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ABSTRACT

Objectives: This in vivo study aims to investigate the effects
of Ankaferd Blood Stopper® (ABS) which is a recently
developed topical hemostatic agent on tendon healing using a
rat Achilles tendon injury model.

Materials and methods: Twelve male Wistar-Albino rats
were used in the study. Right legs of the rats were assigned
as the study group, and left legs were assigned as the
control group. Under anesthesia, bilateral Achilles tendon
injuries were created and repaired surgically. To the surgical
sites, 1 mL of ABS for the right side and 1 mL of serum
physiologic solution for the left side were applied. Animals
were euthanized on the 21% postoperative day, and tendon
samples were collected from the extremities. Histological
analyses were performed according to the semiquantitative
tendon scoring system (Bonar Scale).

Results: Total tendon healing scores were significantly
poorer in the study group compared to the control group.
Although there were no significant differences between the
groups in terms of tenocyte morphology, degree of ground
substance staining, and vascularity, the collagen morphology
scores were significantly poorer in the study group.

Conclusion: In our study, application of ABS had
histologically negative effect on tendon healing in rats.
However, further biomechanical and immune histochemical
studies are required to support these results.

Keywords: Achilles tendon; Ankaferd Blood Stopper; hemorrhage;
hemostasis; tendon injuries.

oz

Amagc: Bu in vivo caligmada yeni gelistirilen topikal bir
hemostatik ajan olan Ankaferd Kanama Durdurucu®nun
(ABS) sican Asil tendon yaralanma modeli kullanilarak
tendon iyilesmesi Uizerine etkileri aragstirildi.

Gerec ve yontemler: Caligmada 12 erkek Wistar-Albino
sican kullanildi. Sicanlarin sag bacaklari ¢aligsma grubu,
sol bacaklar1 kontrol grubu olarak belirlendi. Anestezi
altinda iki tarafli Asil tendon yaralanmalari olusturuldu
ve cerrahi olarak tamir edildi. Cerrahi sahalara sag taraf
icin 1 mL ABS, sol taraf i¢in ise 1 mL serum fizyolojik
solusyonu uygulandi. Hayvanlara ameliyat sonrasi
21. gunde otenazi yapildi ve ekstremitelerden tendon
ornekleri alindi. Histolojik analizler yar: kantitatif
tendon skorlama sistemine (Bonar Siniflamasi) gore
yapildi.

Bulgular: Toplam tendon iyilesmesi skorlari c¢aligma
grubunda kontrol grubuna gore anlamli sekilde kotuydi.
Tenosit morfolojisi, esas madde boyama derecesi ve
vaskiilarite agisindan gruplar arasinda anlamli farklilik
olmasa da kollajen morfolojisi skorlari1 calisma grubunda
anlaml sekilde kotuydu.

Sonug¢: Calismamizda, ABS uygulamas: siganlarda tendon
iyilesmesi uizerinde histolojik olarak olumsuz etkiye sahipti.
Ote yandan, bu sonuglar1 desteklemek i¢in ileri biyomekanik
ve immiunohistokimyasal ¢alismalar gereklidir.

Anahtar sozciikler: Asil tendonu; Ankaferd Kanama Durdurucu;
kanama; hemostaz; tendon yaralanmalari.
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Injuries to tendons are among the most common
injuries to the body." Tendon injuries are not only
responsible for large health care costs, but they also
result in lost work time and individual morbidity.™
For adequate repair, proper visualization of the ends
of the injured tendons and avoiding the postoperative
adhesions and the bleeding are necessary. Although
tourniquets are used during tendon repairs, surgery
time can sometimes be longer than two hours
due to multiple tendon injuries, additional nerve,
vascular and bone procedures which may prevent
safe usage of the tourniquets. Also, during the
postoperative period, bleeding in surgical site may
cause hematoma and prolonged drainage which may
lead to patient discomfort. Moreover, tourniquets are
not effective for some surgical sites such as proximal
biceps and proximal rectus femoris.

In vitro and in vivo studies have reported about
different hemostatic agents that are commonly used
for the management of hemorrhage.? The effects of
hemostatic agents on different soft tissues for wound
healing are still being investigated.

