92 Menununackas nHayka Apmenun HAH PA 1. LXIIT Ne2 2022

UDC 616.858-008.6;611.018.82
DOI:10.54503/0514-7484-2022-62.2-92

Blood Groups in Toxinology and Reactive Oxygen Species
Generation

G.V. Ghukasyan

Laboratory of Toxinology, Orbeli Institute of Physiology NAS RA,
0028, Orbeli 22, Yerevan, Armenia

Key words: RBC, Macrovipera lebetina obtusa, Montivipera raddei, chemilumi-
nescence, superoxidedismutase

Introduction

At present, there are 34 blood group systems recognized by the Interna-
tional Society for Blood Transfusion (ISBT) [6, 17]. Blood group antigens may
reflect polymorphisms on red cell glycoproteins or are carbohydrate epitopes
(ABO and Lewis) on glycoproteins and glycolipids [2, 17]. Many blood groups
reside on proteins critical for red cell maturation and function. Several blood
group proteins are clustered at the red cell band 3-ankyrin metabolon (Diego,
MNSs, Duffy, Colton, and LW) and junctional complexes (Diego, Gerbich, and
MNSs), which anchor the membrane to the underlying cytoskeleton [1].
Interestingly, many of these same proteins are receptors for intraerythrocytic
pathogens (malaria, Bartonella species, and Babesia species), with a loss of red
cell deformability upon infection [6]. Other blood groups are associated with
membrane microdomains (for example, Pk, P, Cromer, GIL, Colton, and Raph)
and play a role in endocytosis, cell signaling, and the immune response. Some
systems, such as ABO, have multiple associations with infectious disease [6].
Likewise, many pathogens can utilize or interact with several different blood
group antigens. This is particularly true of malaria, which has potential
interactions with 8 to 9 different blood group systems [10].

The ABO histo-blood group consists of two antigens (A and B antigens)
and four blood types (types A, B, AB, and O). The A and B antigens are the
products of the ABO gene and are autosomal codominant. The group O
phenotype is an autosomal-recessive phenotype due to the homozygous
inheritance of two null ABO alleles. Group O individuals express the H antigen,
the biosynthetic precursor to A and B antigens. ABO, therefore, is the blood
type, whereas A, B, and H refer to the antigens. The relative distribution of
ABO types can vary among different ethnic populations, although group O
tends to be the most common [6, 16]. ABO is unique among all human blood
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groups by the fact that it requires the typing of both red cells and plasma or
serum [5]. In forward of red cell typing, red cells are typed for the expression of
A and B antigens on red cells by hemagglutination using monoclonal or
polyclonal antibodies. In general, the individual should possess antibodies
against any missing A/B antigens. For example, a group O person possesses
both anti-A and anti-B, whereas group AB, which expresses both antigens, is
negative for ABO antibodies. Clinically, the forward and reverse grouping
results must match for a blood type to be determined. There are several known
variant ABO alleles that are associated with weak A/B antigen expression,
accompanied by elevated H antigen expression. For example, 20% of group A
individuals belong to the A2 subgroup, which has only 25% of normal A
expression on red cells and virtually no A antigen in platelets, the endothelium,
and secretions [7]. ABO is also an oncofetal antigen with altered expression in
certain populations. For example, ABO is markedly depressed on newborn red
cells due to developmental delays in | blood group gene expression, which is
responsible for branching and multivalent ABO expression [4]. In addition,
newborns lack ABO antibodies for the first 4 to 6 months of life and achieve
adult titers only at 5 to 10 years of age [6, 7]. ABO grouping problems can also
occur in patients with cancer, congenital or acquired immunodeficiencies,
protein-losing enteropathies, recent transfusion, and other conditions.

ABO blood type influences numerous aspects of biology and medicine,
such as susceptibility to infection by various pathogens and potential for
complications due to blood transfusions. Infections can stimulate naturally
occurring antibodies, sometimes leading to hemolysis and blood grouping
problems. Agglutinins, which tend to react to A/B precursors (anti-i, anti-1, anti-
H, and anti-HI), are not uncommon following infection with Mycoplasma,
mononucleosis, and other viral illnesses [5]. In recent studies, it was reported
that ABO blood type correlates with survival on prostate cancer vaccine therapy
[14]. Particularly, pre-vaccination IgM antibody levels to blood group A
trisaccharide significantly correlate with survival of patients treated with
PROSTVAC-VF [3]. The importance of immune recognition of an ABO
antigen raised the possibility that a patient’s blood type may influence their
response to the vaccine.

