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Marilda de Souza Gonçalves Salvador, Brazil
Nelson Hamerschlak S~ao Paulo, Brazil
Nelson Spector Rio de Janeiro, Brazil
Nicola Conran Campinas, Brazil
Paulo S�ergio da Silva Santos S~ao Paulo, Brazil
Roberto Passetto Falc~ao Ribeir~ao Preto, Brazil
Rodrigo Tocantins Calado Ribeir~ao Preto, Brazil
Sara Teresinha Olalla Saad Campinas, Brazil
Silvia Maria Meira Magalh~aes Fortaleza, Brazil
Valder Arruda Philadelphia, USA
Vanderson Rocha S~ao Paulo, Brazil
Vania Tietsche de Moraes Hungria S~ao Paulo, Brazil

Editorial Board

Alois Gratw€ohl Basel, Switzerland
�Alvaro Urbano-Ispizua Barcelona, Spain
Andrea Bacigalupo Genoa, Italy
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TaggedAPTARAPAlong with the start of 2026, we assume the great responsibility
of continuing the work of editors who in the past brought our
journal Hematology, Hemotherapy and Cell Therapy (HTCT) to the
place it occupies today in the scientific publishing landscape.
Throughout this time, the journal has achieved national and
international recognition, illustrated, but not exclusively
defined, by indexing and impact metrics. It is fair to say today
that, nationally, HTCT has ceased to be a channel for publishing
articles of local interest, becoming a privileged destination for
disseminating national scientific publications. And internation-
ally, the journal’s visibility is confirmed by the year-on-year
increase in the number of submissions, which reached 646 in
2025, compared to 412 in 2021. The quality of peer review has
followed this trend, leading to an acceptance rate of 17% of sub-
mitted articles in the last year, further illustrating the challenge
faced by our editorial board. Finally, in addition to this list of
HTCT’s qualities, we have what is perhaps our greatest asset:
the exclusively scientific basis of its editorial policy, in an envi-
ronment where other interests compete with science in the
publishing industry. In this scenario of growth and consolida-
tion, it is important that, as we assume this responsibility, we
ask ourselves, and bring to the scientific community linked to
HTCT the question: what new paths should be followed?TaggedAPTARAEnd

TaggedAPTARAPHaving posed the question, we take the liberty of presenting
some of the impressions that guide us in this endeavor. The
first is to maintain and expand the relevance of HTCT in the
global environment scientific publications in our field, which is
broadly speaking, a scenario that has been undergoing impor-
tant changes. According to a report prepared by Carlos Henri-
que Brito Cruz for the UN Multistakeholder Forum on Science,

Technology and Innovation (2025), in the year 2024, 60% of sci-
entific articles published worldwide had authors from low- and
middle-income countries, a stark contrast to what occurred
30 years ago, when 87% of publications originated fromwealthy
countries.[1] This change is not only demographic, but also
brings with it a broadening of scientific agendas, represented
by the yet timid incorporation of themes such as the manage-
ment of global health systems, innovation in resource-limited
contexts, “One Health”, and neglected diseases. Cross-cutting
themes such as education in healthcare profession, disease
burden in under-represented epidemiological scenarios, men-
tal health and well-being consequences of disease, and solu-
tions for incorporating new technologies such as AI are also
gaining strength in this process, without prejudice to the fun-
damental themes of science in our area such as basic science,
translational, epidemiology, and clinical intervention studies.
In this scenario, we believe that increasing the visibility and rel-
evance of HTCT involves attracting and incorporating high-
quality publications that bring together these emerging areas
with our core essential interest, Hematology, Hemotherapy,
and Cell Therapy, which will always be protected and guide our
editorial line. In fact, new scientific journals from highly rele-
vant entities in our field have been recently vocalizing similar
objectives.TaggedAPTARAEnd

TaggedAPTARAPAt the same time, we understand that the link of HTCT to
scientific entities of recognized seriousness and the possibil-
ity of subsidized open access is an element that should be fur-
ther explored, as a guarantee of HTCT’s scientific seriousness
in attracting publications from the most affluent and tradi-
tional countries in science in our area, as well as in consoli-
dating HTCT as the preferred publication vehicle for high-
quality articles produced in Brazil and in the countries most
directly linked to our community, whose quality of scientificTaggedAPTARAEnd* Corresponding author.

E-mail address: erich@unicamp.br (E.V. De Paula).
https://doi.org/10.1016/j.htct.2026.106267
2531-1379/� 2026 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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production in hematology is growing more and more.[2] Here,
it is also worth highlighting the recent changes in the Brazil-
ian national policy for evaluating postgraduate programs,
which modulates the emphasis on scientific journal impact
metrics, beginning to value other elements that, in our view,
are already being progressively more recognized in HTCT. TaggedAPTARAEnd

TaggedAPTARAPFinally, considering the increasingly important role of
social networks as an environment for discussion and dis-
semination of scientific production, it is part of our objectives
to seek strategies to further integrate HTCT into this environ-
ment. TaggedAPTARAEnd

TaggedAPTARAPFor all these objectives, we need the collaboration of the
entire community currently connected to HTCT. The gener-
ous contribution of those who are invited to act as reviewers.
The tireless commitment of our editorial board, in the pursuit
of both quality and speed in the evaluation of submissions,
taking as a reference the deference of the position attributed
to them by our entire community. And to everyone, in the
invitation to consider HTCT more and more as a vehicle for
publishing their best articles and reviews. TaggedAPTARAEnd

TaggedAPTARAPWe conclude by inviting you to express your suggestions
and criticisms through our contacts. And reiterating our most
sincere commitment to contributing to this new phase of
HTCT. TaggedAPTARAEnd
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TAGGEDAPTARAPA B S T R A C T

Introduction: Atypical chemokine receptor 1 (ACKR1) which carries the Duffy antigens, is not

just a blood group antigen but serves many more functions. It is a receptor for various pro-

inflammatory and inflammatory chemokines and for Plasmodium vivax. Genetic variations

in ACKR1 are the basis for Duffy blood group antigens.

Methods: Routine serological Fya/Fyb typing and ACKR1 genotyping by Polymerase Chain

Reaction-Restriction Fragment Length Polymorphism was employed in a population study

that included 331 samples from the Agri community.

Results:Weak Fyb expression was detected by serological findings in five unrelated samples,

which prompted further investigation by molecular means. By Polymerase Chain Reaction

an aberrant pattern was demonstrated on polyacrylamide gel electrophoresis, which led to

the identification of an alteration by sequence analysis. This study describes a 3-bp inser-

tion, present in the FY*B allele (c.144_146dupTGC), resulting in the insertion of the amino

acid alanine (p.A49dup) within the full-length protein.

Conclusion: The 3-bp in-frame insertion (c.144_146dupTGC, p.A49dup) (rs765671589) in the

ACKR1 gene was identified in five individuals from the Agri community. Despite apparently

carrying an FY*B allele, a very weak Fyb antigen expression was found in association with

this genotype. This insertion may also have implications for some physiological roles of

ACKR1 and be of interest in malaria research and population genetics.

� 2025 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). TaggedAPTARAEnd
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TaggedAPTARAH1Introduction TaggedAPTARAEnd

TaggedAPTARAPAtypical chemokine receptor 1 (ACKR1) [1] is a multi-pass
trans-membrane protein found on the erythrocyte surface
that is involved in the invasion of red blood cells (RBCs) by
Plasmodium vivax (P. vivax) merozoites [2]. It is considered one
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of the most paradigmatic examples of positive selection in
the human genome due to its strong geographic differentia-
tion and relationship with resistance to vivax malaria [2]. It is
a G protein-coupled receptor (a 35−50 kDa glycoprotein)
found on the surface of RBCs and endothelial tissue [3].
ACKR1 is also expressed in erythroid progenitor cells of bone
marrow, where P. vivax invasion may occur [4,5]. ACKR1
expresses the antigens of the Duffy blood group systemwhere
the major alleles are FY*A (FY*01) and FY*B (FY*02), which are
co-dominantly expressed. TaggedAPTARAEnd

TaggedAPTARAPThe Duffy blood group system is clinically significant in
transfusion medicine because antibodies against its antigens
may cause haemolytic transfusion reactions (HTR) and hae-
molytic disease of the newborn (HDN) [3,6]. FY (FY*A and FY*B)
alleles differ by a single base change at nucleotide c.125 due
to a G > A substitution (rs12075) [3]. The resultant antigens
differ by a single amino acid at the 42nd position that encodes
glycine in (Fya) and aspartic acid in (Fyb) (D42G). This amino
acid change does not affect chemokine binding affinity [7].
Anti-Fya and anti-Fyb antisera allow detection of the four
main phenotypes: Fy(a + b+), Fy(a + b-), Fy(a-b+), and Fy(a-b-)
[6,8]. Although the Fy(a-b-) phenotype is the dominant pheno-
type in black human populations, particularly those of West
African descent, it is rare in non-black people [8,9]. Most West
Africans and two-thirds of Afro-Americans do not express
ACKR1 on the surface of RBCs resulting in the Fy(a-b-) pheno-
type [3,10−12]. The absence of ACKR1 from the RBC surface is
due to a homozygous substitution (c.−67T>C) (rs2814778) in
the 50 untranslated region of the FY gene, also known as the
GATA-1 box (FY*02 N.01). TaggedAPTARAEnd

TaggedAPTARAPThe Fyx phenotype is caused due to the polymorphisms at
nucleotide c.265 C > T (rs34599082) and at nucleotide c.298
G > A (rs13962) [12−14]. These nucleotide changes reduce Fyb

antigen expression to the extent that only a few anti-Fyb

reagents detect the antigen by haemagglutination. Weak Fy
(b + w) [Fyx] expression has also been linked to the loss of a
nucleobase C in the sequence spanning the regulatory element
Sp1 site [15]. Other polymorphisms in the ACKR1 gene that
silence FY [or a Fy(a-b-)] phenotype include a 14-nucleotide
deletion in Fya, which causes a frameshift and a premature
stop codon [16], and three separate nucleotide changes, which
are responsible for converting the Trp codon found at different
positions to a stop codon in either FY*A or FY*B alleles [16,17].TaggedAPTARAEnd

