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Objective. Ankaferd hemostat (ABS; Ankaferd Blood Stopper®) contains standardized plant extracts comprising Alpinia
officinarum, Glycyrrhiza glabra, Thymus vulgaris, Urtica dioica, and Vitis vinifera. ABS especially was recognized for its
hemostatic effect; however, antineoplastic role of ABS was identified during the last decade. The aim of this paper is to review
the molecular basis and associated clinical implications of the ABS as a topical antineoplastic agent. Materials and Methods.
Up to June 2022, literature searches were performed using the internet search engines Medline, Google Scholar, and Embase:
Ankaferd. PRISMA flow diagram described the Ankaferd search. Results. ABS have important effects in several cellular
processes, like control of the cell cycle, apoptosis, angiogenesis, signal transduction, inflammation, immunologic, and metabolic
mechanisms. The molecular basis of antineoplastic roles of ABS depends on its proteomics, metabolomics, and transcriptomics
features. ABS has antineoplastic effects on solid tumors like colon, bladder, breast, and osteosarcoma cancer cells. Also, ABS
effects renal tubular apoptosis and has antitumoral roles on malign melanoma cells. ABS inhibits hematological tumors like
myeloma and lymphoid cells. ABS induces apoptosis in retinal cells and has inhibitory effects on mesenchymal stem cells. It
has an antiproliferative role on gastrointestinal tumors like hepatocellular carcinoma cells. Moreover, ABS has a treatment
supportive role in cancer since it can prevent oxidative DNA damage and decrease the intestinal damage in necrotizing
enterocolitis. Furthermore, it has chemopreventive and hepatoprotective features and can be used for prophylaxis and
treatment of oral mucositis. Conclusion. ABS alters cell metabolism and cell cycle. ABS has antineoplastic role on cancer cells.
The expanding context of ABS compromises anti-infective, antineoplastic, and wound healing features. ABS may also be used
for the palliative, adjuvant, neoadjuvant, or supportive use by interventional radiology procedures for the treatment of solid
tumors. Future controlled studies are necessary to clarify the pleiotropic role of ABS like antineoplastic, antithrombotic, anti-
inflammatory, anti-infective, antifungal, and antioxidative effects.

1. Introduction

Ankaferd hemostat (ABS; Ankaferd Blood Stopper®) con-
tains standardized plant extracts comprising Alpinia offici-
narum, Glycyrrhiza glabra, Thymus vulgaris, Urtica dioica,
and Vitis vinifera [1]. These plant extracts have unique roles
on the endothelium, blood cells, angiogenesis, cell growth,
and cell mediators [2-4]. ABS especially was recognized for
its hemostatic effect. ABS induces the creation of a protein
network that has relationship between ABS and blood pro-
teins, particularly with fibrinogen-gamma. Protein aggluti-
nation and erythroid aggregation are the two main
mechanisms of ABS stimulated protein network. Spectrin,

ankyrin, and actin are unique proteins which are controlled
by ABS throughout erythroid aggregation course [5]. On the
other hand, antineoplastic role of ABS was identified during
the last decade. The aim of this paper is to review the molec-
ular basis and associated clinical implications of the ABS as a
topical antineoplastic agent.

2. Materials and Methods

Up to June 2022, literature searches were performed using
the internet search engines Medline, Google Scholar, and
Embase: Ankaferd. Only articles written in English were
taken in the search. All abstracts were scanned. The studies
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that were found to be methodologically weak and not related
with antineoplastic effects of Ankaferd were excluded.
Articles in full text were assessed for eligibility and qual-
ity.Then, the qualitative synthesis included the following
studies (Figure 1).

3. Molecular Basis of Antineoplastic Roles of
Ankaferd Hemostat: Proteomics,
Metabolomics, and Transcriptomics

ABS increases the level of various types of proteins and fac-
tors acting on cellular effects such as protein-2 (AP2), andro-
gen receptor (AR), cyclic AMP response element or
stimulating transcription factor-1 (CREATF1), cyclic AMP
response element binding protein (CREB), E2F1-5, E2F6,
EGR, interferon- (IFN-) stimulated response element
(ISRE), Myc-Max, nuclear factor-1 (NF-1), protein53
(p53), SMAD?2/3, peroxisome proliferator-activated receptor
(PPAR), and Yin-Yang (YY1). These factors have important
effects in several cellular processes, like control of the cell
cycle, apoptosis, angiogenesis, signal transduction, inflam-
mation, immunologic, and metabolic mechanisms [2].
Apoptosis seems to be the primary mechanism of action
underlying antineoplastic effects of ABS. ABS can stimulate
apoptosis in leukemia cells. Endothelial cell protein C recep-
tor (EPCR) belongs to the activated protein C anticoagulant
pathway. EPCR effect has not been completely clarified in
various cell types where EPCR is known to be present, for
example, hematopoietic cells and cerebral smooth muscle
cells [6]. Protease-activated receptor 1 (PARI) belongs to
proteinase-activated receptor (PARs) family that present in
seven transmembrane G-protein-coupled receptors group
[7]. Stimulated PAR1 controls intracellular signaling by cou-
pling G proteins. ABS modifies PAR] and EPCR expression
in K-562 and Jurkat cells in a time- and dose-dependent
way. The role of PARI and p21 in this apoptotic mechanism
was detected in Jurkat cells. ABS results in apoptosis via con-
trolling PAR1- and p53-independent p21 involvement in
apoptosis stimulation in leukemia cells, related with the con-
centration and duration of the application [8]. PAR1 has
critical roles in hemostasis, inflammation, infection, apopto-
sis, and tumorigenesis. The effects of ABS on PAR-1 in the
human umbilical vein endothelial cell (HUVEC) model
and in relation to the “lipopolysaccharides- (LPS-) chal-
lenge” to endothelium were analyzed in a previous study
[9]. In this study, ABS 10 uL and 100 yL had been given to
HUVEC within the time periods of 5 minutes (min),
25min, 50 min, 6 hours (h), and 24h. The authors found
dose-related reversible PAR1 decrease controlled via ABS
inside the human umbilical vein endothelial cells. ABS-
stimulated continuous PAR1 decreases with LPS. ABS is
suggested as a topical biological response controller by alter-
ing PAR1 at the vascular endothelial and cellular level [9].
ABS has effects on colon cancer cells. The mechanism of
antineoplastic effect of ABS over the Caco-2 colon cancer
cells has been evaluated (Figures 2 and 3) [10]. ABS found
to change glucose, fatty acids, and protein metabolisms.
Also, ABS found to effect the cell cycle machinery. Besides,
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ABS stimulated critical cancer target and suppressor pro-
teins such as carboxyl-terminal hydrolase 1, 60S ribosomal
protein L5, Tumor protein D52-like2, karyopherin alpha 2,
and protein deglycase DJ-1 were identified [10]. ABS has dif-
ferent effects on cancer targets and inhibitory proteins. ABS
alters the cell metabolism and cell cycle in Caco-2 cells.

