar cells wit hin the
gra nu la ti on tis su e; and the sco res sig ni fi cantly in-
cre a sed in ti me in both gro ups (pcon trol=0.003,
pABS=0.039). β2M im mu ne re ac ti vity aug men ted
with ABS on days 1, 2 and 4 when com pa red to
the con trol gro up (p1,2,4=0.043) (Fi gu res 2, 4)
(Tab le 2).  
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En dot he li al cells, so me ke ra ti nocy tes, pla te -
lets, poly morp ho nuc le ar le u kocy tes, mac rop ha ges
and the fib rob lasts ex pres sed VEGF at dif fe rent in-
ten si ti es wit hin the gra nu la ti on tis su e. VEGF im-
mu ne re ac ti on was sig ni fi cantly aug men ted in ABS
gro up (pABS=0.023). The H sco res we re sig ni fi -
cantly hig her in ABS gro up when com pa red to the
con trol gro up on days 2, 4 and 7 (p2,4,7=0.043) (Fi -
gu re 2, 4) (Tab le 2).  

Mo no nuc le ar and so me fib rob las tic cells ta k-
ing part in the gra nu la ti on tis su e ex pres sed COX-2.
The im mu ne re ac ti vity sig ni fi cantly aug men ted in
ti me from day 1 to day 7 in ABS gro up (p=0.014). H
sco res sig ni fi cantly in cre a sed in ABS gro up on day
2 when com pa red to the con trol gro up (p2=0.043)
(Fi gu res 2, 5) (Tab le 2).  

When mo no nuc le ar pha gocy te mar ker is ta -
ken in to ac co unt, im mu ne re ac ti on analy sis re ve a -
led pre sen ce of in cre a sing num bers of mac rop ha ges
in ti me (from day 1 to day 7) in both the con trol
and ABS gro ups (pcon trol=0.001, pABS=0.001). The
gra nu la ti on tis su e in va si on and mac rop ha ge in fil -
tra ti on we re mo re pro mi nent in ABS gro up when

FIGURE 1: The first, second, third and the fourth rows show the micrographs of collagen type I and type III immunolabeled samples taken on days 1, 2, 4 and 7. Brown
cell and matrix elements are positively labeled with collagen type I or III, by using DAB as chromogen. The nuclei appear purple with hematoxylin (x200).
(See color figure at http://www.turkiyeklinikleri.com/journal/tip-bilimleri-dergisi/1300-0292/)

FIGURE 2: Median (minimum-maximum) values of immunohistochemical
markers for control and ABS groups.
(See color figure at http://www.turkiyeklinikleri.com/journal/tip-bilimleri-dergisi/1300-0292/)
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com pa red to the con trols by day 1, 4 and 7
(p1,4,7=0.043) (Fi gu res 2,5) (Tab le 2).

The des crip ti ve sta tis tics of the im mu no his to -
lo gi cal analy sis are gi ven in Fi gu re 2 and Tab le 2. 

DIS CUS SI ON

The early steps (clot ting, inf lam ma ti on, pro li fe ra -
ti on, ma tu ra ti on) of a sur gi cal wo und he a ling we -
re ob ser ved his to pat ho lo gi cally in this study
(Fi gu res 1,3-5). Sta tis ti cally sig ni fi cant in cre a ses
we re de ter mi ned in the re ac ti vity of the im mu no -
his toc he mi cal mar kers in the ABS gro up at va ri o us
ti mes when com pa red to the con trol gro up. Ta king
the in cre a sed re ac ti vity of the im mu no his toc he mi -
cal mar kers in to con si de ra ti on, ABS se ems to ac ce -
le ra te early wo und he a ling at the soft tis su es. 