TaggedAPTARAPThe distribution of the ACKR1 allele FY*02 N.01 has been
used to assess the admixture and ethnicity of various popula-
tions, e.g., Saudi Arabs, Israeli Jews, Njazidia, and descend-
ants of Africa [18−22]. Characterizing the pattern of genetic
variations among numerous ethnic populations is vital for
constructing human evolutionary records, investigating pop-
ulation records, and evaluating the right design and acumen
of genetic disease affiliation studies [23,24]. TaggedAPTARAEnd

TaggedAPTARAPGenetic variations among different communities in India
are opaque. There exists vast human diversity in India, with
more than four thousand anthropologically well-defined pop-
ulations, each differing in language, culture, customs, and
genetic makeup [25]. Amongst them, one of the populations
is the Agri community. This community is seen mainly in
Thane, Raigad and Palghar districts of Konkan division, Maha-
rashtra, India. They are mainly engaged in farming, fishing,
and salt making. Their population in India is estimated to be

about 524,000, and they are reported to be found only in India
[25]. They consider themselves just below Brahmins and
Kshatriyas in the Indian caste hierarchical system. The Agris
is subdivided into several divisions (snull kul), which regulate
marriages. Exogamous marriages are allowed, but within the
same snull kul, consanguineous marriages are not allowed
[26]. Inter-community weddings are rare in Agris.TaggedAPTARAEnd

TaggedAPTARAPWhile studying the occurrence of ACKR1 gene polymor-
phisms in the Agri community, a 3-bp insertion
(c.144_146dupTGC) insertion (rs765671589) was identified.
This in-frame insertion is predicted to insert Alanine at posi-
tion 49 of the major isoform of the ACKR1 protein. ACKR1
expression on RBCs may be decreased or absent due to this
nucleotide change in the FY gene. This example is remarkable
with a 3-bp in-frame insertion (c.144_146dupTGC) to be docu-
mented in an Indian tribal population with serological data to
support the effect of alteration on Duffy antigen stability.
This study highlights the importance of establishing the inci-
dence and nature of molecular events that could impact
ACKR1 antigen expression in Agri. TaggedAPTARAEnd

TaggedAPTARAH1Materials andmethods TaggedAPTARAEnd

TaggedAPTARAH2Study population TaggedAPTARAEnd

TaggedAPTARAPA total of 331 samples from the Agri community were col-
lected during various camps organized by Indian Council for
Medical Research −National Institute of ImmunoHematology
(ICMR-NIIH) in Navi-Mumbai, Maharashtra to investigate the
incidence of different red cell antigens. Unrelated males and
females aged over 18 years participated in this study. Infor-
mation on the patient’s ethnic background, presence of other
diseases such as diabetes, infectious disease (including
malaria), and smoking were obtained by interviewing the
individuals. TaggedAPTARAEnd

TaggedAPTARAH2Ethical considerations TaggedAPTARAEnd

TaggedAPTARAPDetailed information was provided and explained about the
research to be carried out on their blood sample to all the
individuals who agreed to participate in the study. All studies
were performed according to the recommendations put forth
by the Institutional Ethics Committee for Research on Human
Subjects, National Institute of Immunohaematology (ICMR),
Mumbai. TaggedAPTARAEnd

TaggedAPTARAH2Blood collection TaggedAPTARAEnd

TaggedAPTARAPPeripheral blood was collected (3 mL in EDTA and 4 mL in
plain vacutainers) and stored at 4 °C till samples reached the
Institute. The collected blood was used for serological and
molecular typing of various blood group antigens including
Duffy. TaggedAPTARAEnd

TaggedAPTARAH2Serological testing TaggedAPTARAEnd

TaggedAPTARAPDuffy phenotyping was determined by haemagglutination
assay using a monoclonal antibodies Anti-Fyaand Anti-Fyb

(Gamma-clone); Cat.: 3013−2; Immucor, Inc. Norcross, GA,
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USA) by the direct tube method and gel cards (Diamed SA,
Morat, Switzerland) according to manufacturer’s recommen-
dations. Suitable controls were included during the serologi-
cal phenotyping of RBCs. TaggedAPTARAEnd

TaggedAPTARAH2DNA extraction TaggedAPTARAEnd

TaggedAPTARAPThe phenol-chloroform method was employed to isolate
genomic DNA from the peripheral blood [27]. DNA quantity
and quality were assessed by Nanodrop-1000 (Thermo Fisher
Scientific, Massachusetts, US), and the samples were diluted
to attain a final concentration of 30 ng/mL. TaggedAPTARAEnd

TaggedAPTARAH2Polymerase chain reaction-restriction fragment length
polymorphism genotyping TaggedAPTARAEnd

TaggedAPTARAPACKR1 polymorphisms which included promoter GATA-1 box
c.−67T>C (FY* Null (FY*02 N.01), nucleotide changes c.125
G > A (FY*01/FY*02), c.265 C > T, and c.298 G > A (FY*01 W.01 or
FY*02 W.01) were identified by polymerase chain reaction fol-
lowed by restriction fragment length polymorphism (PCR
−RFLP) as described by Castilho et al. [28] with minor modifi-
cations which included the choice of primer sequence
(Table 1) and restriction enzymes (Table 2). TaggedAPTARAEnd

TaggedAPTARAPPolymerase chain reaction (PCR) was performed using
150 ng of DNA, 5 pmol of each primer, 2.5 nmol of each dNTP,
1.0 U Taq polymerase, and buffer (Genei Labs, Bangalore,
India), a total volume of 25 mL. Two sets of primers were used
for genotyping ACKR1 variants. The first set of primer pair
(ACKR1_FP and ACKR1_RP, Table 1) flanked c. �67 T > C GATA-
1 of the erythrocyte-specific transcription factor eTFII. The
second primer pair (FY_AB_FP and FY_AB_RP) spanned the
ACKR1 gene region containing the remaining three polymor-
phic sites.TaggedAPTARAEnd

TaggedAPTARAPPCR was performed in a thermal cycler (S-96 Gradient
Thermal Cycler, Quanta Biotech, USA) with the cycling condi-
tions as 95 °C for 5 min, followed by 35 cycles [95 °C for 45 s;
annealing at X °C (Table 1) for 45 s; elongation at 72 °C for
45 s]; final extension of 5-min incubation at 72 °C; and 4 °C 5-
min. The PCR products were loaded on 1 % agarose in Tris-
acetate-EDTA (TAE) buffer and were electrophoresed for 35
mins at 80 V to check for amplification efficiency before treat-
ment with restriction enzymes as per the manufacturer’s
instruction. The digested products were run on 12 % poly-
acrylamide gel. The restriction digestion patterns of the PCR
products (in base pairs) with specific enzymes are enlisted in
Table 2. TaggedAPTARAEnd

TaggedAPTARAH2DNA sequencing TaggedAPTARAEnd

TaggedAPTARAPThe polymorphic sequence within exon 2 was amplified by
PCR using FY_AB_F and FY_AB_R primers (Table 1). The
amplified PCR product was cleaned using ExoSAP-IT (USB Cor-
poration, Cleveland, Ohio) and then sequenced using 3700XL
automated DNA sequencer (Applied Biosystems, USA).
Sequencing was performed using the fluorescent Big-Dye Ter-
minator v.1.1 cycle sequencing kit (Applied Biosystems, Foster
City, CA, US) as per the manufacturer’s protocol. The National
Center for Biotechnology Information reference sequence
used for ACKR1 was NM_002036.2. Mutation surveyor analysis
tool was used to analyse the raw data obtained from DNA
sequencer. TaggedAPTARAEnd

TaggedAPTARAH2NEBcutter V2.0 TaggedAPTARAEnd

TaggedAPTARAPThe online tool NEBcutter V2.0 was used to assess if the
insertion of 3-bp in the coding sequence (sequence flanked
by FY_AB_FP and FY_AB_RP primers), generates aberrant

Table 1 – TaggedAPTARACaptionPrimer sequences flanking ACKR1 and GATA-1 and three Single Nucleotide Polymorphisms. TaggedAPTARAEnd

Name TaggedAPTARAEnd Sequence (50 ! 30) TaggedAPTARAEnd PCR Product Size (bp) TaggedAPTARAEnd Tm ( °C) TaggedAPTARAEnd Ta ( °C) TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEndTaggedAPTARATbody

ACKR1_FP TaggedAPTARAEnd CATGGCACCGTTTGGTTCAG TaggedAPTARAEnd 189 TaggedAPTARAEnd 61.3 TaggedAPTARAEnd 58.1 TaggedAPTARAEndTaggedAPTARAEnd
ACKR1_RP TaggedAPTARAEnd CAAGGCCAGTGACCCCCATA TaggedAPTARAEnd TaggedAPTARAEnd

FY_AB_FP TaggedAPTARAEnd TCCCCCTCAACTGAGAACTC TaggedAPTARAEnd 392 TaggedAPTARAEnd 58.2 TaggedAPTARAEnd 55.3 TaggedAPTARAEndTaggedAPTARAEnd
FY_AB_RP TaggedAPTARAEnd AAGGCTGAGCCATACCAGAC TaggedAPTARAEnd TaggedAPTARAEndTaggedAPTARAEnd

Table 2 – TaggedAPTARACaptionPolymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) genotyping of ACKR1 anti-
gens using different restriction enzymes. TaggedAPTARAEnd

rs Number TaggedAPTARAEnd Amino Acid Change TaggedAPTARAEnd Restriction Enzyme TaggedAPTARAEnd Genotype TaggedAPTARAEnd Digestion TaggedAPTARAEnd PCR Restriction Fragment Lengths (-bp) TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEndTaggedAPTARATbody

rs2814778 (c.�67T>C)TaggedAPTARAEnd - TaggedAPTARAEnd Sty I
TaggedAPTARAEnd

T/T TaggedAPTARAEnd Undigested TaggedAPTARAEnd 189 TaggedAPTARAEndTaggedAPTARAEnd
T/C TaggedAPTARAEnd DigestedTaggedAPTARAEnd 189, 108,81 TaggedAPTARAEndTaggedAPTARAEnd
C/CTaggedAPTARAEnd DigestedTaggedAPTARAEnd 108, 81 TaggedAPTARAEndTaggedAPTARAEnd

rs12075 (c.125G>A) TaggedAPTARAEnd G42DTaggedAPTARAEnd Ban I
TaggedAPTARAEnd

A/ATaggedAPTARAEnd Undigested TaggedAPTARAEnd 392 TaggedAPTARAEndTaggedAPTARAEnd
A/GTaggedAPTARAEnd DigestedTaggedAPTARAEnd 86, 94, 212, 306TaggedAPTARAEndTaggedAPTARAEnd
G/GTaggedAPTARAEnd DigestedTaggedAPTARAEnd 86, 92, 212 TaggedAPTARAEndTaggedAPTARAEnd

rs13962 (c.298G>A) TaggedAPTARAEnd A100TTaggedAPTARAEnd Mwo I
TaggedAPTARAEnd

A/ATaggedAPTARAEnd Undigested TaggedAPTARAEnd 392 TaggedAPTARAEndTaggedAPTARAEnd
A/GTaggedAPTARAEnd DigestedTaggedAPTARAEnd 51, 67, 274, 341TaggedAPTARAEndTaggedAPTARAEnd
G/GTaggedAPTARAEnd DigestedTaggedAPTARAEnd 51, 67, 274 TaggedAPTARAEndTaggedAPTARAEnd

rs34599082 (c.265C>T) TaggedAPTARAEnd R89CTaggedAPTARAEnd Aci I
TaggedAPTARAEnd

G/GTaggedAPTARAEnd Undigested TaggedAPTARAEnd 392 TaggedAPTARAEndTaggedAPTARAEnd
C/GTaggedAPTARAEnd DigestedTaggedAPTARAEnd 156, 236, 392 TaggedAPTARAEndTaggedAPTARAEnd
C/CTaggedAPTARAEnd DigestedTaggedAPTARAEnd 156, 236 TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEnd
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band size on gel when digested by restriction enzyme
Ban I. TaggedAPTARAEnd

TaggedAPTARAH2In silico analysis TaggedAPTARAEnd

TaggedAPTARAPPROVEAN (Protein Variation Effect Analyzer) is an online soft-
ware tool that predicts the impact of nucleotide substitution
or indel on the protein’s functionality. The nonsynonymous
or indel variants that are expected to have functional signifi-
cance can be found using PROVEAN. PROVEAN uses the score
thresholds for prediction (deleterious or neutral). The default
threshold value is set to �2.5. Variants with scores equal to or
below �2.5 were considered “Deleterious,” while the variants
with a scores above �2.5 were considered “Neutral.” For our
analysis, the variant score was generated by comparing 215
sequences and constructing 30 clusters. (link: https://www.
jcvi.org/research/provean) (supplementary data) TaggedAPTARAEnd

TaggedAPTARAH1Results TaggedAPTARAEnd

TaggedAPTARAH2Serology TaggedAPTARAEnd

TaggedAPTARAPThree hundred and thirty-one samples were tested using FY
monoclonal antibodies by standard tube technique. Of these,
326 samples showed either Fy(a + b-), Fy(a-b+), or Fy(a + b+)
phenotypic distribution. FY null [Fy(a-b-)] was not found in
the tested population. Five samples showed weak to very
weak (+) agglutination reactions with anti-Fyb for Fyb

(Figure 1A); however, when tested on gel cards, it was found
to be a mixed field (mf) reaction type (Figure 1B); which
prompted us to investigate these samples further using
molecular analysis.TaggedAPTARAEnd

TaggedAPTARAH2Polymerase chain reaction-restriction fragment length
polymorphism TaggedAPTARAEnd

TaggedAPTARAPAll five analysed samples produced 189-bp products using
ACKR1_FP and ACKR1_RP primers, which on digestion with
Sty I produced a product of size viz. 189-bp, indicating the
presence of wild-type T at c. �67 T > C (GATA-1) position. The
five amplified samples using the primers FY_AB_F and

FY_AB_R were genotyped as Fy(a-b+) using Ban I restriction
enzyme. The aberrant band migration patterns observed
post-digestion with Aci I and Mwo I enzymes were character-
ized by slight shifts in the electrophoretic mobility of the
restriction fragments compared to control samples. Specifi-
cally, the 156-bp and 236-bp fragments from Aci I digestion
and the 274-bp fragment fromMwo I digestion showed altered
migration (Figure 2) distances due to the 3-bp in-frame inser-
tion that modified the overall conformation of the DNA frag-
ments, despite not creating or destroying restriction sites.
These subtle but consistent mobility differences prompted
further sequence analysis to identify the exact nature of the
genetic variation. TaggedAPTARAEnd

TaggedAPTARAH2DNA sequencing TaggedAPTARAEnd

TaggedAPTARAPThe five samples with aberrant band patterns were taken up
for Sanger sequencing to delineate the sequence changes.
Mutation surveyor analysis tool was used for electrophoreto-
gram analysis which showed the insertion of three bases TGC
[c.144_146dupTGC; c.144_146dup] (Figure 3) in ACKR1 CDS
when compared to the reference sequence (NM_002036.2).
This 3-bp in-frame insertion resulted in the insertion of an
amino acid Alanine (A49dup) (Figure 3). The 3-bp insertion
resulted in an increment of an amino acid to 337 as against
wild type with 336 amino acids (Supplementary Figure 1).
This variant was deposited in the dbSNP database under ref-
erence Single Nucleotide Polymorphism (SNP) cluster ID:
rs765671589. However, neither publication report nor clinical
significance is available pertaining to the rs765671589 on the
dbSNP website. The tested sample also did not show presence
of any other known variant other than c.144_146dupTGC. The
aberrant pattern observed on acrylamide gel might be due to
the in-frame insertion of three bases. It is important to
emphasize that the 3-bp insertion in the tested samples was
in heterozygous state. TaggedAPTARAEnd

TaggedAPTARAH2In silico analysis TaggedAPTARAEnd

TaggedAPTARAPIn silico analyses using the online platform PROVEAN pre-
dicted the three-base insertion to be deleterious with a score
value of �5.021 (cut-off = �2.5) (Supplementary Figure 2 and

TaggedAPTARAFigure

Fig. 1 –Serological typing of ACKR1 antigen. A. Standard serological typing of ACKR1 antigen using tube method. Weak to very
weak agglutination reaction was observed under (X10) microscopic field. B. Validation of tube method of ACKR1 investigation
using Diamed gel cards showing no agglutination reaction (Fya) and weak agglutination reaction (Fyb). TaggedAPTARAEnd
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supplementary data). NEBcutter V2.0 analysis showed that
the insertion of 3-bp did not alter the recognition and restric-
tion sites of the enzyme. TaggedAPTARAEnd

TaggedAPTARAH1Discussion TaggedAPTARAEnd

TaggedAPTARAPThis paper describes a 3-bp in-frame insertion
(c.144_146dupTGC, p.A49dup) identified in five individuals
(probably unrelated) of Agri descent who were identified to be
FY*B homozygous. The RBCs from these individuals showed
weak to very weak (+) agglutination reactions with anti-Fyb,
indicating that the reduction of Fyb antigen on their surface
produced a visible, very weak haemagglutination reaction
under the microscope. We hypothesize that the altered
ACKR1 protein (p.A49dup) might: 1) not be well integrated on
the RBC membrane, 2) be inefficiently transported to the
membrane, or 3) be substantially degraded before being trans-
ported on RBCs membrane. The former events may affect the
detection of the Fyb antigen on RBCs by commercially avail-
able antisera. TaggedAPTARAEnd

TaggedAPTARAPThe insertion of Ala at amino acid 49 position in the extra-
cellular segment of Fyb is predicted to be deleterious by the in
silico platform PROVEAN. Alanine is an ambivalent and non-
polar amino acid with an optically active chiral C atom. It has
a b-carbon (methyl group), which hinders conformation
changes that the backbone can adopt. Being a hydrophobic
amino acid, alanine contributes to closeness in protein fold-
ing by repelling water. The presence of extra alanine residues
might mitigate the structural integrity. TaggedAPTARAEnd

TaggedAPTARAPThe expression pattern observed in this study bears simi-
larities to findings reported by Parasol et al. [12], who
described a novel change in the FY*B allele leading to an
altered erythrocyte phenotype, though in their case it was

due to a C > T substitution at nucleotide 265. Similarly, Tour-
namille et al. [13] reported that an Arg89Cys substitution
results in very low membrane expression of the Duffy anti-
gen/receptor for chemokines in Fyx individuals. Our findings
represent a different molecular mechanism (insertion rather
than substitution) leading to reduced Fyb expression, adding
to the spectrum of known Duffy-related variations with phe-
notypic consequences. TaggedAPTARAEnd

TaggedAPTARAPIt is important to note that the insertion described here is
in a heterozygous state, and the effect of this alteration needs
to be addressed in individuals with homozygous insertion,
providing a piece of concrete evidence on protein stability on
RBCs. We made attempts to approach the individuals; how-
ever, due to unavoidable situations, we were not able to col-
lect specimens from family relatives, keeping this avenue to
be explored in the future. TaggedAPTARAEnd

TaggedAPTARAPGenotyping of blood group antigens, including Duffy, has
been used for decades to assess population admixture and
ethnic backgrounds. ACKR1 polymorphisms are characterized
in African populations, and the identity of the FybES variation
in non-African populations has been considered a probable
situation for the admixture of African−American [12,28,29].
Consequently, our data suggest that c.144_146dupTGC, p.
A49dup in ACKR1may be peculiar to the Agri community. The
data does not confirm the racial identity specific to the com-
munity. Even though the observation provides insight that
this alteration may be specific to this community, we need to
establish/prove this hypothesis. The Agri community com-
prises people who prefer marriage within the community,
and this endogamy might be the reason for the observed
higher occurrence of this variation in this specific commu-
nity. TaggedAPTARAEnd

TaggedAPTARAPThe identification of a novel 3-bp insertion
(c.144_146dupTGC; rs765671589) in the ACKR1 gene within the