Lastly, blood group antigens can be displayed on many different vacci-
nes. For example, whole cell vaccines derived from human tissue can display
blood group antigens depending on the blood type of the original donor. Since
immune recognition of these blood group antigens would depend on the blood
type of the individual receiving the vaccine, blood type may potentially
influence responses and efficacy for other vaccines [21].
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Materials and Methods

Materials Packed red blood cells of four ABO groups (RBCs) were
obtained from Haematology Center after Prof. R. Yeolyan (Ministry of Health,
Republic of Armenia). Snake venoms Naja kaoutia (NK), Macrovipera lebetina
obtusa (MLO) and Montivipera raddei (MR) were purchased from Latoxan
(France), and all other chemicals are from Sigma and Roth.

Hemoglobin-free erythrocyte ghosts

Erythrocyte membranes were obtained by the method of Dodge, Mitchell
& Hanahan [8, 9]. Protein was measured by the method of Lowry as described
(Lowry et al., 1951) using bovine serum albumin as a standard. To obtain
erythrocyte ghosts, after the last wash the RBC pellet was mixed with nine
volumes of ice-cold lysis buffer (5 mM sodium phosphate) and stirred for 15
min at 0°C. Subsequently, the unsealed erythrocyte ghosts were pelleted by
centrifugation at 37 000 x g for 10 min at 0°C. After the centrifugation the
ghosts were washed with ice-cold lysis buffer until residual hemoglobin was not
visible. The RBC ghosts were suspended in about 0.5 volume of PBS and were
kept frozen at —30°C until use.

Chemiluminescence analysis and lipid peroxidation

ROS’ levels have been measured by chemiluminescence (ChL) analysing
system Junior LB 9509 portable tube luminometer (BERTHOLD
TECHNOLOGIES, Germany). Lipid peroxides are unstable and decomposed to
a complex series of compounds. The most abundant compound is malonic
dialdehyde (MDA). MDA level of tissues has been determined by
spectrophotometric measurement [20], using the TBA-test, based on the
reaction of a chromogenic reagent, thio-barbituric acid (TBA) with MDA at
100°C and two molecules of MDA, reacting with one molecule of TBA to yield
a stable threemethin complex dye. MDA concentration has been measured at
532 nm, using the BO1-CT-8 spectrophotometer (“E-ChromTech”, Taiwan).

Superoxide dismutase activity

Determination of superoxide dismutase (SOD) activity has been done
using method of the adrenaline autoxidation reaction in pH 10.2 [13]. The
method is based on the inhibition of adrenochrome formation in epinephrine
autoxidation in aqueous alkaline solution (pH>8.5) to yield a chromophore with
a maximum absorbance at 480 nm, using the B01-CT-8 spectrophotometer.
Kinetic measurement of the 480 nm absorbance change (adrenokhrom concent-
ration) has been preformed after the addition of adrenalin. SOD activity has
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been determined from ratio of the autoxidation rates at the presence and absence
of SOD.

Statistical analysis

For quantitative analysis results are reported as means = SEM. The
significance of differences between the means was assessed by ANOVA
followed by Bonferroni's test when various experimental groups were compared
with the control group. A value of P < 0.05 indicated significance.

Results and Discussion

On the first stage of investigation we have studied influence of three
different venoms on the lipid peroxidation of the erythrocyte ghosts obtained
from the four different Rhesus positive blood groups (Fig. 1). The most
interesting phenomenon is that the levels of MDA formation was also
noticeably various in control groups. The lipid peroxidation normal level in the
blood group O(l) is significantly lower than in all others. The pre-incubation of
the EGs with the venom of cobra, the venom of which is not hemolytic does not
demonstrate any significant differences depending on the blood groups, while
the picture is dramatically different in case of the vipers’ venom. The intriguing
fact is that for blood group B(lll) both viper venoms demonstrated antioxidant
properties, while for three others the pre-incubation with MLO and MR venoms
increased the levels of lipid peroxidation.