The col la gen fa mily of pro te ins plays a do mi -
nant ro le in ma in ta i ning the in teg rity of va ri o us tis-
su es.26 Type I col la gen is the ma in pro te in in
gin gi val tis su e. Col la gen plays an im por tant ro le in
con nec ti ve tis su e he a ling by pro vi ding tis su e
strength and an ECM fra me work for cell ad he si on
and mig ra ti on.27 Both col la gen type 1 and 3 in cre -
a sed in ABS gro up mo re com pa red to the con trol
gro up es pe ci ally in the de ep por ti on of the soc kets.
Ho we ver, the dif fe ren ce in col la gen type 1 im mu -
ne re ac ti vity, which is mostly ob ser ved in the la te
ti me of tis su e he a ling, was sta tis ti cally sig ni fi cant
only on day 1 and the amo unt dec re a sed in ABS
gro up. Be si des, dif fe ren ce in im mu ne re ac ti on of
col la gen type 3, which is pro du ced qu ickly by yo -
ung fib rob lasts, was sta tis ti cally sig ni fi cant. In cre -
a sing amo unt of col la gen type 3 in ABS gro up may
be con si de red as im pro ved early he a ling pha se of
the wo und. This si tu a ti on may al so in cre a se the
strength of the con nec ti ve tis su e which may spe ed
up he a ling ti me. In or der to as sess the po ten ti al ef-
fect of ABS over col la gen type 1, long term stu di es
sho uld be do ne. 

Smo oth musc le cells and myo fib rob lasts sha re
the ex pres si on of α-SMA and its ex pres si on is fre-
qu ently used to dis cri mi na te myo fib rob lasts from
fib rob lasts and pro to fib rob lasts.26 This mar ker may
al so ref lect the myo fib rob last num ber in the wo -
und are a. Hinz et al. des cri bed the se myo fib rob lasts

Control ABS

Day Median (Min-Max) Median (Min-Max) p*

Collagen 1 1 118 (68-204)a 82 (46-112)a,b 0.043

2 128 (74-210) 198 (122-244) 0.345

4 220 (146-304) 304 (204-376)a 0.068

7 290 (204-346)a 330 (284-396)b 0.080

p 0.008 0.001

Collagen 3 1 126 (116-144)a,b 204 (188-256) 0.043

2 202 (146-254) 302 (210-320) 0.043

4 288 (184-302)a 330 (214-354) 0.042

7 302 (220-336)b 332 (124-386) 0.686

p 0.003 0.061

α-SMA 1 28 (18-54)a 26 (14-46)a 0.893

2 58 (36-80) 102 (78-186) 0.043

4 104 (58-132) 116 (98-202) 0.144

7 146 (84-204)a 242 (196-336)a 0.043

p 0.002 0.001

FN 1 84 (34-210) 146 (78-302) 0.043

2 102 (56-124) 262 (232-302) 0.043

4 124 (58-234) 302 (256-332) 0.043

7 114 (98-142) 186 (122-338) 0.043

p 0.289 0.124

β2M 1 36 (22-84)a 112 (34-142) 0.043

2 46 (38-84)b 112 (68-159) 0.043

4 84 (52-116) 184 (110-194) 0.043

7 134 (112-204)a,b 156 (124-258) 0.345

p 0.003 0.039

VEGF 1 94 (54-204) 146 (108-168)a 0.500

2 132 (68-176) 226 (204-278) 0.043

4 134 (106-203) 196 (188-258) 0.043

7 94 (56-204) 168 (96-288)a 0.043

p 0.878 0.023

Cox-2 1 34 (18-104) 36 (16-54)a 0.686

2 64 (46-84) 112 (104-124) 0.043

4 82 (32-102) 112 (86-174) 0.080

7 64 (16-174) 184 (54-224)a 0.138

p 0.738 0.014

mph 1 30 (16-48)a,b 67 (26-112)a,b 0.043

2 104 (68-165) 174 (36-204)c 0.343

4 236 (118-306)a 334 (274-382)a 0.043

7 273 (210-336)b 368 (346-382)b,c 0.043

p 0.001 0.001

TABLE 2: Median (minimum-maximum) and p values of
the control and ABS groups. 