TaggedAPTARAFigure

Fig. 2 –Polyacrylamide gel electrophoresis. Aberrant band pattern separation of restriction enzymes A. Aci I and B.Mwo I
digested polymerase chain reaction (PCR) product on 12 % polyacrylamide gel. The gel picture showed the restriction digestion
patterns of the PCR products from samples under investigation (samples 3, 4, 5, 6, and 7) and samples with known genotypes,
which were used as the digestion andmigration controls (samples 1 and 2). Aci I digestion produced two fragments viz. 156-bp
and 236-bp, whileMwo I produced three fragments of sizes 51-bp, 67-bp and 274-bp. M: 50 bp DNA ladder (Cat. No.: DM012-
R500, GeneDirex). The gels were stained with ethidium bromide (0.5mg/mL final concentration in 0.5x TBE buffer) for 15 mins
with gentle shaking, followed by destaining for 20 mins with deionized water. TaggedAPTARAEnd
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Agri community represents a significant molecular discovery,
particularly given its absence in published literature despite
being catalogued in the dbSNP. Our documentation of this
insertion provides the first comprehensive characterization
of rs765671589 in a specific population, contributing valuable
data to the growing landscape of ACKR1 polymorphisms. This
finding has multifaceted implications: it enhances our under-
standing of genetic diversity in minority populations, poten-
tially influences individual and population-level disease
susceptibility profiles, and provides crucial insights into
regional genetic adaptations. Furthermore, this discovery
opens new avenues for investigating the functional conse-
quences of ACKR1 modifications and their potential impact
on receptor expression, chemokine binding affinity, and dis-
ease associations in the Agri community. The presence of
rs765671589 (c.144_146dupTGC, p.A49dup) might also have
implications for managing transfusion therapy in this com-
munity. TaggedAPTARAEnd

TaggedAPTARAPThe FY*B product is often difficult to detect using commer-
cially available anti-Fyb reagents used in routine RBC typing.
Often Fyx identification by anti-Fyb goes undetected, and such
samples are reported as negative. This is true even when the
tests are repeated under the same conditions [30]. It is recom-
mended to type RBCs using PCR/PCR-RFLP-based methods to
distinguish Fyx samples from that of Fy null [Fy(a-b-)] instead
of employing several anti-Fyb sera or a labour-intensive and
cumbersome adsorption and elution technique. William et al.
showed that ACKR1 antigens weaken on storage at 4 °C [31]. It
is, thus, suggested to phenotype the samples for ACKR1 anti-
gens immediately without delay.TaggedAPTARAEnd

TaggedAPTARAPGene alternations conferring malaria resistance are often
under balancing selection, maintaining deleterious alleles at
high frequencies [31]. Erythrocyte polymorphisms, strongly
shaped by malaria [32,33], affect structural proteins or meta-
bolic enzymes, limiting parasite growth [34]. These polymor-
phisms are prevalent in malaria-endemic regions [35]. King et
al. demonstrated the higher affinity of Fyb for P. vivax -ACKR1
binding protein compared to Fya [36]. The p.A49dup insertion,
predicted to be deleterious in silico, may protect against
malaria by affecting Fyb stability. Further research is needed
to quantify its protective effect compared to Fya through bind-
ing and inhibitory assays, particularly for P. vivax infections. TaggedAPTARAEnd

TaggedAPTARAPOur study provides valuable insights into the
c.144_146dupTGC (rs765671589) variant in the ACKR1 gene,
though there are several areas where future research could
further enhance our understanding. While we successfully
characterized the variant in heterozygous individuals, the
identification and analysis of homozygous cases would pro-
vide additional insights into its full impact on ACKR1 protein
expression and function. Although we made considerable
efforts to collect family samples from the identified cases,
unforeseen circumstances prevented this extension of our
study, presenting an opportunity for future family or commu-
nity-based investigations. The study opens several promising
avenues for further research, including 1. Expanded molecu-
lar characterization using quantitative protein expression
analysis to complement our current serological findings. 2.
Additional functional studies to explore the variant’s poten-
tial effects on chemokine binding and P. vivax interactions. 3.
Broader geographical sampling within the Agri community to

better understand the variant’s distribution pattern. 4. Longi-
tudinal follow-up studies to observe Fyᵇ expression patterns
over time, if possible. 5. Extended family studies to better
understand the inheritance patterns of this variant within
the community. These research opportunities could provide
valuable additional context to our findings and further illumi-
nate the role of this variant in ACKR1 function. Our current
results lay a strong foundation for such future investigations,
which could build upon the molecular and serological charac-
terization we have established. TaggedAPTARAEnd

TaggedAPTARAH1Conclusion TaggedAPTARAEnd

TaggedAPTARAPIn summary, we report five individuals with the FY*02 allele
carrying c.144_146dupTGC, p.A49dup in exon 2 of the ACKR1
gene, with significantly reduced Fyb expression on the RBCs
surface. This in-frame insertion, resulting in p.A49dup, has
not been previously described. The in-frame change identified
may not be directly related to the exposure of a human
genome to P. vivax. However, it may have arisen due to de
novo insertional alteration specific to the Agri community.
However, this hypothesis needs further supporting data.
Identifying rs765671589 genotypes in FY will provide clues for
better genotype-phenotype correlation and may aid in
explaining the molecular pathogenesis in diseases and in
population genetics. These discoveries feature the signifi-
cance of different investigations for better comprehension of
the genetic basis of blood group antigens. TaggedAPTARAEnd

TaggedAPTARAH1Author contributions TaggedAPTARAEnd

TaggedAPTARAPS.R. conducted the experiment. S.P. provided technical help.
G.A. and G.K. supervised the experiments. S.R. conducted
data analysis. G.A. conceptualized the project, was responsi-
ble for the overall supervision, and procured funding. S.R.
wrote the manuscript. G.A. and G.K. approved the final manu-
script. TaggedAPTARAEnd

TaggedAPTARAH1Data availability statement TaggedAPTARAEnd

TaggedAPTARAPThe data that support the findings of this study are available
on request from the corresponding author. TaggedAPTARAEnd

TaggedAPTARAH1Generative AI and figures, images and artworkTaggedAPTARAEnd

TaggedAPTARAPThe authors did not employ generative AI or AI-assisted tech-
nologies to write the manuscript and take full responsibility
for the content of the publication. TaggedAPTARAEnd

TaggedAPTARAH1Funding TaggedAPTARAEnd

TaggedAPTARAPThe study was funded by the Indian Council of Medical
Research. The funder had no role in the study design, data
collection and analysis, decision to prepare or to publish the
manuscript. TaggedAPTARAEnd

hematol transfus cell ther. 2026;48(1):106075 7



TaggedAPTARAH1Conflicts of interest TaggedAPTARAEnd

TaggedAPTARAPThe authors report no conflicts of interest. TaggedAPTARAEnd

TaggedAPTARAH1Acknowledgments TaggedAPTARAEnd

TaggedAPTARAPWe acknowledge the technical help provided by Harita Gogri
for serological testing. We are also grateful to the Director
General of Indian Council of Medical Research, New Delhi,
India, and the Director of ICMR-National Institute of Immuno-
Hematology (NIIH), Mumbai, India, for providing facilities for
this study. We would also like to thank the Agri community
leaders who helped to organize the camps and collect the
blood samples. TaggedAPTARAEnd

TaggedAPTARAH1Supplementary materials TaggedAPTARAEnd

TaggedAPTARAPSupplementary material associated with this article can be
found in the online version at doi:10.1016/j.htct.2025.106075. TaggedAPTARAEnd

taggedaptarah1r e f e r enc e s taggedaptaraend

TaggedAPTARAListItem TaggedAPTARAListLabel1 TaggedAPTARAEnd. TaggedAPTARAListBodyBachelerie F, Ben-Baruch A, Burkhardt AM, Combadiere C,
Farber JM, et al. International Union of Pharmacology. LXXXIX.
Update on the extended family of chemokine receptors and
introducing a new nomenclature for atypical chemokine
receptors. Pharmacol Rev. 2014;66(1):1 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel2 TaggedAPTARAEnd. TaggedAPTARAListBodyZimmerman PA. Plasmodium vivax infection in Duffy-nega-
tive people in Africa. Am J Trop Med Hyg. 2017;97(3):636 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel3 TaggedAPTARAEnd. TaggedAPTARAListBodyH€oher G, Fiegenbaum M, Almeida S. Molecular basis of the
Duffy blood group system. Blood Transfusion. 2017;16
(1):93 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel4 TaggedAPTARAEnd. TaggedAPTARAListBodyMalleret B, Li A, Zhang R, Tan KS, Suwanarusk R, Claser C, Cho
JS, et al. Plasmodium vivax: restricted tropism and rapid
remodeling of CD71-positive reticulocytes. Blood. J Am Society
Hematol. 2015;125(8):1314–24 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel5 TaggedAPTARAEnd. TaggedAPTARAListBodyMollison PL, Engelfriet CP, Contreras M, Jones J. Blood transfu-
sion in clinical medicine. Oxford: Blackwell Scientific; 1987 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel6 TaggedAPTARAEnd. TaggedAPTARAListBodyKlein HG, Anstee DJ. Mollison’s blood transfusion in clinical
medicine. JohnWiley & Sons; 2013TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel7 TaggedAPTARAEnd. TaggedAPTARAListBodyTournamille C, Le Van Kim C, Gane P, Cartron JP, Colin Y.
Molecular basis and PCR-DNA typing of the Fya/fyb blood
group polymorphism. Hum Genet. 1995;95:407–10TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel8 TaggedAPTARAEnd. TaggedAPTARAListBodyRace RR, Sanger R, Fisher R. Blood groups in man. Oxford:
Blackwell; 1954TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel9 TaggedAPTARAEnd. TaggedAPTARAListBodySanger R, Race RR, Jack J. The Duffy blood groups of New York
negroes: the phenotype Fy (a� b�). Br J Haematol. 1955;1
(4):370–4 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel10TaggedAPTARAEnd. TaggedAPTARAListBodyTournamille C, Colin Y, Cartron JP, Le Van Kim C. Disruption of
a GATA motif in the Duffy gene promoter abolishes erythroid
gene expression in Duffy−negative individuals. Nat Genet.
1995;10(2):224–8TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel11TaggedAPTARAEnd. TaggedAPTARAListBodyHowes RE, Patil AP, Piel FB, Nyangiri OA, Kabaria CW, Gething
PW, et al. The global distribution of the Duffy blood group. Nat
Commun. 2011;2(1):266TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel12TaggedAPTARAEnd. TaggedAPTARAListBodyParasol N, Reid M, Rios M, Castilho L, Harari I, Kosower NS. A
novel mutation in the coding sequence of the FY* B allele of
the Duffy chemokine receptor gene is associated with an