ABS has effects on renal tubular apoptosis. The effect of
ABS, on renal tubular apoptosis and on expressions of endo-
thelial nitric oxide synthase (eNOS), inducible nitric oxide
synthase (iINOS), and apoptosis protease-activating factor-1
(Apaf-1) in the ipsilateral kidney was investigated [11].
ABS found to have a dual biphasic de novo effects on apo-
ptosis. The challenge of severe hemorrhage in the renal
tubular cellular microenvironment leads to ABS-stimulated
decrease of the apoptotic molecules, suggesting that ABS
can have role as a topical biological response controller.

ABS suggested to be a promising hemostatic agent in
otology. Mucosal trauma stimulated apoptosis in guinea
pig middle ear was investigated by comparing the hemo-
static agents, absorbable gelatin sponge (AGS), microporous
polysaccharide hemospheres (MPH), and ABS [12]. ABS
and AGS groups showed lower epithelial thickness, inflam-
mation, and capillary dilatation than did the control group.
A reduction in Bcl-xl staining was detected in the middle
ears of animals that were given MPH. Caspase 3 expression
increased in the ABS and AGS groups than in the control
group. Light microscopy clarified that ABS and AGS gener-
ate less inflammation and stimulated caspase expression that
likely stimulate inflammatory cell apoptosis [12].

The resistance against chemotherapeutic drugs is a
major problem in therapy of cancer. ABS has suggested to
inhibit the development of melanoma cells, but mechanism
is not yet fully clarified. ABS found to transfer some mela-
noma cell lines such as A2058 more sensitive to etoposide
by changing the genes that have role in oxidative phosphor-
ylation (OXPHOS) pathway [13]. ABS increases the sensitiv-
ity of A2058 against etoposide and has no effect against SK-
MEL-5. The majority of the genes among oxidoreductase
cluster found to take role in oxidative phosphorylation and
electron transport chain [13]. The administration of ABS
before etoposide may stimulate the response of melanoma
cell lines because of the change of OXPHOS genes [13].

The antitumor effect of ABS on the MCF-7 breast cancer
cell line was investigated [14]. The change of the levels of
cancer-associated proteins of MCF-7 is upon application of
ABS. Proteomic analysis clarified that ABS leads to an alter-
ation in the levels of certain proteins including chaperones,
p97, ATP5B, SELENBP1, PDIA6, and RPS10P5 [14]. ABS
target certain proteins that were aberrantly expressed in
breast cancer, especially the ER" subtype [14].

ABS has effects on DNA, and it can prevent oxidative
DNA damage [15]. In a previous study, the role of ABS on
8-hydroxy-2'-deoxyguanosine (8-OHdG), superoxide dis-
mutase (SOD), and myeloperoxidase (MPO) levels over
pleural adhesions in rabbits with pulmonary parenchymal
damage was investigated [15]. The 8-OHdG levels were
found to be lower in the ABS study group, and the differ-
ences between study and control groups were statistically
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F1GUre 1: The PRISMA flow diagram for the Ankaferd search.

significant (p <0.001). The difference of SOD and MPO
levels is not statistically significant between the groups
[15]. The prevention of oxidative DNA damage by ABS
was proven.

ABS effects apoptosis on retinal cells [16]. In a previous
analysis, the cellular apoptotic roles of ABS on rabbit retina
tissues were investigated. ABS was given into the vitreous of
right eye of five rabbits. Oxidative injury, apoptosis, protein
carbonylation, and DNA breakup were analyzed. In the ABS
given eyes, sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis pattern of protein bands was stimulated; how-
ever, the other bands were decreased. Apoptosis was
postponed, clarified by the morphological methods and cas-
pase activity in the ABS administrated eyes. ABS stimulates
protein carbonyle generation and DNA breakup were
showed in the rabbit retina [16]. ABS showed to have an
important role on apoptosis. ABS-related reductions of apo-
ptosis in the retinal microenvironment showed that ABS
may have a role as a topical biological response controller.

The antioxidant and antimutagenic features of ABS were
investigated in a previous study [17]. The antioxidant effects

were investigated using  2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical-scavenging and f-carotene-linoleic acid
tests. The antimutagenic role was detected using the Ames
Salmonella/microsome mutagenicity test with the bacterial
mutant strains Salmonella typhimurium TA98 and TA100.
ABS showed no free-radical-scavenging effects in DPPH
assays at the analyzed concentrations; however, f-caro-
tene-linoleic acid analysis revealed that ABS has total antiox-
idant activity rate of 47.06 + 4.41%. Antimutagenic activity
was found on TA100 at plate concentrations of 5%, 0.5%,
and 0.05%, and on TA98 only at a plate concentration of
5%. ABS was proven to have antioxidant and antimutagenic
features [17].

The proteomics, metabolomics, and transcriptomic of
ABS are important to understand the molecular basis of
antineoplastic effects of ABS. ABS has showed several pleio-
tropic roles, like antineoplastic and antimicrobial effects and
tissue-healing features. Ankaferd’s individual ingredients
were clarified by the proteomic and chemical tests. ABS
stimulates transcription of some transcription factors that
is shown with transcriptomic analysis. ABS has showed
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F1GURE 2: The scheme of downregulated (a) and upregulated (b) proteins after Ankaferd hemostat (ABS) given on the human colon cancer
cell line, CACO-2 (reproduced with the open access policy of the Journal; Bio Med Res (https://www.hindawi.com/journals/bmri/2019/
5268031/fig 4/).

cytotoxicity against human erythrocytes and tumoral cellsin ~ (ME-1), P18INK4C, and Midkine are the possible associated
multiple myeloma, chronic myelogenous leukemia, and lym-  ingredients of ABS for this effect. ABS has shown to stimu-
phoma [18-20]. Cyclic AMP response element-binding pro- late the expression of CREBZF resulting to the stimulation
tein (CREB)/ATF BZIP transcription factor (CREBZF), of the antineoplastic protein p53 [21]. HNF-4a has antineo-
PIAS-2, hepatocyte nuclear factor (HNF-4a), malic enzyme  plastic effects, and it is a component of ABS and might be
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F1GURE 3: The classification of upregulated proteins in cellular component (a), in organelles (b), and in cellular processes (c) after Ankaferd
hemostat (ABS) given on the human colon cancer cell line, CACO-2 (reproduced with the open access policy of the Journal; Bio Med Res