Ankaferd Blood Stopper® (ABS) (Ankaferd
[lag Kozmetik A.S, Istanbul, Turkey) is a recently
developed topical hemostatic agent that has been
approved in the management of external hemorrhage
by the Ministry of Health in Turkey.! In the late
2000s, Turkish physicians standardized ABS as a
modern hemostatic agent by making known its
pharmacodynamics and molecular mechanisms.?57!
Ankaferd Blood Stopper® has been shown to have
hemostatic and regenerative proliferation effects in
studies conducted in vivo and in vitro.®! Ankaferd
Blood Stopper® stimulates the construction of a
protein network with an alternative pathway via
affecting cellular mechanisms.® Ankaferd Blood
Stopper®-induced formation of the protein network
with vital erythroid aggregation covers the entire
physiological hemostatic process.™!

Studies were reported in the literature about
the effects of ABS on wound healing in different
kinds of tissues such as bone, liver, esophagus, and
dermal wound injuries.>3! No negative effects on
wound healing have been reported. Still, there is
a lack of information about the effects of ABS on
tendon healing. Therefore, in this study, we aimed
to investigate the effects of ABS on tendon healing
using a rat Achilles tendon injury model.

MATERIALS AND METHODS

Twelve male Wistar-Albino rats weighing a mean
of 410 g (400 g - 425 g) were used in this study.
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The experimental design and all procedures were
approved by the Selguk University Animal Research
and Ethics Committee, and the experimental animals
were obtained from the Laboratory of Experimental
Animals, Selcuk University, Konya, Turkey.

A well-known rat tendon injury model was
used for this study.* The right legs of the rats
were assigned as the study group (ABS), and
the left legs were assigned as the control group
(0.9% NaCl). Operations were conducted under
general anesthesia with intraperitoneal injection of
ketamine 50 mg/kg (Ketalar; Eczacibasi, Istanbul,
Turkey) and xylazine hydrochloride 10 mg/kg
(Rompun; Bayer, Leverkusen, Germany). Bilaterally,
the lower limbs were shaved and disinfected using
povidone-iodine, and surgery was performed under
sterile conditions. After extremity preparation, a
posterior midline incision was made to expose the
Achilles tendon. Bilateral Achilles and plantaris
tendons were exposed and tenotomised with no.
15 scalpels at approximately 5 mm proximal to the
insertion to the calcaneus. One mL of ABS was
applied to the right legs and 1 mL isotonic NaCl was
applied to the left legs. Dosages were determined
according to a previous experimental study.”] All
tendons were repaired with 4/0 polypropylene
suture (Propilen; Dogsan, Trabzon, Turkey) using
a modified Kessler-type technique (Figure 1).
The surgical wounds were closed primarily with
skin sutures only, which were 3/0 polypropylene
(Propilen, Dogsan, Trabzon, Turkey) monofilament
uninterrupted sutures. No wound dressing or
casting was used after the operations. All rats
were allowed to mobilize freely and were fed
with standard laboratory food and tap water. Rats
were euthanized with an overdose of ketamine
hydrochloride 21 days following the tenotomy.
After that, the Achilles tendons were dissected and
harvested for histological examination.

Histological analyses were performed by an
experienced pathologist who was blinded to the
study conditions. A buffered formalin solution was
used for fixation of the specimens, and the tendons
were embedded in paraffin. Five longitudinal
serial sections, each 5 mm thick, were taken
from the injured site’s “core area” of each tendon.
Hematoxylin and Eosin (H-E) and Alcian blue
staining were performed (Figure 2-5). The samples
were scored according to Bonar histological grading
scale. This classification includes the tenocyte
morphology, tenocyte proliferation, collagen
bundle characteristics, neovascularization, and the
presence or absence of ground substance parameters
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Figure 1. Achilles tendon was repaired with 4/0 polypropylene
suture using a modified Kessler-type technique.

(Table I).78 According to this scale, higher scores
indicate poorer tendon healing.