altered erythrocyte phenotype. Blood. J Am Society Hematol.
1998;92(7):2237–43 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel13 TaggedAPTARAEnd. TaggedAPTARAListBodyTournamille C, Le Van Kim C, Gane P, Le Pennec PY, Roubi-
net F, Babinet J, et al. Arg89Cys substitution results in very
low membrane expression of the Duffy antigen/receptor
for chemokines in Fyx individuals. Blood. 1998;92(6):2147–
56 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel14 TaggedAPTARAEnd. TaggedAPTARAListBodyOlsson ML, Smythe JS, Hansson C, Poole J, Mallinson G, Jones J,
et al. The Fyx phenotype is associated with a missense muta-
tion in the Fyb allele predicting Arg89Cys in the Duffy glyco-
protein. Br J Haematol. 1998;103(4):1184–91TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel15 TaggedAPTARAEnd. TaggedAPTARAListBodyMoulds JM, Hayes S, Wells TD. DNA analysis of Duffy genes in
American blacks. Vox Sang. 1998;74(4):248–52TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel16 TaggedAPTARAEnd. TaggedAPTARAListBodyMallinson G, Soo KS, Schall TJ, Pisacka JM, Anstee DJ. Muta-
tions in the erythrocyte chemokine receptor (Duffy) gene: the
molecular basis of the Fya/Fyb antigens and identification of a
deletion in the Duffy gene of an apparently healthy individual
with the Fy (a−b−) phenotype. Br J Haematol. 1995;90(4):823–9TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel17 TaggedAPTARAEnd. TaggedAPTARAListBodyRios M, Chaudhuri A, Mallinson G, Sausais L, Hannon AE,
Rosenberger J, et al. New genotypes in Fy (a� b�) individuals:
nonsense mutations (Trp to stop) in the coding sequence of
either FY A or FY B. Br J Haematol. 2000;108(2):448–54 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel18 TaggedAPTARAEnd. TaggedAPTARAListBodyAbdelaal MA, Anyaegbu CC, Sobhi EM, Baz NM, Hodan K. Blood
group phenotype distribution in Saudi Arabs. Afr J Med Med
Sci. 1999;28(3−4):133–5 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel19 TaggedAPTARAEnd. TaggedAPTARAListBodySandler SG, Kravitz C, Sharon R, Hermoni D, Ezekiel E, Cohen
T. The Duffy blood group system in Israeli Jews and Arabs.
Vox Sang. 1979;37(1):41–6TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel20 TaggedAPTARAEnd. TaggedAPTARAListBodyKobyliansky E, Micle S, Goldschmidt-Nathan M, Arensburg B,
Duffy NH. Kell and P blood group systems in some Jewish pop-
ulations of Israel. Acta Anthropogenet. 1980;4(3−4):173–9TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel21 TaggedAPTARAEnd. TaggedAPTARAListBodyChiaroni J, Touinssi M, Frassati C, Degioanni A, Gibert M,
Reviron D, et al. Genetic characterization of the population of
Grande Comore Island (Njazidja) according to major blood
groups. Hum Biol. 2004;76(4):527–41TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel22 TaggedAPTARAEnd. TaggedAPTARAListBodyNickel RG, Willadsen SA, Freidhoff LR, Huang SK, Caraballo
L, Naidu RP, et al. Determination of Duffy genotypes in
three populations of African descent using PCR and
sequence-specific oligonucleotides. Hum Immunol. 1999;60
(8):738–42 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel23 TaggedAPTARAEnd. TaggedAPTARAListBodyCampbell MC, Tishkoff SA. African genetic diversity: implica-
tions for human demographic history, modern human origins,
and complex disease mapping. Annu Rev Genomics Hum
Genet. 2008;9(1):403–33TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel24 TaggedAPTARAEnd. TaggedAPTARAListBodySirugo G, Hennig BJ, Adeyemo AA, Matimba A, Newport MJ,
Ibrahim ME, et al. Genetic studies of African populations: an
overview on disease susceptibility and response to vaccines
and therapeutics. Hum Genet. 2008;123:557–98 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel25 TaggedAPTARAEnd. TaggedAPTARAListBodyReich D, Thangaraj K, Patterson N, Price AL, Singh L. Recon-
structing Indian population history. Nature. 2009;461
(7263):489–94 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel26 TaggedAPTARAEnd. Singh K.S. People of India. Anthropological Survey of India;
1992. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel27 TaggedAPTARAEnd. TaggedAPTARAListBodySambrook J, Russell DW. Purification of nucleic acids by
extraction with phenol: chloroform. Cold Spring Harb Protoc.
2006(1):4455.. 2006 Jun 1pdb-rotTaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel28 TaggedAPTARAEnd. TaggedAPTARAListBodyCastilho L, Rios M, Pellegrino Jr J, Saad ST, Costa FF, Reid ME. A
novel FY allele in Brazilians. Vox Sang. 2004;87(3):190–5 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel29 TaggedAPTARAEnd. TaggedAPTARAListBodyReed FA, Tishkoff SA. African human diversity, origins and
migrations. Curr Opin Genet Dev. 2006;16(6):597–605TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel30 TaggedAPTARAEnd. TaggedAPTARAListBodyDean L, Dean L. Blood groups and red cell antigens. Bethesda:
NCBI. 2005TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel31 TaggedAPTARAEnd. TaggedAPTARAListBodyWilliams D, Johnson CL, Marsh WL. Duffy antigen changes on
red blood cells stored at low temperature. Transfusion (Paris).
1981;21(3):357–9 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel32 TaggedAPTARAEnd. TaggedAPTARAListBodyWilliams TN. Red blood cell defects and malaria. Mol Biochem
Parasitol. 2006;149(2):121–7 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAEnd8 hematol transfus cell ther. 2026;48(1):106075



TaggedAPTARAListItemTaggedAPTARAListLabel33 TaggedAPTARAEnd. TaggedAPTARAListBodyKo WY, Kaercher KA, Giombini E, Marcatili P, Froment A,
Ibrahim M, et al. Effects of natural selection and gene con-
version on the evolution of human glycophorins coding for
MNS blood polymorphisms in malaria-endemic African
populations. The American Journal of Human Genetics.
2011;88(6):741–54 TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel34 TaggedAPTARAEnd. TaggedAPTARAListBodyMin-Oo G, Gros P. Erythrocyte variants and the nature of their
malaria protective effect. Cell Microbiol. 2005;7(6):753–63TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel35TaggedAPTARAEnd. TaggedAPTARAListBodyFowkes FJ, Michon P, Pilling L, Ripley RM, Tavul L, Imrie HJ,
et al. Host erythrocyte polymorphisms and exposure to Plas-
modium falciparum in Papua New Guinea. Malar J. 2008;7:1–8TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel36TaggedAPTARAEnd. TaggedAPTARAListBodyKing CL, Adams JH, Xianli J, Grimberg BT, McHenry AM, Green-
berg LJ, et al. Fya/Fyb antigen polymorphism in human eryth-
rocyte duffy antigen affects susceptibility to plasmodium
vivax malaria, 108. Proceedings of the National Academy of
Sciences; 2011. p. 20113–8TaggedAPTARAEnd. TaggedAPTARAEnd

hematol transfus cell ther. 2026;48(1):106075 9



Original article

TaggedAPTARAH1Evaluation of the effects of fucoidan extracted from
sargassum angustifolium on coagulation factors and
biochemical parameters in maleWistar rats TaggedAPTARAEnd

TaggedAPTARAPAsma Dehghani a, Ameneh Khoshvaghti b,*, Narges Obeidi c
TaggedAPTARAEnd

TaggedAPTARAP

aDepartment of Clinical sciences, Kaz. C., Islamic Azad University, Kazerun, Iran
bDepartment of Clinical Sciences, Faculty of Veterinary Medicine, Kazerun Branch, Islamic Azad University, Kazerun, Iran
cDepartment of Hematology, School of Paramedicine, Bushehr University of Medical Sciences, Bushehr, Iran

TaggedAPTARAEnd

TAGGEDAPTARAPA R T I C L E I N F O

Article history:

Received 17 December 2024

Accepted 11 August 2025

Available online 30 October 2025TaggedAPTARAEnd

TAGGEDAPTARAPA B S T R A C T

Introduction: This study investigates the effects of fucoidan extracted from Sargassum

angustifolium on coagulation factors and biochemical parameters in male Wistar rats.

Fucoidan, a sulfated polysaccharide from brown algae, is known for its anticoagulant, anti-

cancer, and antioxidant properties

Methods: The study involved 25 rats, divided into control, sham, and three experimental groups,

receiving varying doses of fucoidan (100, 150, and 200mg/kg body weight) over 28 days. The

research focused on Prothrombin Time, Thrombin Time, and Partial Thromboplastin Time, along

with biochemicalmarkers like glucose, total protein, iron-related parameters, and albumin

Results: This study found that fucoidan administration did not significantly affect the

hemostasis tests, suggesting minimal impact on coagulation pathways in vivo. However, a

dose-dependent reduction in glucose levels was observed, highlighting the potential of

fucoidan as a hypoglycemic agent. Additionally, significant increases in transferrin, iron,

and ferritin levels were noted, implying enhanced iron absorption and storage

Conclusion: The findings underscore the therapeutic potential of fucoidan, particularly in

managing glucose metabolism and iron homeostasis, while its minimal anticoagulant

effect suggests safe usage in clinical settings where anticoagulation is undesirable. Further

research is recommended to explore the full clinical benefits of fucoidan.