(https://www.hindawi.com/journals/bmri/2019/5268031/fig 3/).

partially responsible for its antitumorigenic effects [22].
ME-1 is an intracellular cytosolic protein, and it converts
malic acid to pyruvic acid, creating nicotinamide adenine
dinucleotide phosphate (NAPDH) [23, 24]. ME-1 has sig-
nificant effects on cancer metabolism because NADPH is
necessary for anaerobic respiration, and ME-1 level is
found to be high in some cancers. ME-1 is also found in
ABS. Midkine is a heparin-binding protein that has signif-
icant effect in tumoral angiogenesis, and its blockade can
inhibit tumor growth [25, 26]. Protein inhibitor of acti-
vated signal transducer and activator of transcription-
(PIAS-) 2 belong to the PIAS family, whose members
inhibit the activity of the STAT proteins [27]. JAK-STAT
signaling is an important pathway which has role in
human carcinogenesis [28]. Cyclin-dependent kinase
(CDK) inhibitor P18INK4C decreases tumorigenesis [29].

Its deficiency may cause tumor growth [30, 31]. CDKs
are serine/threonine kinases which control the cell cycle.
P18INK4C may have a role in the tumor-suppressor activ-
ity of ABS by suppressing CDKs. ABS has effects on the
targets on cancer therapy like SND1, KPNA2, and PARK?.
ABS upregulates the tumor suppressor proteins UCHLI
and RPL5. RPL5 stimulates the p53 apoptotic mechanism
and leads to apoptosis [32].

ABS has several roles on transcriptomic also. ABS stim-
ulates the transcription factors of AP2, AR, CREATF],
CREB, E2F1-5, E2F6, EGR, GATA, HNF1, ISRE, Myc-
Max, NF1, NF-«B, p53, PPAR, SMAD2/3, SP1, TRE/AP1,
and YY1. These transcription factors control several biolog-
ical mechanisms, like hemostasis, infection, cellular growth,
and inflammation [33]. GATA controls erythroid differenti-
ation and increases the erythroid proteins like spectin.
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FI1GURE 4: The inhibitory effect of Ankaferd Hemostat (ABS) on the Saos-2 cells. (a) The control group without ABS (10x magnification). (b)
10 uL ABS given Saos-2 cells (10x magnification) at the seventeenth day.

GATA is found to be increased after ABS administration
[33]. ABS increases the following transcription factors;
AP2, AR, CRE-ATF1, CREB, E2F1-5, E2F6, EGR, ISRE,
Myc-Max, NF1, NF-«B, p53, PPAR, SMAD2/3, SP1, TRE/
AP1, and YYI1. These molecules have role in several stages
of cellular growth, like control of cell cycle, signal transduc-
tion, angiogenesis, apoptosis, inflammation, acute phase
reaction, immunity, and various metabolic molecular mech-
anisms [33].

4. Ankaferd Hemostat in
Hematological Tumors

ABS has antineoplastic and cellular differentiation effects on
the lymphoid cells [18]. ABS interacts tumor associated
transcription factors. Effects of ABS on lymphoid neoplastic
cells investigated in a previous study. ABS-treated B-CLL
cells (at doses 0.5, 1 and 2 ug/mL) stopped inflating, and
more than half of tumor cells were died compared to 0.1
and 0.25 ug/mL doses. Moreover, transformation of B-CLL
cells to the blastic aggressive lymphoid forms was inhibited
by ABS. ABS has antineoplastic effects at higher doses
(>0.5pug/mL), and it stimulates the cellular differentiation
at lower doses (<0.5 yg/mL).

The role of ABS against myeloma cells in vitro and plas-
mocytoma generation in Balb/c mice was analyzed in vitro.
The antineoplastic effect of ABS to the myeloma cells was
detected by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide-dye reduction assay [19].

5. Ankaferd Hemostat in Malign Melanoma

There is an unmet need for novel therapeutic and/or com-
plementary methods in malign melanoma because the 5-
year survival duration of metastatic melanoma patients is
under 25% [34]. Plant extracts can have antineoplastic
effects and can work synergistically with the conventional
chemotherapeutics [35]. Melanocytes secrete “melanin” pig-
ment. Melanocytes may transform into melanoma if their
DNA injures [36]. The treatment response of nonmelanoma
skin cancers to medical treatment is higher than melanoma.
Melanoma cases have been rising nowadays, and nearly
53,000 people die annually worldwide because of melanoma
[37]. ABS has antitumor effect on the primary melanoma

cells and cell lines. In a recent study, the effect of ABS on dis-
similar melanoma cell lines and primary cells was analyzed
[35]. SK-MEL-10 (CVCL_6020), SK-MEL-9 (CVCL_
U934), A2058 (ATCC® CRL-11147™), and MeWo (ATCC
HTB-65"™) melanoma cell lines were used in the study.
These cells were given various amounts of ABS to detect
the role of various dosages. An important reduction in cell
viability against the control groups was detected in the cells
that were treated with ABS. Also, increasing the concentra-
tion of ABS and the incubation during had a negative effect
on cell viability. As a result, the antineoplastic effect of ABS
on various melanoma cells has been proven [35].

In another study, cytotoxic, genotoxic, apoptotic, and
reactive oxygen generating (ROS) effects of ABS were ana-
lyzed in the melanoma and normal cell lines. The cells were
exposed to various concentrations of ABS (0.125 to 2%) for
twenty-four hours. ABS was found to stimulate DNA injury,
apoptosis, and ROS levels in both melanoma and normal
cells in a dose-related way [38]. Moreover, these activities
were considerably greater in melanoma cells than in normal
cells.

6. Ankaferd Hemostat in Solid Tumors

ABS has antineoplastic effects on solid tumors [39]. The
antineoplastic effects of ABS on osteosarcoma cell line
(SAOS-2) survival and growth were investigated previously
(Figure 4) [40]. Saos-2 which is generally used in drug resis-
tance analyses was cultured in RPMI media containing 10%
FCS, 1% pen/strep, and 1% sodium pyruvate. Then, cells
were moved into 12-well tissue plates, in which 2, 4, 6, 8,
and 10 yuL/mL concentrations of ABS solution were given
to the stimulate medium. A control group was prepared in
a fresh growth medium without ABS. Increase of the Saos-
2 cells was followed-up for the 17 days during which yellow
and opaque-like aggregates were detected in cultures
increasing with ABS. A dose-dependent decrease was
detected in cell proliferation, and a significant decrease was
found in the survival of Saos-2 cells. Aggregate formation
augmented after higher doses of ABS, and dose-related
decrease was found in cell invasion [2]. ABS given Saos-2
osteosarcoma cells were detected to lose adhesion in vitro.
A dose-related blockade in cell growth and an important
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FiGure 5: The inhibitory effect of Ankaferd Hemostat (ABS) on the CaCo-2 cells. (a) The control group without ABS (10x magnification).
(b) 10 uL ABS given CaCo-2 cells (10x magnification) at the sixteenth day.

decrease were found in the survival of SAOS-2 cells with
ABS.