α-SMA: α-smooth muscle actin; β2M: β-2-microglobulin; FN: Fibronectin; COX-2: Cy-
clooxygenase-2; VEGF: Vascular endothelial growth factor; mph: Mononuclear phagocyte.
p*: p for Wilcoxon signed ranks test 
a, b, c: Same letter represents significant difference (p<0.05) according to post-hoc Dunn
test. 
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FIGURE 3: The first, second, third and the fourth rows show the micrographs of α-SMA and FN immunolabeled samples on days 1, 2, 4 and 7. Brown cells/ma-
trix elements are positively labeled with α-SMA or FN, by using DAB as chromogen. The nuclei appear purple with hematoxylin. The P inset is the 400x magni-
fied picture presenting the net-like blood stopper (x200).
(See color figure at http://www.turkiyeklinikleri.com/journal/tip-bilimleri-dergisi/1300-0292/)

FIGURE 4: The first, second, third and the fourth rows show the micrographs of β2M and VEGF immunolabeled samples on days 1, 2, 4 and 7. Brown cells/ma-
trix elements are positively labeled with β2M or VEGF, by using DAB as chromogen. The nuclei appear purple with hematoxylin (x200).
(See color figure at http://www.turkiyeklinikleri.com/journal/tip-bilimleri-dergisi/1300-0292/)
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as the key fac tor in adult wo und he a ling by me di -
a ting the de po si ti on of ECM and its con trac ti on du -
ring wo und re pa ir.28 Ad di ti o nally it is known that,
con trac ti on of fib rob lasts in cer ta in con nec ti ve tis-
su es plays a cri ti cal ro le in the clo su re of skin wo -
unds du ring he a ling.29-32 Sta tis ti cally sig ni fi cant
in cre a se of α-SMA in ABS gro up rep re sents an ac-
ce le ra ting ac ti on for wo und he a ling, ref lec ting in-
cre a sed tis su e con trac ti on which re sults in
dec re a sed are a of the wo und. ABS ef fect over α–
SMA se pa ra tely may be the most im por tant po int
for ABS’ mo de of ac ti on in ac ce le ra ting the wo und
he a ling ra te by dec re a sing the wo und are a. 

Du ring the re pa ir and re mo de ling pro cess, FN
ex pres si on is up re gu la ted, and lo cally pro du ced cel-
lu lar FN is a pri mary com po nent of the gra nu la ti -
on tis su e that rep la ces the pro vi si o nal mat rix. FN
mat rix de po si ti on and tur no ver are par ti cu larly dy-
na mic at si tes of tis su e in jury.33 FN me di a tes a wi -
de va ri ety of cel lu lar in te rac ti ons with the ECM,

and plays im por tant ro les in cell ad he si on, mig ra -
ti on, growth and dif fe ren ti a ti on.34,35 Hynes re por -
ted FN as an im por tant ECM glycop ro te in
thro ug ho ut wo und re pa ir.36 FN was sta tis ti cally sig-
ni fi cantly in cre a sed on all days (1,2,4,7) when com-
pa red to the con trol gro up in the pre sent study.
This re sult can be an evi den ce for the ABS’s ac ce -
le ra ting ef fect on wo und he a ling. 

Fer ra ra in di ca ted VEGF as an im por tant
growth fac tor, which pla yed an im por tant ro le in
new blo od ves sel for ma ti on.37 The re are stu di es
abo ut wo und he a ling with or wit ho ut VEGF. Ros -
si ter et al. fo und de lay of full-thick ness skin wo -
und he a ling in VEGF-de fi ci ent mi ce.38 Ga li a no et
al. stu di ed VEGF over di a be tic wo und he a ling and
fo und that to pi cal app li ca ti on of VEGF sti mu la ted
di a be tic wo und he a ling thro ugh in cre a sed an gi o -
ge ne sis.39 Sta tis ti cally sig ni fi cant in cre a se of VEGF
in ABS gro up on days 2,4 and 7 de mons tra tes the
early an gi o ge ne tic sti mu la tory ef fect of ABS. In cre -

FIGURE 5: The first, second, third and the fourth rows show micrographs of COX 2 and mononuclear phagocytic marker immunolabeled samples on days 1, 2,
4 and 7. Brown cells are positively labeled with COX 2 or mononuclear phagocytic marker, by using DAB as chromogen. The nuclei appear purple with hema-
toxylin. Note the increase of phagocytic cells inA-L and P (x200).
(See color figure at http://www.turkiyeklinikleri.com/journal/tip-bilimleri-dergisi/1300-0292/)
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a sed new blo od ves sel for ma ti on will na tu rally
ame li o ra te nut ri ti on of the wo und are a.  