� 2025 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). TaggedAPTARAEnd
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TaggedAPTARAH1Introduction TaggedAPTARAEnd

TaggedAPTARAPSeaweeds have long been a dietary staple in many East Asian
cultures, revered not only for their culinary versatility but

also for their rich nutritional profiles. These marine organisms
are abundant in soluble dietary fibers, proteins, minerals, vita-
mins, antioxidants, phytochemicals, unsaturated fatty acids, and
various bioactive compounds. Recent studies have further illumi-
nated the potential health benefits of seaweeds, highlighting their
roles in reducing inflammation, preventing blood clots, combat-
ing obesity, and lowering blood pressure [1,2]. Beyond these tradi-
tional applications, seaweeds are increasingly being explored forTaggedAPTARAEnd* Corresponding author.
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their therapeutic potential in addressing serious conditions such
as cancer, allergies, diabetes, oxidative stress, and degenerative
diseases [3−5].TaggedAPTARAEnd

TaggedAPTARAPAmong the diverse types of seaweeds, brown algae (Phaeo-
phyceae) are particularly noteworthy. This group includes
approximately 2000 species across 265 genera, such as Asco-
phyllum, Macrocystis, Laminaria, Eclonia, Sargassum, and Fucus
[6]. A key compound in brown algae is fucoidan, a sulfated
polysaccharide found in their cell walls. Fucoidan has gar-
nered significant attention due to its wide range of biological
activities, including anticoagulant, antiviral, anticancer, anti-
tumor, anti-inflammatory, and antioxidant effects [7]. TaggedAPTARAEnd

TaggedAPTARAPThe coagulation process, which can lead to conditions such as
heart attacks and strokes, is a major health concern globally. The
formation of blood clots involves a complex cascade of enzymatic
events, beginning with the activation of proenzymes and culmi-
nating in the conversion of fibrinogen to fibrin by thrombin [8].
Heparin, a widely used anticoagulant, functions by inhibiting sev-
eral key factors in this coagulation cascade via antithrombin III.
Despite its effectiveness, heparin is associated with a range of
side effects, including bleeding, heparin-induced thrombocytope-
nia (HIT), eosinophilia, skin reactions, and disturbances in liver
function [9,10].TaggedAPTARAEnd

TaggedAPTARAPFucoidans, complex sulfated polysaccharides primarily
derived from brown seaweeds, have been studied for their
anticoagulant properties. Initial investigations suggested
potent anticoagulant activity similar to that of heparin. How-
ever, subsequent studies have revealed that the effects of
fucoidan on coagulation may be more nuanced, influenced by
factors such as molecular weight, sulfation pattern, and the
source of extraction [11,12]. TaggedAPTARAEnd

TaggedAPTARAPAmong its most notable therapeutic effects are its anti-
cancer and antioxidant activities. Fucoidan has demonstrated
the ability to induce apoptosis, inhibit tumor growth, and pre-
vent metastasis in various cancer models, making it a promis-
ing candidate for cancer therapy. Its antioxidant properties,
on the other hand, are crucial in combating oxidative stress-
related diseases by scavenging free radicals and enhancing
the body’s endogenous antioxidant defenses. The anticoagu-
lant effect raises concerns about the safety of fucoidan, par-
ticularly when used in conditions where normal blood
clotting is essential [13−16]. TaggedAPTARAEnd

TaggedAPTARAPOf fucoidan anticoagulant activity is primarily attributed
to its structural characteristics, particularly the degree of sul-
fation and the presence of specific functional groups such as
fucose, uronic acid, and sulfate. The anticoagulant effect of
fucoidan is known to occur through several mechanisms,
including the potentiation of antithrombin III activity, inhibi-
tion of thrombin generation, and interference with the bind-
ing of coagulation factors to cell surfaces. The sulfated groups
in fucoidan molecules mimic the negative charge of heparin,
allowing them to interact with antithrombin III and enhance
its inhibitory effect on thrombin and factor Xa, crucial compo-
nents in the blood coagulation cascade [17,18].TaggedAPTARAEnd

TaggedAPTARAPHowever, despite the extensive in vitro evidence of fucoi-
dan anticoagulant activity, clinical studies have provided a
different perspective. In human trials, the anticipated antico-
agulant effects of fucoidan have not been consistently
observed, and in many cases, fucoidan has been found to
have minimal or no significant impact on the coagulation

process. These findings suggest that the anticoagulant prop-
erties of fucoidan, while evident in controlled laboratory set-
tings, may not translate to a clinical context, where complex
physiological factors come into play [19]. TaggedAPTARAEnd

TaggedAPTARAPThis study aims to evaluate the effects of fucoidan
extracted from Sargassum angustifolium on specific coagula-
tion factors—Prothrombin Time (PT), Thrombin Time (TT),
and Partial Thromboplastin Time (PTT)—as well as on bio-
chemical parameters including total protein, glucose, trans-
ferrin, iron, ferritin, and albumin in male Wistar rats. By
investigating these parameters, this research seeks to eluci-
date the potential of fucoidan as a therapeutic agent with a
dual impact on coagulation and metabolic pathways. The
results will provide valuable insights into the safe and effec-
tive use of fucoidan in clinical settings, particularly in manag-
ing complex metabolic conditions such as diabetes and
anemia, while also addressing concerns related to its antico-
agulant effects. TaggedAPTARAEnd

TaggedAPTARAH1Materials andmethods TaggedAPTARAEnd

TaggedAPTARAH2Animal preparation and grouping TaggedAPTARAEnd

TaggedAPTARAPThis study was conducted using 25 male Wistar rats, which
were transferred to the animal care facility at the Islamic
Azad University, Kazerun campus. Upon arrival, the rats were
allowed to acclimatize to the laboratory environment for one
week under standard housing conditions. These conditions
included a controlled light-dark cycle (12:12 h), a temperature
of 22§ 2 °C, and consistent ventilation. During the acclima-
tion period, the rats were provided with free access to a stan-
dard laboratory diet and water ad libitum. All rats received
equal portions of the same standard diet at fixed times each
day to minimize variations in glucose levels due to dietary
factors. TaggedAPTARAEnd

TaggedAPTARAPFollowing acclimatization, the rats were randomly
assigned to one of five groups, with each group housed indi-
vidually in labeled cages to ensure accurate identification and
monitoring throughout the study: TaggedAPTARAEnd

TaggedAPTARAPControl Group: Consisting of five rats, this group received
only the regular diet without any additional treatment. Sham
Group: Also consisting of five rats, this group received the reg-
ular diet plus 1 cc of distilled water administered orally (gav-
aging) daily for 28 days. This group served to control for any
potential effects of the gavaging procedure. Experimental
Group 1: This group included five rats that were administered
100mg/kg body weight (BW) of fucoidan orally (gavaging)
daily for 28 days along with the regular diet. Experimental
Group 2: Consisting of five rats; this group received 150mg/kg
BW of fucoidan orally (gavaging) daily for 28 days in addition
to the regular diet. Experimental Group 3: This group included
five rats that were administered 200mg/kg BW of fucoidan
orally (gavaging) daily for 28 days along with the regular diet
[20,21]. TaggedAPTARAEnd

TaggedAPTARAH2Blood sample collection and coagulation factor analysis TaggedAPTARAEnd

TaggedAPTARAPBlood samples were collected from each rat on day 28 at the
end of the study period. The blood was drawn via tail vein
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puncture under light anesthesia to minimize stress. Each
blood sample was immediately placed on ice and transported
to the laboratory for coagulation factor analysis.TaggedAPTARAEnd

TaggedAPTARAPThe coagulation parameters analyzed included Prothrom-
bin Time (PT), Partial Thromboplastin Time (PTT), and
Thrombin Time (TT). These parameters were measured using
standard coagulation assays to assess the impact of fucoidan
on the extrinsic, intrinsic, and common pathways of the coag-
ulation cascade. TaggedAPTARAEnd

TaggedAPTARAH2Fucoidan extraction TaggedAPTARAEnd

TaggedAPTARAPThe fucoidan was extracted from the brown algae Sargas-
sum angustifolium, which was collected from the shores of
Bushehr, Iran. The algae were identified at the Persian
Gulf Research Institute, washed with seawater, and
cleaned of debris and other impurities. The samples were
dried in the shade for four days and stored in zip-lock
plastic bags. TaggedAPTARAEnd

TaggedAPTARAPFor extraction, 20 g of algae were mixed with 400mL of dis-
tilled water and heated at 45 °C for 45 min on a shaker.
Sodium chloride (NaCl, 1 g) was added to adjust the pH to 7.
The pH was then adjusted to 7.5 with 0.1M NaOH, and the
mixture was kept at 45 °C for 3 h. After an hour, 24 g of NaCl
were added. The resulting compounds were precipitated by
adding 100mL of absolute ethanol and left at room tempera-
ture overnight. The compounds were washed twice daily for
two days with 500mL of distilled water for 30−60min on a
shaker at room temperature. TaggedAPTARAEnd

TaggedAPTARAPOn the second day, the mixture was centrifuged, and the
supernatant was removed. An additional 100mL of absolute
ethanol was added and kept overnight at room temperature.
On the third day, the mixture was filtered, and the remaining
filtrate was dissolved in 150mL of distilled water and incu-
bated for an hour at 40 °C. The pH was adjusted to 3 with HCl
and filtered using a 0.2-micron filter. The solution was then
lyophilized to obtain fucoidan powder. TaggedAPTARAEnd

TaggedAPTARAH2Biochemical analysis TaggedAPTARAEnd

TaggedAPTARAPBiochemical analysis of fucoidan, including monosaccharide
composition and structural characteristics, was performed
using high-performance liquid chromatography (HPLC) and
Fourier-transform infrared spectroscopy (FTIR). The hydro-
lyzed polysaccharide sample (90 min in 2M trifluoroacetic
acid at 120 °C) was injected into the HPLC system (VARIAN,
Pro Star, USA) using a mobile phase of acetonitrile/deionized
water (90:10) at a flow rate of 2mL/min. FTIR analysis (Perki-
nElmer FT-IR, Spectrum RXI, USA) was performed on the
ground sample in potassium bromide (KBr), with signals col-
lected automatically using 60 scans in the range of 4000−400/
cmwith a resolution of 32/cm. TaggedAPTARAEnd

TaggedAPTARAH2Preparation of fucoidan solutionsTaggedAPTARAEnd

TaggedAPTARAPOne gram of fucoidan powder was dissolved in 50mL of dis-
tilled water and placed on a shaker at 25 °C for 12 h. The
resulting solution (0.02 g/mL) was filtered through a 0.4-
micron filter and used for coagulation assays.TaggedAPTARAEnd