ABS has anticancer role also in colon cancer [10]. Cur-
rently, alcohol, N-butyl-2-cyanoacrylate, and caustic mate-
rials are utilized as tumor embolizers. In colon cancer liver
metastases and hepatocellular cancer cases, ABS may be uti-
lized for the palliative, adjuvant, neoadjuvant, or supportive
role via interventional radiology methods for the treatment
of solid tumors [41]. In a different study, the antineoplastic
role of ABS on the colon cancer cells was identified [42].
After the administration of ABS to the culture medium,
the decrease of cellular reproduction and loss in the viabil-
ities of the human colon CaCo-2 cells were detected. The
cultures were cultivated independently in 12-well tissue-
culture containers where ABS with 2, 4, 6, 8, and 10 uL/mL
amounts was given to the culture medium. Cultivated cells
without ABS in culture medium were prepared as a control
group. The increase of CaCo-2 cells was followed-up for 16
days. ABS administration to culture medium leads to an
increase in yellow and cloudy aggregates, together with
enlarged amount of ABS. As a result, the inhibition of cellu-
lar reproduction and loss in the viabilities of the human
colon CaCo-2 cells were associated with ABS concentrations
in vitro (Figure 5) [42]. Another study regarding the Caco-2
cell also focused on the antineoplastic effects of ABS. The
LC/MS-based proteomics technique was performed to ana-
lyze the role of ABS at the protein level [43]. The results were
assessed with gene ontology, protein interaction, and path-
way analysis. As a result of the study, ABS was found to alter
glucose, fatty acids, and protein metabolism. Also, ABS has
role in the cell cycle machinery. Furthermore, ABS was
found to stimulate critical cancer target and suppressor pro-
teins such as carboxyl-terminal hydrolase 1, 60S ribosomal
protein L5, Tumor protein D52-like2, karyopherin alpha 2,
and protein deglycase DJ-1 [43]. The proteomics results
show that ABS affects various cancer targets and suppressor
proteins. ABS has role on the cell metabolism and cell cycle
in Caco-2 cells and indicates that ABS may be used as an
antineoplastic treatment agent.

In a previous analysis, the molecular role of ABS on
colon cancer was investigated. In the study, comparative
analyses were performed with transcriptomic, proteomic,
and metabolomic techniques on cancerous cells and
untreated cancer cells in which antineoplastic effect was

detected. As a result of this study, ABS was found to affect
the biochemical processes happening in the cell with definite
pathways. The levels of proteins such as Vinculin, Ezrin and
HMGB], that have roles in the mechanism of cancer, are
altered by ABS and quantities of metabolites such as gluta-
thione [44]. ABS affects several biological mechanisms as
well as antioxidant activity and particularly cancer cell
defense mechanisms.

ABS has also antineoplastic effects on bladder cancer. A
previous study was conducted to analyze the antineoplastic
role of ABS on bladder carcinoma in ex vivo patient tumor
samples [45]. According to the results in the study, viability
of cells decrease and the death rates of cells increased in sta-
tistically significant manner in bladder cancer cell cultures
with ABS. Moreover, one of the main symptom of bladder
cancer is bleeding. Therefore, the intravesical use of ABS
may be beneficial, that has both haemorrhagic and antineo-
plastic features, in the control of patients with haematuria or
postoperative bleeding after transurethral bladder resection.
In the study, minimum 0.5cm parts of fresh frozen tumor
samples from patients with bladder tumor from 2015 to
2017 were collected. Primary bladder cancer cultures were
collected from the frozen tumor samples. Two various doses
of ABS were given on tumor cell cultures. Viability tests of
each cell cultures were conducted. Flow cytometry was per-
formed for the testing of apoptosis and necroptosis.
Decreased cancer cell viability ratio in each ABS group com-
pared with their own controls was found. Necroptosis was
detected in the great majority of ABS groups, and necropto-
sis and apoptosis were found in some cell cultures [45]. The
cytotoxic effect of ABS on bladder cancer cells was shown in
the study. ABS may have potential for intravesical treatment
agent for bladder cancer.

The role of ABS on breast cancer is also investigated in
another study. Reduced cancer cell viability ratio in each
ABS group against with their own controls was detected in
a study [46]. Necroptosis was found in majority of ABS
groups, and necroptosis and apoptosis were observed in
breast cell cultures. The cytotoxic effect of ABS on breast
cancer cells was well-demonstrated [46].

Being easily multiplication in vitro and having clinical
usage potential in many fields primarily like hematopoietic
stem cell transplants, regenerative medicine, tissue engineer-
ing, and gene therapy, mesenchymal stem cells pull
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FIGURE 6: In vitro proliferation of the MSCs was negatively affected by Ankaferd Hemostat (ABS) due to intense aggregation. (a) The control
group without ABS (10x magnification). (b) 10 uL ABS given mesenchymal stem cells (10x magnification) at the fourteenth day.

attention. In a previous study, the contribution of stromal
oriented mesenchymal stem cells (MSC) to the bleed stop-
ping and wound healing effects of ABS is investigated in
in vitro environment [47]. MSCs had been described by flow
cytometry according to their differentiation potentials and
surface antigen properties. Those MSC obtained from
healthy bone marrow transplant donors grown in the
DMEM-LG media having 10% fetal calf serum and 1%
pen/strep. In the first group, ABS solution in 2, 4, 6, 8, 10,
25, 50, and 100 uL/mL concentrations was added to the
MSC cell groups which were confluent and grown in 12 pit
tissue culture dishes. As a control group, cells to which med-
icine was not added and growing media were used. In the
second group, by adding ABS solution to DMEM-LG having
no serum, its effect to cells growth was investigated. Cells
were followed for a period of 14 days. When liquid and
homogenous ABS is added to the MSC growing media,
aggregate formation was observed. It was observed that
granule formation in cells showing adhesion or cells not
sticking to culture dishes and aggregation was increased
depending upon the ratio of ABS added to culture media.
Since the cells have separated from the medium and have
adhered to each other, further development steps could not
be observed. Consequently, it is determined that ABS, when
used in these ratios, affects culture media negatively on
in vitro proliferation of MSCs due to intense aggregation
(Figure 6) [47]. The effects of ABS in vitro in lower concen-
trations and its in vivo effects over cancer stem cell and
in vivo stem cell dynamic need to be clarified.