β2M is a small (1 2 kDa) poly pep ti de that is fo -
und in se rum and, mo re im por tantly, in tight as so -
ci a ti on with the MHC 1 he avy cha in on the sur fa ce
of ne arly all nuc le a ted cells.40 ABS gro up had a sta-
tis ti cally sig ni fi cant in cre a sed β2M le vel on days
1,2 and 4. This re sult can be eva lu a ted as in cre a sed
im mu ne res pon se for wo und he a ling. This re sult
must be eva lu a ted in com bi na ti on with the ot her
im mu no his to lo gi cal pa ra me ters which we re used
in this study for ABS using be ne fit in the wo und
he a ling pro cess.  

Mac rop ha ges ap pe ar to play an im por tant ro -
le in orc hes tra ting the re pa ir pro cess. The ac cu mu -
la ti on of ac ti va ted mac rop ha ges in to he a ling
wo unds re sults in en han ced wo und re pa ir, and ac-
ti va ti on of wo und mac rop ha ges by eit her syste mic
or to pi cal ad mi nis tra ti on of the mac rop ha ge sti m-
u lants ca u ses sig ni fi cantly in cre a sed wo und-bre a -
king strength.41,42 In the early pha se of wo und
he a ling, mac rop ha ges re le a se cyto ki nes that pro-
mo te the inf lam ma tory res pon se by rec ru i ting and
ac ti va ting ad di ti o nal le u kocy tes.43 ABS gro up sho -
wed a sta tis ti cally sig ni fi cant in cre a se in mac rop -
ha ge num ber on days 1, 4 and 7. In cre a sed amo unt
of mac rop ha ges may in di ca te a pos sib le mild tis su -
e re ac ti on for the ABS. When eva lu a ted ove rall, the
rec ru it ment of the pha gocy tic cells in to the gra nu -
la ti on tis su e in or der to or ga ni ze the tis su e re mo -
de ling pro cess af fects the wo und he a ling po si ti vely. 

COX-2 is in du ced by cyto ki nes in inf lam ma -
tory cells such as mac rop ha ges and mo nocy tes in
tis su e, at lo ca li zed si tes of in jury. It is wi dely ac-

cep ted that COX-2 plays a key ro le in me di a ting
pa in and inf lam ma ti on in res pon se to tis su e da ma -
ge and in a va ri ety of di se a se sta tes.44 COX-2 acts
in both the ini ti a ti on of the inf lam ma tory res pon -
se and the re so lu ti on pha se of inf lam ma ti on.45 The -
re are stu di es that are as so ci a ted with de la yed
wo und he a ling in COX-2 in hi bi ted systems.46,47 In-
cre a sed amo unt of COX-2 le vel in ABS gro up may
in di ca te the in cre a sed inf lam ma ti on. An im por tant
po int is whet her this inf lam ma ti on ra te will de lay
or ac ce le ra te the wo und he a ling. Con si de ring the
abo ve fin dings, ABS se ems to in cre a se the inf lam -
ma tory res pon se which may re sult in the qu ick re s-
o lu ti on of inf lam ma tory pha se and in cre a se of
ove rall he a ling ra te.   

Ba sed on the re sults of this im mu no his to lo gi -
cal study, ABS en han ced the ac cu mu la ti on and bi-
o lo gi cal ac ti ons of cri ti cal mo le cu les rep re sen ting
the es sen ti al sig nals of early wo und he a ling. Up-
re gu la ted mo le cu lar res pon ses as so ci a ted with to -
pi cal ABS ad mi nis tra ti on can be as cri bed to
ABS-in du ced ac ce le ra ti on in the he a ling ra te at
the early pha se of the comp li ca ted wo und he a ling
pro cess. The wo und he a ling abi lity of ABS, as con-
c lu ded in this study, may open new ave nu es to ex-
pand its the ra pe u tic po ten ti als. In or der to
conc lu de ABS’s ef fect over he a ling, long term stu -
di es sho wing comp le te soft and hard tis su e he a ling
sho uld be ac comp lis hed.
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