Statistical analysis

The Mann-Whitney U test was used to evaluate
the differences between the two groups (study
and control). A p value <0.05 was considered to be
statistically significant.

RESULTS

After the scarifications, macroscopically all the
Achilles tendons were fully healed. Total mean
Bonar score was higher in the study group (p=0.001).
When the parameters of the Bonar score were
analyzed separately, only the collagen morphology
revealed significantly superior results in the control
group compared to the study group (0.001). The
other parameters including tenocyte morphology,
ground substance, and vascularity did not show any
significant difference between the two groups.

Figure 2. (a) Microscopic view of control group with well-arranged bundles and muscle cells at left side (two arrows).
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Results of Bonar histological grading scale
are presented in Table II. The collagen variables
scores and total mean Bonar sum-scores revealed
significantly superior results in the control group
compared to the study group (p=0.001 and p=0.001),
respectively.

DISCUSSION

This study suggests that topical ABS application
during tendon repair surgery might affect the
healing process negatively in an animal model. To
our knowledge, no studies have been reported about
the histological effects of ABS on tendon healing.

Among four main parameters used for histological
analyses, results showed significant difference
in terms of collagen morphology. However, this
difference also affected total Bonar score. As ABS
is a novel hemostatic agent, this difference may
be secondary to its limiting effect on hemorrhage.
Inflammation, repair, and remodeling are the main
phases of tendon healing.

Tendon and soft tissue injuries constitute an
important part of orthopedic and plastic surgeons’
daily working activities. Surgical repair of ruptured
tendons needs a proper visualization of the injured
tendons and the surgical site. For proper suturing,
surgeons’ comfort, particularly avoiding bleeding
of the surgical site, should be managed. When
methods such as Compression, suture, electrocautery,
and tourniquets are not effective or cannot be

(b) Microscopic view of study group with hemosiderin-loaded macrophages (arrow) and diminished cell organizations.

(H-E x 100).



Flgure 3 Fewer forelgn body type giant cells and plenty
hemosiderin pigments in an Ankaferd Blood Stopper® applied
rat tendon injury (H-E x 100).

performed for hemostasis in primary wound care, a
hemostatic agent can be helpful. Hemostatics prevent
hemorrhage, decrease the use of systemic coagulants,
help reducing surgical time, and contribute to a
patient’s quick recovery.

Ankaferd Blood Stopper® has been used to
stop hemorrhage in various kinds of injuries, such
as those on skin surfaces, abdominal lacerations
or during dental procedures.*”] Ankaferd Blood
Stopper® is a standardized extract from the following
plants: Glycyrrhiza glabra, Vitis vinifera, Alpinia
officinarum, Urtica dioica, and Thymus vulgaris in
a weight ratio of 9: 8: 7: 6: 5, respectively.*? Alpinia
officinarum has an inhibitory effect on nitric oxide
production by lipopolysaccharide-activated mouse
peritoneal macrophages.? Urtica dioica acts as a
vasodilator via stimulating nitric oxide production
by the endothelium.” Glycyrrhiza glabra inhibits
angiogenesis and decreases vascular endothelial
growth factor production and cytokine-induced
neovascularization by its anti-inflammatory,
anti-thrombin, anti-platelet, anti-oxidant, anti-

atherosclerotic, and anti-tumor activities.”” Thymus

Figure 4. Large amounts of hemosiderin pigment deposition
and foreign body type giant cells (arrow) in an Ankaferd Blood
Stopper® applied tendon healing section (H-E x 400).
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vulgaris has anti-oxidative effects,? and Vitis
vinifera has anti-tumor and anti-atherosclerotic
effects.?>?! The action mechanism of ABS maintains
the formation of an encapsulated protein network,
and this ABS-induced protein network formation
involves the erythrocytes in particular.’