7. Ankaferd Hemostat in
Gastrointestinal Tumors

ABS has antineoplastic activity in hepatocellular carcinoma.
In a previous analysis, HEPG2 hepatocellular carcinoma
cells were given 8 uL/mL of ABS for 24 hours, and the alter-
ations were analyzed on both proteomic and genomic man-
ners [48]. ABS did not decrease cell viability subsequent to
24 hours of the therapy but, and ABS inhibited cell viability
after 72 hours. On the other hand, at the 24 hours of therapy
with ABS, genomic and oncoproteomic tests showed diversi-
fication. Protein processing networks in endoplasmic reticu-
lum that control protein folding, relocation, and degradation
were altered by ABS. Moreover, mitochondrial apoptotic

pathway can be stimulated by the hnRNP F-p53 interaction
with the elongation of the ABS exposure period. ABS did not
lead to P-glycoprotein-dependent drug resistance differently
from several other used chemotherapeutics; therefore, ABS
may also be used as combination treatment [48].

8. Ankaferd Hemostat as a Supportive
Treatment of Cancer

ABS has chemopreventive, antioxidant, and supportive
effects [49]. The chemopreventive role of ABS in 7,12-
dimethylbenz[a]anthracene- (DMBA-) induced oral epithe-
lial dysplasia is investigated in a previous study [49]. The
buccal pouches of animals exposed to DMBA alone showed
severe dysplasia; however, only mild or no dysplasia was
found in DMBA + ABS group. ABS was also given to ani-
mals, and the control group revealed no dysplasia or other
oral lesions [49]. The chemopreventive effect of ABS against
DMBA-induced oral epithelial dysplasia was proven.

ABS is also beneficial in prophylaxis and treatment of
oral mucositis [50]. In a previous study, the role of ABS in
the prophylaxis and therapy of oral mucositis in patients
who were given chemotherapy in childhood was investi-
gated. In the study, citrulline which is a biochemical marker
for mucosal barrier damage was analyzed, and the role of
ABS treatment in mucositis was related to quantitative data
along with the clinical findings. There was no important dif-
ference between the chemotherapy courses given with stan-
dard oral care (SOC) and with ABS plus SOC before
chemotherapy, but an important difference was found
between these courses after chemotherapy about stages of
oral mucositis. The extent of the reduction in serum citrul-
line levels was found to be higher in the chemotherapy
courses with SOC than in those with SOC plus ABS. As a
result, ABS was considered as an effective agent for the pro-
phylaxis and therapy of oral mucositis secondary to chemo-
therapy in childhood cancers [50].

On the other hand, ABS is also effective in chemotherapy-
induced oral mucositis in adult population [51]. Oral mucosi-
tis is one of the most severe complications of anticancer ther-
apy that affects 40-80% of cancer patients. The safety and
efficacy of ABS in the management of chemotherapy-related
oral mucositis in patients with hematological malignancies
are analyzed previously. ABS was administrated to the patients
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with grade 3-4 mucositis. After the patients’ mouthwash and
swallow the five milliliters of ABS, the healing time was calcu-
lated. Median healing time was found as 6.6 days [51]. As a
result, ABS can play an important role in the therapy of
chemotherapy-associated severe oral mucositis in patients
with hematological malignancies.

In another study, the chemopreventive role of ABS in
7,12-dimethylbenz[a]anthracene (DMBA) is related oral
epithelial dysplasia. The buccal pouches of animals given
DMBA alone showed up dysplasia while only moderate or
no dysplasia was found in DMBA + ABS group [49].

Necrotizing enterocolitis (NEC) is an important health
problem that leads to morbidity and mortality. Risk factors
for NEC include prematurity, oxidative stress, inflammation,
and apoptosis. Whether treatment with ABS decreased the
severity of NEC in rat pups in an experimental NEC model
is investigated. Total oxidant status, oxidative stress index,
tumor necrosis factor a and interleukin-1p levels, lipid, pro-
tein, and deoxyribonucleic acid oxidation products were
lower in the NEC + ABS group compared to NEC + saline
group while total antioxidant status, glutathione, and super-
oxide dismutase levels were higher in the NEC + ABS group.
ABS found to decrease the intestinal damage in NEC due to
its antioxidant, anti-inflammatory, and antiapoptotic fea-
tures [52].

ABS also has hepatoprotective features [53, 54]. In previ-
ous studies on the trace element and vitamin content of ABS,
Akar et al. analyzed the Fe (III), Cu (II), Zn (II), and Ag (I)
ions in ABS. Concentrations were 2163 + 7, 2.56, 9.2, and
45.0 ppm, respectively, which indicates an association
between high iron levels and the hemostatic action of ABS
[55]. The absence of Pb (II), Ni (II), Cr (IV), Co (II), and
Cd (IT) ions in ABS was also shown [55]. Koluman et al.
found various antioxidant molecules in ABS, such as vitamin
E [56]. Akisin and Akar found the zinc content of ABS and
the association between high zinc levels and the wound heal-
ing action of ABS [57]. Because of the antioxidative and
hepatoprotective roles of the trace elements and vitamins
like magnesium, calcium, vitamin D, vitamin B12, vitamin
B9, vitamin A, and vitamin E [58-61]; antioxidative, antiin-
flammatory, and hepatoprotective roles of ABS may be
related with its trace elements and vitamins.

9. Future Perspectives on Ankaferd Hemostat
as a Topical Biological Response Modifier

ABS has hemostatic roles in bleedings and has several pleio-
tropic effects. The quick generation of a protein network,
most importantly fibrinogen gamma, with the erythrocyte
aggregation is responsible for the hemostatic role of ABS.
The whole mechanism involves ABS-stimulated generation
of the protein network by vital erythrocyte aggregation. Vital
erythrocyte aggregation happens with the help of spectrin,
ankyrin, and actin proteins on the membrane of the erythro-
cytes. ABS most importantly alters cell metabolism and cell
cycle. ABS has antineoplastic role on cancer cells. The
expanding context of ABS compromises anti-infective, anti-
neoplastic, and wound healing features. ABS is generally
used for to provide hemostasis and stimulate wound healing.

However, ABS may also be used for the palliative, adjuvant,
neoadjuvant, or supportive use by interventional radiology
procedures for the treatment of solid tumors. This theory
may be analyzed in future clinical studies. Furthermore,
future controlled studies are necessary to clarify the pleiotro-
pic role of ABS like antineoplastic, antithrombotic, anti-
inflammatory, anti-infective, antifungal, and antioxidative
effects.
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The data supporting this systematic review are from previ-
ously reported studies and datasets, which have been cited.
The processed data are available from the corresponding
author upon request.