To check whether the overall ROS generation following the same
regularities as the lipid peroxidation the ChL analysis has been done with
further enhancing by Luminol and hydrogen peroxide (Fig 2). Again we see the
big differences of the dynamic levels of ROS generation in the EGs depending
of the blood groups: the lowest light generation is in the O group, but the
differences of this group from the A(Il) and B is not significant, while the
spontaneous chemiluminescence in group AB(IV) ghosts is noticeably higher.

The spontaneous chemiluminescence levels are different also in case of
different venoms, but all of them work as prooxidants. The pattern of the
chemiluminescence in a real-time mode in course of the subsequent additions of
the Luminol and then the H,0, is also similar for different groups of blood: fast
peak, then some fall of the ROS production during next 10 min, then the higher
peak after the H,O, addition. It is interesting to witness that for the overall ROS
generation abilities the venoms demonstrate the similar tendencies both in case
of the neurotoxic venom of cobra and hemolytic viper venoms. However, for all
venoms the observation showed, that in EGs of group B and AB ROS the
generation is significantly more intense.
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Fig.1. Changes in the concentration of malonic dialdehide of erythrocyte ghosts in the
course of Naja kaoutia, Macrovipera lebetina obtusa and Montivipera raddei venom in
vitro processing.
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Fig.2. Changes in the spontaneous and enhanced chemiluminescence of erythrocyte
ghosts in the course of Naja kaoutia, Macrovipera lebetina obtusa and Montivipera
raddei venom in vitro processing.
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Fig.3. Changes of the superoxide dismutase activities of erythrocyte ghosts
in the course of Naja kaoutia, Macrovipera lebetina obtusa and
Montivipera raddei venom in vitro processing.
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During the other series of experiments we also have investigated how
NK, MLO and MR venoms changed the activities of the superoxide dismutase,
which is one of the main enzymes of the antioxidative defense system of the
organism. The addition of venom is remarkably decreasing the activities of the
ferment, except of the blood group B case, the reaction of which was unique,
but quite significant: for the venom of NK and MLO the intensification of the
SOD activities was absolutely drastic, while the MR venom slightly decreased
it. Again these differences are also concerning the control assays which means
that the levels of SOD activities following the intensities of the ROS generation
and lipid peroxidation processes within the erythrocyte membranes are quite
different in accordance of the presence or absence of the A or B agglutination
factors (antigens) in it.

Viperidae snakebites with their heavy intoxication by the hemolytic
venom produce notable morbidity and mortality and have a significant impact
on health care. In spite of some new research trends for snakebites envenoming
neutralization, antibody technologies still remain the best treatment applied in
the field of toxinology.

In Armenia, the majority of snake bites are due to Macrovipera lebetina
obtusa (MLO) which is a subtype of viper family with venom containing the
proteins belonging to few main families: Zn**- metalloproteinases (P11l and PI),
phospholipase A2, serine proteinases, L-amino acid oxidase, disintegrins (short
and dimeric), cysteine-rich secretory proteins, Bradykinin-potentiating Peptides
and C-type Natriuretic Peptides [15, 18, 19]. According to the data provided by
the Ministry of Health of Armenia (MOHA), during the timeframe of 2015-
2019, there were recorded 89-146 cases per year of snake bites with a number
of mortal cases. Despite the magnitude of this problem, there is no specific
antivenom for Armenia. Unfortunately, the epidemiological situation with
snakebites in our country is very patchy and scarce, but there is no doubt, that,
although the incidence is not so high comparing to the tropical and sub-tropical
world, severe envenomations often require antivenom, because of the strong
inflammatory and necrotizing properties of this venom and its complicate
impact on the blood system and cells of the organism. On the other hand,
existing protocols for antivenom treatment of snake envenomations are
generally not well optimized due to inadequate knowledge of the toxicokinetics
of venoms in patients with different blood types. Our results suggest that both
the severity of envenomation and the antivenom efficacy for humans could be
defined also by the blood group of the patient.