TaggedAPTARAH2Coagulation assays TaggedAPTARAEnd

TaggedAPTARAPProthrombin Time (PT): 200mL of PT solution (thermo scien-
tific) was warmed to 37 °C in a water bath. An aliquot of
100mL of fresh plasma was added to test tubes containing
200mL of PT solution, 190mL of PT solution plus 10mL of nor-
mal saline, and 190mL of PT solution plus 10mL of fucoidan.
The coagulation time was measured as the time taken for
fibrin formation. TaggedAPTARAEnd

TaggedAPTARAPPartial Thromboplastin Time (PTT): 100mL of PTT solution
(thermo scientific) was warmed to 37 °C in a water bath. An
aliquot of 100mL of fresh plasma was added to test tubes con-
taining 90mL of PTT solution, 90mL of PTT solution plus 10mL
of normal saline, and 90mL of PTT solution plus 10mL of fucoi-
dan. After 2 min, 100mL of 37 °C calcium chloride solution was
added and the coagulation time was measured. TaggedAPTARAEnd

TaggedAPTARAPThrombin Time (TT): Plasma was mixed with bovine
thrombin reagent containing bovine albumin, calcium chlo-
ride, and buffer. The clotting time was measured optically at
a wavelength of 405 nm.TaggedAPTARAEnd

TaggedAPTARAH2Biochemical analysis of blood samplesTaggedAPTARAEnd

TaggedAPTARAPTotal Protein: Total protein levels were measured using a
standard Biuret method. Plasma samples were mixed with
Biuret reagent and incubated at 37 °C for 10min. The optical
absorbance was then measured at 540 nm using a microplate
reader (BioTek, USA). The total protein concentration was cal-
culated based on a standard curve prepared using bovine
serum albumin (BSA). TaggedAPTARAEnd

TaggedAPTARAPGlucose: Glucose levels were determined using a glucose
oxidase-peroxidase (GOD-POD) method. Plasma samples
were incubated with glucose oxidase and peroxidase
enzymes at 37 °C for 15min, and the colorimetric reaction
was measured at 505 nm. A glucose standard solution was
used to generate a standard curve for glucose quantification.TaggedAPTARAEnd

TaggedAPTARAH2Iron-Related parameters TaggedAPTARAEnd

TaggedAPTARAPTransferrin: Serum transferrin levels were measured using an
enzyme-linked immunosorbent assay (ELISA) kit (Azma
plast), following the manufacturer’s instructions. Optical
absorbance was read at 450 nm, and transferrin concentration
was calculated based on the standard provided with the kit. TaggedAPTARAEnd

TaggedAPTARAPIron (Fe): Serum iron concentration was measured using a
colorimetric iron assay kit (Delta.dp). The plasma samples
were mixed with a chromogen that binds iron to form a col-
ored complex, and optical absorbance was measured at
562 nm.TaggedAPTARAEnd

TaggedAPTARAPFerritin: Ferritin levels were determined using an ELISA kit
(Delta.DP), following the manufacturer’s protocol. Optical
absorbance was read at 450 nm, and ferritin concentration
was calculated from a standard curve. TaggedAPTARAEnd

TaggedAPTARAPAlbumin: Plasma albumin levels were measured using the
bromocresol green (BCG) method. Plasma samples were
mixed with BCG reagent, and optical absorbance was mea-
sured at 630 nm using a microplate reader. Albumin concen-
tration was determined using a standard curve prepared with
known albumin standards. TaggedAPTARAEnd
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TaggedAPTARAPTransferrin Saturation: Transferrin saturation percentage
was calculated using the following formula:

Transferrin Saturation %ð Þ

¼ serum iron
total iron binding capacity TIBCð Þ

� �
� 100

TIBC ¼ Transferrin � 1:25
TaggedAPTARAEnd

TaggedAPTARAPSerum iron and TIBC levels were measured as described
previously, and transferrin saturation was determined
accordingly. TaggedAPTARAEnd

TaggedAPTARAH1Results TaggedAPTARAEnd

TaggedAPTARAPThe effects of fucoidan extracted from Sargassum angustifo-
lium on coagulation factors and biochemical parameters
were evaluated in maleWistar rats. TaggedAPTARAEnd

TaggedAPTARAH2Coagulation factorsTaggedAPTARAEnd

TaggedAPTARAPProthrombin time (PT) TaggedAPTARAEnd
TaggedAPTARAPThe PT is a critical parameter used to evaluate the extrinsic
pathway of coagulation. In this study, PT values were mea-
sured across the control group and the fucoidan-treated
groups, which received varying doses of fucoidan. As illus-
trated in Figure 1, while there were slight variations in PT
across the different groups, these differences were not statis-
tically significant. The 200mg/kg BW fucoidan group exhib-
ited a marginally higher PT compared to both the control
group and the lower-dose fucoidan-treated groups. However,
the overall consistency in PT values suggests that fucoidan, at
the doses administered, does not significantly alter the
extrinsic coagulation pathway. TaggedAPTARAEnd

TaggedAPTARAPThrombin time (TT) TaggedAPTARAEnd
TaggedAPTARAPTT is a measure of the time it takes for thrombin to convert
fibrinogen into fibrin, an essential step in the final stages of
the coagulation cascade. The TT results, as shown in Figure 1,

TaggedAPTARAFigure

Figure 1 –Prothrombin Time (PT), Thrombin Time (TT), and Partial Thromboplastin Time (PTT) inmaleWistar rats after 28 days
of fucoidan administration. The results show no statistically significant changes in PT, TT, or PTT across different fucoidan
dosages (100, 150, and 200mg/kg BW), indicating that fucoidan does not significantly alter the coagulation pathways. TaggedAPTARAEnd
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indicated minimal variations between the control group and
the fucoidan-treated groups. All groups exhibited similar TT
values, indicating that fucoidan administration did not sub-
stantially influence this coagulation parameter. This finding
suggests that fucoidan does not significantly affect the
thrombin-mediated conversion of fibrinogen to fibrin, an
essential component of blood clot formation. TaggedAPTARAEnd

TaggedAPTARAPPartial thromboplastin time (PTT)TaggedAPTARAEnd
TaggedAPTARAPThe PTT assesses the intrinsic and common pathways of
coagulation. As displayed in Figure 1, the control group exhib-
ited the highest PTT value, while the fucoidan-treated groups
showed a slight, dose-dependent decrease in PTT. Among the
fucoidan-treated groups, the 200mg/kg group demonstrated
the lowest PTT value, indicating a modest reduction in the
time required for clot formation via the intrinsic pathway.
Despite these observations, the differences between the
groups were modest and may not be statistically significant.
Therefore, while fucoidan administration appears to exert a
mild influence on the intrinsic coagulation pathway, this
effect is not pronounced.TaggedAPTARAEnd

TaggedAPTARAH2Biochemical parameters TaggedAPTARAEnd

TaggedAPTARAPTotal protein TaggedAPTARAEnd
TaggedAPTARAPTotal protein levels are an essential indicator of overall health
and nutritional status, reflecting the balance between protein
synthesis and degradation. As shown in Figure 2, total protein
levels were measured across the control group and the fucoi-
dan-treated groups. The results indicated comparable protein
levels for all groups, with no substantial differences observed

between the control group and the groups treated with vari-
ous fucoidan dosages. This finding suggests that fucoidan
administration does not significantly impact overall protein
metabolism or synthesis in the rats, maintaining a consistent
total protein concentration across different treatment groups.TaggedAPTARAEnd

TaggedAPTARAPGlucose TaggedAPTARAEnd
TaggedAPTARAPGlucose levels were also assessed as a key biochemical
parameter, given the known metabolic effects of fucoidan. As
presented in Figure 3, a notable dose-dependent decrease in
glucose levels was observed in the fucoidan-treated groups
compared to the control group. Specifically, the 150mg/kg
and 200mg/kg BW fucoidan-treated groups exhibited statisti-
cally significant reductions in glucose levels (p-value< 0.0001)
compared to the control group. The 200mg/kg BW group
showed the most pronounced decrease in glucose concentra-
tion, highlighting the potential of fucoidan as a hypoglycemic
agent. This dose-dependent hypoglycemic effect suggests
that fucoidan may influence the glucose metabolism, poten-
tially offering therapeutic benefits for conditions character-
ized by elevated blood glucose levels, such as diabetes
(Figure 2).TaggedAPTARAEnd

TaggedAPTARAPIron-Related parametersTaggedAPTARAEnd
TaggedAPTARAPTransferrin: The graph shows a dose-dependent increase in
transferrin levels with increasing fucoidan dosage. The
200mg/kg BW group exhibited significantly higher transferrin
levels (p-value <0.001) compared to the control group. The
100mg/kg BW group showed a slight decrease, while the
150mg/kg and 200mg/kg BW groups demonstrated progres-
sive increases in transferrin concentration. TaggedAPTARAEnd

TaggedAPTARAFigure

Figure 2 –Effect of Fucoidan on glucose and total protein levels in maleWistar rats after 28 days of fucoidan administration. A
significant dose-dependent decrease in glucose levels is observed, particularly at 150mg/kg and 200mg/kg BW (p-
value< 0.0001). Total protein levels remain consistent across all groups, indicating no significant impact on overall protein
metabolism. ****: p-value< 0.0001. TaggedAPTARAEnd
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TaggedAPTARAPIron (Fe): The results for serum iron (Fe) levels showed a
significant increase in response to fucoidan administration in
a dose-dependent manner. Specifically, the group receiving
150mg/kg BW of fucoidan exhibited a statistically significant
increase in serum iron levels compared to the control group
(p-value <0.01). Furthermore, the 200mg/kg BW dose resulted
in an even more pronounced elevation in serum iron levels,
with a highly significant difference compared to the control
group (p-value <0.0001). These findings suggest that fucoidan
may enhance iron absorption and storage at higher doses
(Figure 3). TaggedAPTARAEnd

TaggedAPTARAPFerritin: Ferritin levels increased dose-dependently with
fucoidan treatment. The 200mg/kg BW group showed the
most significant increase (p-value <0.0001), followed by the
150mg/kg BW group (p-value <0.01), and the 100mg group (p-
value <0.05). This suggests that higher doses of fucoidan lead
to greater ferritin production or storage (Figure 3). TaggedAPTARAEnd