Conflicts of Interest

The authors declare that there is no conflicts of interest
regarding the publication of this article.

References

[1] Y. Beyazit, M. Kurt, M. Kekilli, H. Goker, and I. C. Haznedar-
oglu, “Evaluation of hemostatic effects of Ankaferd as an alter-
native medicine,” Alternative Medicine Review, vol. 15, no. 4,
pp- 329-336, 2010.

[2] B.Z.Haznedaroglu, Y. Beyazit, S. L. Walker, and I. C. Hazne-
daroglu, “Pleiotropic cellular, hemostatic, and biological
actions of Ankaferd hemostat,” Critical Reviews in Oncology/
Hematology, vol. 83, no. 1, pp. 21-34, 2012.

[3] M. L. Sheela, M. K. Ramakrishna, and B. P. Salimath, “Angio-
genic and proliferative effects of the cytokine VEGF in Ehrlich
ascites tumor cells is inhibited by Glycyrrhiza glabra,” Interna-
tional Immunopharmacology, vol. 6, no. 3, pp. 494-498, 2006.

[4] D.O. Demiralp, I. C. Haznedaroglu, and N. Akar, “Functional
proteomic analysis of Ankaferd (R) Blood Stopper,” Turkish
Journal of Hematology, vol. 27, 2010.

[5] D. Ozel-Demiralp, N. Igci, B. Ayhan, Y. Egin, I. C. Haznedar-
oglu, and N. Akar, “Prohemostatic and antithrombin activities
of Ankaferd hemostat are linked to fibrinogen gamma chain
and prothrombin by functional proteomic analyses,” Clinical
and Applied Thrombosis/Hemostasis, vol. 18, no. 6, pp. 604-
610, 2012.

[6] K. Fukudome and C. T. Esmon, “Identification, cloning, and
regulation of a novel endothelial cell protein C/activated pro-
tein C receptor,” The Journal of Biological Chemistry,
vol. 269, no. 42, pp. 26486-26491, 1994.

[7] S. R. Macfarlane, M. J. Seatter, T. Kanke, G. D. Hunter, and
R. Plevin, “Proteinase-activated receptors,” Pharmacological
Reviews, vol. 53, no. 2, pp. 245-282, 2001.

[8] M. Mumcuoglu, D. F. Akin, U. Ezer, and N. Akar, “Ankaferd

blood stopper induces apoptosis and regulates PAR1 and

EPCR expression in human leukemia cells,” Egyptian Journal

of Medical Human Genetics, vol. 16, no. 1, pp. 19-27, 2015.

A. Karabiyik, S. Giileg, E. Yilmaz, I. Haznedaroglu, and

N. Akar, “Reversible protease-activated receptor 1 downregu-

lation mediated by Ankaferd blood stopper inducible with

lipopolysaccharides inside the human umbilical vein endothe-

lial cells,” Clinical and Applied Thrombosis/Hemostasis, vol. 17,

no. 6, pp. E165-E170, 2011.

©
2



10

(10]

[11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

E. Kogak, M. Celebier, I. C. Haznedaroglu, and S. Altingz,
“Analysis of the antiproliferative effect of Ankaferd hemostat
on Caco-2 colon cancer cells via LC/MS shotgun proteomics
approach,” BioMed Research International, vol. 2019, Article
ID 5268031, 11 pages, 2019.

E. Huri, I. C. Haznedaroglu, T. Akgul, M. Astarci, H. Ustun,
and C. Germiyanoulu, “Biphasic effects of ankaferd blood
stopper on renal tubular apoptosis in the rat partial nephrec-
tomy model representing distinct levels of hemorrhage,” Saudi
Medical Journal, vol. 31, no. 8, pp. 864-868, 2010.

E. Eren, M. S. Bagoglu, E. Kulduk, F. Simsek, and S. Inan,
“Mucosal trauma induced apoptosis in Guinea pig middle
ear: comparision of hemostatic agents,” International Journal
of Pediatric Otorhinolaryngology, vol. 78, no. 12, pp. 2222
2228, 2014.

M. Ghasemi, M. Okay, U. Y. Malkan et al., Ankaferd hemostat
affects etoposide resistance of the malignant melanoma cells,
DSpace Software, 2020.

O. C. Zeki, M. Nenni, M. Celebier et al., “Antitumor activity
of Ankaferd Blood Stopper® on MCF-7 breast cancer: a
proteomic approach to ascertain the mechanism of the
action,” Journal of Herbal Medicine, vol. 28, article 100449,
2021.

B. Metin, E. Menevse, A. Sivrikaya, T. Altinoks, and
H. Arikoglu, “The effects of ankaferd blood stopper on DNA
damage and enzymes with paranchymal damaged rabbits,”
Medicine, vol. 6, no. 1, pp. 5-10, 2017.

M. Citirik, N. Dilsiz, I. Haznedaroglu, and K. S6nmez, “Effects
of Ankaferd Hemostat on Retinal Apoptosis in an Experimen-
tal Rabbit Retinal Model,” Turkiye Klinikleri Journal of Medi-
cal Sciences, vol. 33, no. 3, pp. 836-844, 2013.

A.Ugur, N. Sarag, D. A. Cankal, and M. Ozle, “The antioxidant
and antimutagenic activities of Ankaferd blood stopper, a nat-
ural hemostatic agent used in dentistry,” Turkish Journal of
Medical Sciences, vol. 46, no. 3, pp. 657-663, 2016.

1. Akalin, F. V. Okur, 1. C. Haznedaroglu et al., “Acute In Vitro
Effects of ABS (Ankaferd Hemostat) on the Lymphoid Neo-
plastic Cells (B-CLL and RAJI Tumor Cell Lines),” Interna-
tional Journal of Hematology and Oncology, vol. 24, pp. 253
259, 2014.

F. Avcu, M. Guner, M. Misirci et al., “Evaluation of anti-
neoplastic effects of a new hemostatic agent Ankaferd blood
stopper on myeloma cell line and plasmocytoma development
in Balb/c mice: results of the first in vitro and in vivo study,”
Blood, vol. 124, no. 21, p. 5728, 2014.

A. Mihmanli, Z. Ulker, L. Alpsoy, and S. Ezirganli, “Evaluation
of cytotoxicity of a new hemostatic agent Ankaferd Blood
Stopper® using different assays,” Human & Experimental Tox-
icology, vol. 31, no. 8, pp. 780-787, 2012.