Hemostatic efficacy of ABS was reported in
multiple studies. In a study, the tail tip bleeding
model was used to assess in vivo effect of ABS, which
shortened hemostasis time and reduced amount of
bleeding.?”! Kose et al.®® studied skin bleeding in an
animal model using rats. They demonstrated that
ABS is an effective agent to shorten bleeding time and
amount of bleeding also with heparin treatment. The
hemostatic effects of ABS were reported in detail in
different studies.*'*" Main action mechanism is the
formation of an encapsulated protein network that
provides focal points for erythrocyte aggregation.m

Tendon healing occurs in three overlapping
phases. Any problems during these stages may lead
to delay or failure of the healing process. The first
phase is the inflammatory phase during which the
erythrocytes and inflammatory cells accumulate at
the site of injury. This phase takes approximately
24 hours. During this period, phagocytosis of
necrotic materials occurs by the monocytes and the
macrophages. The second phase is the repair phase
during which the vasoactive and chemotactic factors
are released with increased vascular permeability.
The start of angiogenesis and tenocyte proliferation,
and accumulation of more inflammatory cells take
place during this second phase. Also, tenocytes
begin to migrate to the wound, and type III collagen
synthesis is started. A few days later, the remodeling
phase begins as the synthesis of type III collagen
peaks, which lasts for a few weeks. During the
remodeling stage, the healing tissue is resized
and reshaped with the decrease in cellularity and

Figure 5. Foreign body type giant cells in sectlon of isotonic
NaCl applied rat tendon healing model (H-E x 400).
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TABLE |

Bonar histological grading scale
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Variables

Grade 0

Grade 1

Grade 2

Grade 3

Tenocytes

Ground substance

Collagen

Inconspicuous
elongated spindle-
shaped nuclei with no
obvious cytoplasm
upon light microscopy

No stainable ground
substance

Collagen arranged in
tightly cohesive
well-demarcated

bundles with a smooth

dense bright
homogeneous

Increased roundness:
nucleus becomes
more ovoid to round
in shape without
conspicuous cytoplasm

Stainable mucin
between fibers but
bundles still discrete

Diminished fibers
polarization:
separation of

individual fibers with
maintenance of
demarcated bundles

Increased roundness
and size: nucleus is
round, slightly enlarged
and a small amount of
cytoplasm is visible

Stainable mucin
between fibers with
loss of clear
demarcation of bundles

Bundle changes:
separation of fibers
with loss of
demarcation of
bundles giving rise to
expansion of the

Nucleus is round, large
with abundant
cytoplasm and lacuna
formation (chondroid
change)

Abundant mucin
throughout with
inconspicuous

collagen staining

Marked separation of
fibers with complete
loss of architecture

polarization pattern with
normal crimping

Inconspicuous blood
vessels coursing
between bundles

Vascularity

Occasional cluster of
capillaries, less than
one per 10 high power
fields

tissue overall and
clear loss of normal
polarization pattern

Greater than two
clusters per 10 high
power
fields

1-2 clusters of
capillaries per 10
high power fields

also the collagen and glycosaminoglycan synthesis
occurs.M

According to our results, ABS has negative
effect on tendon healing. Up to date, no study
was reported about the effects of ABS on tendon
healing. But similar studies about the effect of ABS
on dermal wound injuries were performed. Most of
these studies showed negative or ineffective effect
on healing process similarly to our study results.
In a study, Yiice et al.® used experimental skin
incision model in rabbits. They reported that ABS
has negative effect on wound healing in the early
periods while it has no negative effect on healing
in the late periods. They concluded that ABS does
not exert any negative effects on wound healing
as it is a secure and effective method for achieving
hemostasis. In another study on fibroblast culture
model, three hemostatic agents (ABS, fibrin glue,
tranexamic acid) were compared in terms of their
effects on healing. This study showed that all
three hemostatic agents have negative effects on
fibroblasts, with ABS having the lowest values of cell
proliferation, cell number, and cell viability.®” Also,
the efficacy of ABS on healing of dermal wounds
was studied in a rat model, which revealed that
ABS has positive effects on wound healing and
wound contraction percentage. But the time period

for histological examination was 14 days and the
contraction percentages were studied on 3, 7th 10th
and 14" days. To our knowledge, this is the only
study reporting ABS having a positive effect on
wound healing B!