Previously, we’ve investigated the membranotropic properties of the
endemic viper’s venom on the erythrocyte ghosts and also the comparative
efficacy of the antivenom products of Uzbekistan and Orbeli Institute of
Physiology [11, 12]. Current study describes in detail the specificity of
Macrovipera lebetina obtusa venom on the human red blood cells with respect
to the ABO groups and compared to the venom of other endemic viper
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Montivipera raddei and Monocled cobra, the venom of which is neurotoxic and
definitely should have less impact on the blood cells.

In addition to the fundamental importance of the present, our generated
data may have biomedical applications in the healing of the damage of red
blood cells in course of intoxication that lead to various pathologies and even to
death. Developments of the necessary theories, in particular, a theory of
membrane binding and ROS generation in accordance with the ABO system
differences in course of intoxication, represent the perspective of this work and
could be developed further for other pathological conditions and/or vaccine

treatments.
Accepted 12.04.22

Posib rpynnbl KpOBH B TOKCMHOJIOTHY U TeHEPALMH PeaKTHBHBIX
¢opm kuciopona

I'.B. I'ykacsn

AHTHUTEHBI TPYIMI KPOBH, SBJSSACH MOJIMMOP(HBIMH MPU3HAKAMU, TEpe-
JAIOIMMUCS TI0 HACIEACTBY B MOMYJSIHUSAX, — YacThle LETU B JMMHIACMHOJO-
TUYECKUX UCCIEIOBAHUAX, B CUITy CBOEH F€HETUUECKON NEeTEPMUHUPOBAHHOCTH
W W3BECTHOW MONMMMOP(HON 3KCHpPEeCCHUN Yy WHAMBUIAYYMOB M TIOIYJISIUH.
['pynmel KpoBH 4acTO SBIAIOTCS PELENTOPAMH I TOKCHMHOB, Iapa3suTOB U
OakTepuii, CIIOCOOCTBYSI KOJIOHHM3AIMM U BHEAPCHHIO JINOO OJIOKUpYsI Mexa-
HU3MBI OUYUCTKH opraHu3Ma. Aururena ABO MOXHO paccMaTpuBaTh KaK 4acTh
BPOXKICHHON MMMYHHON CHCTEMBI TPOTHB YaCTH OaKTepUaTbHBIX MATOTCHOB U
BUpycoB, Hecymux ABO-akTtuBHbIE aHTHreHBI. CyIIECTBYIONIIUE MPOTOKOJIBI
JIEYCHUS POTUBOSIIUSIMU U BaKIIMHAMH HEIOCTATOYHO ONITHUMH3UPOBAHBI M3-32
IJIOXOTO 3HAHUSA TOKCUKOKMHETHUKH SIIOB y MAlKMEHTOB C Pa3HbIMU TpyNIamMu
KpoBU. Hamm pesynbTaTel NpENIoNararT, YTO TSHKECTh OTPABJICHUS, Kak U
3¢ (HEeKTUBHOCTh TMPOTHUBOSIUSA TAKKE MOTYT OINPEACIAThCS TPYIION KPOBU
nanueHTa. Hactoqmmii mpoeKT MOCBSIIEH BIUSHUIO AJI0B PAa3IMYHBIX 3MEN Ha
SPUTPOLUTHI YEIOBEKA B 32aBUCUMOCTH OT I'PYIIIBI KPOBHU.

Upywt judptph nbpp pnibwpwiimipiui b ppyduwsih ntwljnhy
nbkuwlubph qghkukpughuygh dudwtwly