L. Lopez-Mateo, M. A. Villaronga, S. Llanos, and B. Belandia,
“The transcription factor CREBZF is a novel positive regulator
of p53,” Cell Cycle, vol. 11, no. 20, pp. 3887-3895, 2012.

C. Walesky and U. Apte, “Role of hepatocyte nuclear factor 4«
(HNF4a) in cell proliferation and cancer,” Gene Expression,
vol. 16, no. 3, pp. 101-108, 2015.

F.-]. Zheng, H.-B. Ye, M.-S. Wu, Y.-F. Lian, C.-N. Qian, and
Y.-X. Zeng, “Repressing malic enzyme 1 redirects glucose
metabolism, unbalances the redox state, and attenuates migra-
tory and invasive abilities in nasopharyngeal carcinoma cell
lines,” Chinese Journal of Cancer, vol. 31, no. 11, pp. 519-
531, 2012.

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

BioMed Research International

D. Wen, D. Liu, J. Tang et al., “Malic enzyme 1 induces epithe-
lial-mesenchymal transition and indicates poor prognosis in
hepatocellular carcinoma,” Tumor Biology, vol. 36, no. 8,
pp. 6211-6221, 2015.

E. H. van der Horst, B. T. Frank, L. Chinn et al., “The growth
factor midkine antagonizes VEGF signaling in vitro and
in vivo,” Neoplasia, vol. 10, no. 4, p. 340-IN3, 2008.

H.-L. Huang, J.-F. Shen, L.-S. Min, J.-L. Ping, Y.-L. Lu, and
L.-C. Dai, “Inhibitory effect of midkine-binding peptide on
tumor proliferation and migration,” International Journal
of Clinical and Experimental Pathology, vol. 8, no. 5,
pp. 5387-5394, 2015.

Y. Zheng, L. Zhang, X. Jia, H. Wang, and Y. Hu, “Interaction of
protein inhibitor of activated STAT 2 (PIAS2) with receptor of
activated C kinase 1, RACK1,” FEBS Letters, vol. 586, no. 2,
pp. 122-126, 2012.

J.J. O'Shea, D. M. Schwartz, A. V. Villarino, M. Gadina, I. B.
MclInnes, and A. Laurence, “The JAK-STAT pathway: impact
on human disease and therapeutic intervention,” Annual
Review of Medicine, vol. 66, no. 1, pp. 311-328, 2015.

T. Eguchi, H. Itadani, T. Shimomura, N. Kawanishi, H. Hirai,
and H. Kotani, “Expression levels of pI8INK4C modify the
cellular efficacy of cyclin-dependent kinase inhibitors via regu-
lation of Mcl-1 expression in tumor cell lines,” Molecular Can-
cer Therapeutics, vol. 8, no. 6, pp. 1460-1472, 2009.

Y. Matsuzaki, Y. Takaoka, T. Hitomi, H. Nishino, and T. Sakai,
“Activation of protein kinase C promotes human cancer cell
growth through downregulation of p18INK4c,” Oncogene,
vol. 23, no. 31, pp. 5409-5414, 2004.

S. Gagrica, S. Brookes, E. Anderton, J. Rowe, and G. Peters,
“Contrasting behavior of the p18INK4c and p16INK4a tumor
suppressors in both replicative and oncogene-induced senes-
cence,” Cancer Research, vol. 72, no. 1, pp. 165-175, 2012.

M. B. Ataman, M. N. Bucak, and K. Coyan, “Esterified gluco-
mannan improves aflatoxin-induced damage of sperm param-
eters during liquid storage of ram semen at 5 C,” Cryobiology,
vol. 68, no. 3, pp- 405-410, 2014.

E. Yilmaz, S. Gulec, D. Torun, I. C. Haznedaroglu, and
N. Akar, “The effects of Ankaferd (R) Blood Stopper on tran-
scription factors in HUVEC and the erythrocyte protein pro-
file,” Turkish Journal of Hematology, vol. 28, pp. 276-285,
2011.

O. K. Serrano, N. L. Parrow, P. C. Violet et al., “Antitumor
effect of pharmacologic ascorbate in the B16 murine mela-
noma model,” Free Radical Biology ¢ Medicine, vol. 87,
pp. 193-203, 2015.

S. Turk, U. Y. Malkan, M. Ghasemi et al., “Growth inhibitory
activity of Ankaferd hemostat on primary melanoma cells
and cell lines,” SAGE Open Medicine, vol. 5, 2017.

G. P. Pfeifer and A. Besaratinia, “UV wavelength-dependent
DNA damage and human non-melanoma and melanoma skin
cancer,” Photochemical & Photobiological Sciences, vol. 11,
no. 1, pp. 90-97, 2012.

C. Fellner, “Ipilimumab (yervoy) prolongs survival in
advanced melanoma: serious side effects and a hefty price tag
may limit its use,” Pharmacy and Therapeutics, vol. 37, no. 9,
pp. 503-530, 2012.

A. Kocyigit, E. M. Guler, I. C. Haznedaroglu, and U. Y. Mal-
kan, “Ankaferd hemostat induces DNA damage, apoptosis
and cytotoxic activity by generating reactive oxygen species
in melanoma and normal cell lines,” International Journal of



BioMed Research International

(39]

(40]

[41]

(42]

(43]

(44]

[45]

[46]

(47]

(48]

(49]

(50]

(51]

Clinical and Experimental Medicine, vol. 10, no. 2, pp. 2116—
2126, 2017.

R. Ciftciler, A. E. Ciftciler, U. Y. Malkan, and I. C. Haznedar-
oglu, “Pharmacobiological management of hemostasis within
clinical backgrounds via Ankaferd hemostat (Ankaferd blood
stopper),” SAGE Open Medicine, vol. 8, 2020.

H. Goker, D. Cetinkaya, E. Kilic, I. Haznedaroglu, S. Kirazli,
and H. Firat, “Anti-cancer activity of ankaferd blood stopper
on osteosarcom (SAQOS-2) cell lines in vitro. Ankaferd: scien-
tific perspectives and basic-clinical data Istanbul,” Naviga Pub-
lications, vol. 109, 2008.

R. Ciftciler and 1. C. Haznedaroglu, “Ankaferd hemostat: from
molecules to medicine,” Turkish Journal of Medical Sciences,
vol. 50, no. 7, pp. 1739-1750, 2020.

H. Goker, E. Kilic, D. Cetinkaya et al., “Anti-cancer activity of
Ankaferd on human colon cancer (CACO-2) in vitro. Anka-
ferd: scientific perspectives and basic-clinical data Istanbul,”
Naviga Publications, vol. 108, 2008.