The effects of ABS on different tissues and healing
has been studied previously.>¢!”! Okumus et al.l”
investigated the basic histopathological changes
under a light microscope in deep tissue injuries as
well as remote organs such as brain, heart, kidney,
and liver, when ABS was applied on the punctured
femoral vein region in rats. They reported that ABS
did not lead to any degeneration of regional tissue
and systemic tissues. In the present study, there was

TABLE Il
Histological results according to Bonar histological grading
scale
Parameter Mean score
Right (ABS) Left (Control) P

Tenocytes 0.00 0.583 0.071
Ground substance 2.91 2.91
Collagen 0.91 0.00 0.001*
Vascularity 2.00 2.16 0.480
Total sum score 6.58 4.91 0.001*

ABS: Ankaferd Blood Stopper®.
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no negative effect on tendon healing to the left side
when ABS was applied to the right side; however,
the negative effects on the collagen organization
parameter were detected only in the right side. This
suggests that ABS has no systemic negative effects on
wound healing.

The effects of ABS on bone tissue were also
studied in different animal model studies. Isler et
al.” studied the effects of ABS on bone healing in
rats. They reported that ABS has positive effects
on early bone healing, as well as negative effects
on inflammation and necrosis process, which are
associated with antioxidant effects of ABS. They
also reported that bone defects treated with ABS
were free of inflammation, which is probably
related to the anti-inflammatory activity of ABS.
Simsek et al.’? also studied on rat femoral defect
models for the effects of ABS on bone defects. They
concluded that ABS has an acceleratory effect on
short-term bone healing process; however, its effect
on long-term bone healing process is insignificant.
In another study which was performed to evaluate
radiologic results and serum changes of oxidative
stress markers during fracture healing process with
and without ABS application to bone fracture, it was
shown that ABS was ineffective on fracture healing
in early healing period except for bleeding control.”

Cancan et al”! studied the effects of ABS on
colonic anastomosis. They showed that ABS may
support anastomotic healing in septic conditions.
Also, the topical ABS application controlling the
mucosal bleeding at the cut ends of the colon may
also improve the anastomotic wound healing by
positively affecting the angiogenesis.

As inflammation is an indispensable stage for
successful wound healing, over inflammation may
lead to impaired wound healing due to increased
collagenolysis and delayed reepithelization.”
Theoretically, anti-inflammatory effect of ABS may
inhibit collagenolysis. According to our study, ABS
has a significantly negative effect on collagen bundle
organization and the total Bonar score. These results
may be secondary to the anti-inflammatory effect
of ABS. Our study showed that ABS decreases
collagen bundle organization, which is one of the
indicators of the healing process. However, Cancan
et al.”? showed that topical ABS improves collagen
production, and may support anastomotic healing
in septic conditions in rats. These opposite results
may be secondary to the different aseptic surgical
and aseptic healing conditions that exist between
the studies.
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There are some limitations of our study. First,
there is the lack of biomechanical analyses. Although
histological evaluation is important for tendon
healing process, biomechanical test results are also
important for the evaluation of tendon repairs as the
primary functions of tendons are to transfer loads
and enable movement of the extremities. A second
limitation of this study is the euthanization time.
All of the rats were sacrificed at 21 days following
tenotomy, and the time period of three weeks is
adequate for Achilles tendon healing in rats. But
in some studies, tendon healing process has been
studied for as long as six weeks in rats.l! With this
present study, the stage at which the ABS affects the
healing process is unclear. The euthanization time
may be longer or may be studied with three-week
and a six-week time periods with more animals.
Early and late effects of ABS on tendon healing
process may be better studied by using more animal
groups. The last limitation of this study is about
the histological examination. One of the popular
topics about healing studies is to test the amount of
hydroxiproline in repair tissues. As hydroxiproline
is a marker of collagen, which means better healing
tissue, immunohistochemical investigations to
measure the amount of collagen may be added
for proper histological results. We were unable to
investigate this parameter due to the high cost of
immunohistochemical agents.

In conclusion, ABS may affect collagen fiber
bundle organization negatively, which results
in the inhibition of the entire tendon healing
process. Further studies including biomechanical
and immunohistochemical analysis are needed to
investigate the effects of ABS application on tendon
healing.
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