TaggedAPTARAPTransferrin Saturation: A dose-dependent increase in
transferrin saturation was observed across the experimental
groups. The 150mg/kg BW group showed a significant
increase compared to the control group (p-value <0.05), while
the 200mg/kg group exhibited a highly significant rise (p-
value <0.0001). No significant changes were noted in the
100mg/kg BW group compared to the control. These findings
suggest that higher doses of fucoidan may enhance iron
transport and absorption (Figure 3). TaggedAPTARAEnd

TaggedAPTARAPAlbumin: The graph shows changes in albumin levels
across different fucoidan dosages. The 100mg/kg BW

fucoidan group demonstrated a significant decrease in albu-
min levels (p-value <0.0001) compared to the control. While
the 150mg/kg BW and 200mg/kg BW groups also showed
lower albumin values than the control, the differences were
less pronounced and not marked as statistically significant in
the graph. This suggests that fucoidan, particularly at lower
doses, may influence albumin production or metabolism
(Figure 3). TaggedAPTARAEnd

TaggedAPTARAPThese results indicate that fucoidan administration has
significant effects on iron metabolism and related parame-
ters. The observed increases in transferrin, iron, and ferritin
levels suggest that fucoidan may enhance iron absorption,
transport, or storage in a dose-dependent manner. TaggedAPTARAEnd

TaggedAPTARAH1Discussion TaggedAPTARAEnd

TaggedAPTARAPA salient finding of this study is the significant, dose-
dependent reduction in blood glucose levels following
fucoidan administration. This observation aligns with
emerging literature underscoring the antidiabetic potential
of fucoidan. For instance, Kim et al. reported that fucoidan
improved insulin sensitivity and reduced hyperglycemia in
diabetic mouse models [22]. The underlying mechanisms
are multifactorial, involving the modulation of key
enzymes in glucose metabolism, enhancement of insulin
signaling pathways, and improvement of pancreatic b-cell
function [23]. TaggedAPTARAEnd

TaggedAPTARAFigure

Figure 3 –Effect of fucoidan on iron-related parameters (Transferrin, iron (Fe), ferritin, Transferrin Saturation and albumin lev-
els) in maleWistar rats after 28 days of fucoidan administration. Fucoidan treatment resulted in a dose-dependent increase in
transferrin, iron, and ferritin levels, suggesting enhanced iron absorption and storage. Albumin levels decreased at the
100mg/kg dose, with no significant changes at higher doses, indicating a complex effect of fucoidan on protein metabolism.
****: p-value <0.0001; ***: p-value <0.001; **: p-value <0.01; *: p-value <0.05. TaggedAPTARAEnd
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TaggedAPTARAPThe results of this study also revealed significant changes
in iron-related parameters following fucoidan administration.
A dose-dependent increase was observed in transferrin levels,
with the 200mg/kg BW group showing significantly higher
concentrations compared to the control. Similarly, all fucoi-
dan-treated groups exhibited elevated iron levels, with the
most pronounced increases in the 100mg/kg BW and 200mg/
kg BW groups. Ferritin levels also increased dose-depen-
dently, with all treated groups showing significant elevations
compared to the control. TaggedAPTARAEnd

TaggedAPTARAPThe concurrent increase in transferrin and iron levels indi-
cates enhanced iron transport capacity, which could be bene-
ficial in conditions such as iron deficiency anemia. The
increase in transferrin and decrease in albumin are particu-
larly interesting, as both are considered ‘negative acute
phase’ proteins; typically, these proteins decrease during
inflammation. The lack of similar significant changes in albu-
min and transferrin levels in rats that received fucoidan prob-
ably reflects changes in iron homeostasis induced by
fucoidan, not due of inflammation. TaggedAPTARAEnd

TaggedAPTARAPThe liver plays a central role in iron metabolism, and the
results of this study indicate that fucoidan may influence
hepatic function related to iron handling. Increased iron lev-
els stimulate the production of transferrin, which is primarily
synthesized in the liver. This increase in transferrin produc-
tion may be a compensatory mechanism to manage the ele-
vated iron levels observed. The liver also regulates ferritin
production, and the increased ferritin levels observed in this
study further support the notion of enhanced iron storage
capacity in response to fucoidan treatment [24]. TaggedAPTARAEnd

TaggedAPTARAPAdditionally, the observed changes in iron-related param-
eters suggest that fucoidan may enhance iron absorption in
the intestine. The interaction of fucoidan with the intestinal
epithelium could potentially modify the expression or activity
of iron transporters, such as divalent metal transporter 1
(DMT1) or ferroportin, leading to increased iron uptake. This
enhanced absorption could explain the elevated plasma iron
levels observed across all fucoidan-treated groups. The dose-
dependent increase in ferritin further supports this hypothe-
sis, as increased iron absorption would necessitate greater
iron storage capacity [25,26]. TaggedAPTARAEnd

TaggedAPTARAPThe findings of this study suggest that fucoidan supple-
mentation significantly influences iron metabolism in a dose-
dependent manner. The marked increases in transferrin,
serum iron, and ferritin levels, particularly in the 150mg/kg
and 200mg/kg BW groups, indicate that fucoidan enhances
iron absorption, transport, and storage. The significant rise in
transferrin saturation further supports this notion, suggesting
improved iron bioavailability. Interestingly, while the 100mg/
kg group did not exhibit substantial changes in transferrin
saturation or serum iron levels, the 150mg/kg and 200mg/kg
groups showed progressive increases, highlighting the impor-
tance of dosage of fucoidan on iron homeostasis. These
results align with previous studies that have suggested the
potential role of polysaccharides in enhancing iron metabo-
lism, further reinforcing the therapeutic potential of fucoidan
in addressing iron deficiency. TaggedAPTARAEnd

TaggedAPTARAPThe lack of a significant increase in albumin, despite the
elevation in other liver-produced proteins like transferrin,
warrants further investigation. This discrepancy might be

due to the differential effects of fucoidan on various liver
functions or could indicate a complex interplay between iron
metabolism and overall protein synthesis in the liver. TaggedAPTARAEnd

TaggedAPTARAPThe anticoagulant properties of fucoidan have been widely
studied, particularly in vitro, where it has shown significant
potential to inhibit various steps of the coagulation cascade.
These effects are largely attributed to the structural features
of fucoidan, such as its sulfation pattern and molecular
weight, which allow it to interact with key proteins like
thrombin and antithrombin III, thereby modulating blood
coagulation [27,28]. However, the results from this study,
along with emerging in vivo data, suggest that the anticoagu-
lant efficacy of fucoidan observed in vitro does not neces-
sarily translate to a significant impact in vivo. However, it
is important to note that not all species of brown algae
possess anticoagulant properties. Some species, as men-
tioned in related literature, lack these effects, suggesting
that the anticoagulant potential may vary significantly
depending on the species and specific composition of
fucoidan [29,30]. TaggedAPTARAEnd

TaggedAPTARAPThe findings of the present study demonstrated that fucoi-
dan, at the administered doses, did not significantly alter pro-
thrombin time (PT), thrombin time (TT), or partial
thromboplastin time (PTT) in Wistar rats. This discrepancy
between in vitro and in vivo effects might be due to several
factors. In the complex biological environment of a living
organism, fucoidan may undergo metabolic modifications
that reduce its interaction with coagulation factors. Addition-
ally, the bioavailability of fucoidan and its distribution within
the body could limit its ability to reach effective concentra-
tions at sites where coagulation occurs. TaggedAPTARAEnd

TaggedAPTARAPIt is worth noting that our study utilized lower doses of
fucoidan (100, 150, and 200mg/kg BW) compared to some pre-
vious studies that have used very high doses (1000 and
1500mg/kg BW). Our decision to reduce the dose was based
on the principle of finding the minimal effective dose that
could produce beneficial effects while minimizing potential
side effects. The significant changes observed in glucose lev-
els and iron-related parameters at these lower doses suggest
that fucoidan can exert physiological effects even at more
moderate concentrations. TaggedAPTARAEnd

TaggedAPTARAPThe absence of a pronounced anticoagulant effect in vivo
paves the way for the use of fucoidan in therapeutic contexts
where anticoagulation is undesirable. For instance, the lack of
significant interference of fucoidan with blood clotting makes
it a promising candidate for cancer treatment, where anticoa-
gulation might pose risks. Fucoidan has been recognized for
its potential anti-cancer properties, including its ability to
induce apoptosis, inhibit tumor growth, and reduce metasta-
sis through various mechanisms. The minimal impact on
coagulation parameters ensures that fucoidan could be safely
incorporated into treatment regimens without exacerbating
bleeding risks. TaggedAPTARAEnd

TaggedAPTARAPFurthermore, the anti-inflammatory and antioxidant prop-
erties of fucoidan add another layer of therapeutic potential,
especially in the context of chronic diseases such as cancer.
Fucoidan has been shown to modulate inflammatory path-
ways, reducing the production of pro-inflammatory cytokines
and inhibiting the activation of key inflammatory cells. This,
combined with its ability to scavenge free radicals and protect
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cells from oxidative stress, highlights the role of fucoidan as a
multi-functional therapeutic agent [29]. TaggedAPTARAEnd

TaggedAPTARAPIn summary, while fucoidan from Sargassum angustifolium
at doses of 100, 150, and 200mg/kg BWmay not exhibit signif-
icant in vivo anticoagulant effects, its safety profile regarding
coagulation, along with its beneficial properties, including
hypoglycemic, anti-cancer, anti-inflammatory, and antioxi-
dant activities, positions it as a valuable compound for the
development of novel therapeutic strategies. Further
research, particularly clinical studies, is warranted to explore
the full spectrum of the benefits of fucoidan in human health. TaggedAPTARAEnd

TaggedAPTARAH1Data availability statement TaggedAPTARAEnd

TaggedAPTARAPThe data supporting the findings of this study, including raw
datasets, figures, and supplementary materials, are available
from the corresponding author, Ameneh Khoshvaghti, upon
reasonable request. Due to confidentiality agreements, some
data may not be publicly accessible, but inquiries regarding
specific data points or methods can be directed to the corre-
sponding author. TaggedAPTARAEnd
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