M. Nenni, M. Celebier, I. Stslii, and I. C. Haznedaroglu,
Proteomic Investigation of In-Vitro Antineoplastic Effect of
Ankaferd Hemostat with 2D Gel Electrophoresis and
MALDI-TOF/TOF-MS in HepG2, Caco-2 and HT-29 Cancer
Cells, The International Society on Thrombosis and Hemo-
stasis (ISTH), 2019.

I. C. Haznedaroglu, I. Sisliy, O. Tacal, and S. Altindz, Anka-
ferd® Bloodstopper Kanama Durdurucu’nun Kolon Kanseri
Uzerine lyilestirici Etkisinin Molekiiler Diizeyde Incelenmesi,
Tibitak Ulakbim Ulusal Akademik Ag ve Bilgi Merkezi Cahit
Arf Bilgi Merkezi, 2017.

H. Sary, S. Celik, F. Caglar et al., “A candidate antineoplastic
herbal agent for bladder cancer: Ankaferd blood stopper,”
International Journal of Clinical Practice, vol. 75, no. 11, article
el4789, 2021.

F. Cigdem, Ankaferd bloodstopper kanama durdurucunun
in vitro meme kanseri hiicrelerinin ¢ogalmalari iizerine olan
etkisi, [M.S. thesis], Trakya Universitesi Saglik Bilimleri Ensti-
tsi, 2018.

E. Kilig, D. Cetinkaya, I. Haznedaroglu et al., Ankaferd blood-
stopper’in (ABS) in vitro ortamda mezenkimal kok hiicre geli-
simi iizerine etkisi. 34, Ulusal Hematoloji Kongresi Bildiri
Ozet Kitabi, P065 no’lu bildiri, izmir, 2008.

M. Nenni, S. Onciil, A. Ercan, M. Celebier, I. Siislii, and 1. C.
Haznedaroglu, “Exposure of hepatocellular carcinoma cells
to Ankaferd Blood Stopper® alters cell death signaling net-
works confirmed by oncoproteomic and genomic profiling
studies,” Current Traditional Medicine, vol. 7, no. 2, pp. 246—
258, 2021.

M. Ozle, D. A. Ugar Cankal, M. Ilhan, H. Keles, and A. E.
Kiipeli, “Evaluation of the chemopreventive effects of ankaferd
bloodstopper in 7, 12-dimethylbenz [a] anthracene-induced
oral epithelial dysplasia,” Clinical Oral Investigations, vol. 22,
no. 9, pp. 3091-3096, 2018.

T. Patiroglu, N. E. Sahin, E. Unal, M. Kendirci, M. Karakiikci,
and M. A. Ozdemir, “Effectiveness of ankaferd bloodstopper in
prophylaxis and treatment of oral mucositis in childhood can-
cers evaluated with plasma citrulline levels,” Turkish Journal of
Hematology, vol. 35, no. 1, pp. 85-86, 2018.

M. H. Atay, N. A. Arslan, S. Aktimur et al., “Safety and Efficacy
of Ankaferd Hemostat (ABS) in the Chemotherapy-Induced
Oral Mucositis,” International Journal of Hematology and
Oncology, vol. 25, no. 3, pp. 166-171, 2015.

(52]

(53]

(54]

(55]

[56]

(57]

(58]

(59]

(60]

[61]

11

M. Buyuktiryaki, C. Tayman, I. Koyuncu et al.,, “Therapeutic
and preventative effects of ankaferd blood stopper in an exper-
imental necrotizing enterocolitis model,” Biomedicine & Phar-
macotherapy, vol. 110, pp. 105-110, 2019.

B. Giines, N. Y. A. Akigin, and M. N. Akar, “Trace element
&amp; vitamin content of Ankaferd hemostat and hepatopro-
tective effect,” Turkish Journal of Medical Sciences, vol. 51,
no. 6, pp. 3136-3137, 2021.

K. Kosmaz, A. Durhan, M. Siileyman et al., “The effect of
Ankaferd blood stopper on liver damage in experimental
obstructive jaundice,” Turkish Journal of Medical Sciences,
vol. 51, no. 3, pp. 1472-1480, 2021.

N. Akar, Y. Ard¢oglu, Z. Oktem, N. Erduran, and I. C. Hazne-
daroglu, “High iron content of Ankaferd hemostat as a clue for
its hemostatic action of red blood cell origin,” Blood Coagula-
tion & Fibrinolysis, vol. 26, no. 2, pp. 233-234, 2015.

A. Koluman, N. Akar, U. Y. Malkan, and I. C. Haznedaroglu,
“Qualitative/chemical analyses of Ankaferd hemostat and its
antioxidant content in synthetic gastric fluids,” BioMed
Research International, vol. 2016, Article ID 8957820, 8 pages,
2016.

N. Y. A. Akisin and M. N. Akar, “High zinc content of anka-
ferd hemostat and wound healing effect,” Turkish Journal of
Medical Sciences, vol. 51, no. 5, p. 2798, 2021.

J. Dabak, S. Gazuwa, and G. Ubom, “Hepatoprotective poten-
tial of calcium and magnesium against cadmium and lead
induced hepatotoxicity in Wistar rats,” Asian Journal of Bio-
technology, vol. 1, no. 1, pp. 12-19, 2008.

A. E. T. Alaa El Den, N. I. Hussien, M. M. Allam, and D. A.
Mohammed, “The potential effect of vitamin D on rats with
fatty liver induced by a choline-deficient diet,” Benha Medical
Journal, vol. 35, no. 1, p. 67, 2018.

O. O. Sinbad, A. A. Folorunsho, O. L. Olabisi, O. A. Ayoola,
and E. J. Temitope, “Vitamins as antioxidants,” Journal of
Food Science and Nutrition Research, vol. 2, no. 3, pp. 214~
235, 2019.

F. E. Uboh, P. E. Ebong, and I. B. Umoh, “Comparative hepa-
toprotective effect of vitamins A and E against gasoline vapor

toxicity in male and female rats,” Gastroenterology Research,
vol. 2, no. 5, p. 295, 2009.



	Antineoplastic Effects of Ankaferd Hemostat
	1. Introduction
	2. Materials and Methods
	3. Molecular Basis of Antineoplastic Roles of Ankaferd Hemostat: Proteomics, Metabolomics, and Transcriptomics
	4. Ankaferd Hemostat in Hematological Tumors
	5. Ankaferd Hemostat in Malign Melanoma
	6. Ankaferd Hemostat in Solid Tumors
	7. Ankaferd Hemostat in Gastrointestinal Tumors
	8. Ankaferd Hemostat as a Supportive Treatment of Cancer
	9. Future Perspectives on Ankaferd Hemostat as a Topical Biological Response Modifier
	Data Availability
	Conflicts of Interest