Q.9 Tnjuuyub

Upuwt fpudptiph hwlwshuubpp wnjhunpd hwwnluihoubp Eu,
npnlp dwnwbgnid bt wthwwntbpp jud wynwniyjjughwttpp: Upjub
hudptipp hwdwhiwujh phpw B hwdwdwpuwljwputwljwut hbnwgnunnt -
pntuttpnud, pwuh np ghutwnhlynpkt npnpdwés hwwnljuuhoutp k'
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hwjnuh wnhunpd tpuypbuhwyny: Ypwbp nnpuphtiibph, dwljupnys-
ukph U Jwbpkubph pbuhsubp b U Jupnn o bwywunb) qunne-
pugdutp Jud ubppuniddwtp, twl punspunnunk) opquthquh huptw-
dwppnidp: ABO-hwljwdwpdhuubpp jupth £ hwdwpl ptwsht hune-
twyhtt hwdwlwpgh dwu npny puwlunbtphw; wwpngbuubph, nnpuh-
utinh b ABO-hwjushuubkp Ypnn yhpniutbnh nid wwjpwpnid:
Zuljupnyutpny b wuunjuwunwiyniptpny pniddwt wnju dkpn-
nuljui gnignidibpp punjupup ownhtwjugdws sk’ dwuwdp wpjub
nuppbp udpkp niikgnn hhjuintph  wnpupynyhubinhugh phph
hdwgnipjut yuwndwnny: Ukp wpyniupubpp Jyuynud By, np ph pne-
twynplwl  Swipmpmilp, pk hwlwpnyuh wpynibw]bnn el
Jupnn bt wuydwbwynpyuws 1htuk) twb hhwbnh wpjw jpdpndy:
ZEnwgnunnipjut byuunwlt E niunwdbwuhpl] muwpunbuuly
odtnh pnyuh wqpkgnipniup ABO-hudptph kphppnghwntbph pu:

References

1. An X, Mohandas N., 2008, Disorders of red cell membrane. Br J Haematol 141:367—
375. http://dx.doi.org/10.1111/].1365-2141.2008.07091.x.

2. Burton NM., Bruce LJ.. 2011, Modeling the structure of the red cell membrane.
Biochem Cell Biol 89:200-215. http://dx.doi.org/10.1139/010-154.

3. Campbell C. T., Gulley J. L., Oyelaran O., Hodge J. W., Schlom J., Gildersleeve J. C.
Serum Antibodies to Blood Group A Predict Survival on PROSTVAC-VF. Clin. Cancer
Res. 2013, 19:1290-1299.

4. Clausen H., Holmes E., Hakomori S-1. 1986, Novel blood group H glycolipid antigens
exclusively expressed in blood group A and AB erythrocytes (type 3 chain H). J Biol
Chem., 261:1388-1392.

5. Cooling L., Down T., 2011, Immunohematology, pp. 674-730, In McPherson RA,
Pincus MR (ed), Henry’s clinical diagnosis and management by laboratory methods,
22nd ed., Elsevier Saunders, Philadelphia, PA.

6. Cooling I., 2015, Blood Groups in Infection and Host Susceptibility. Clinical Micro-
biology Reviews, 28(3): 801-870.

7. Daniels G., 2002, Human blood groups, 2nd ed. Blackwell Science, Oxford, United
Kingdom.

8. Dodge J. T., Mitchell C., Hanahan D. J. The Preparation and Chemical Characteristics
of Hemoglobin-Free Ghosts of Human Erythrocytes. Arch. Biochem. Biophys. Acta,
1963, v. 100, pp.119-230.

9. Hesketh J. E., London J. B., Reading H. W., Glen A. I. The Effect of Lithium Treatment
on Erythrocyte Membrane ATPase Activities and Erythrocyte lon Content. British J.
Clin. Pharmacol., 1978, v. 5, pp. 323-329.

10. Hosseini SM., Feng JJ. 2012, How malaria parasites reduce the deformability of
infected RBC. Biophys J 103:1-10. http://dx.doi.org/10.1016/j.bpj.2012.05.026.

11. Kishmiryan A., Ghukasyan G., Ghulikyan L., et al. 2021, The development and evalua-
tion of the efficacy of ovine derived experimental antivenom immunoserum against
Macrovipera lebetina obtusa (MLO) venom. J Venom Res, 11, (in press, accepted).

12. Kurtovic T., Balija ML., Ayvazyan NM., Halassy B. Paraspecificity of Vipera a.
ammodytes-specific antivenom towards Montivipera raddei and Macrovipera lebetina


http://dx.doi.org/10.1111/j.1365-2141.2008.07091.x
http://dx.doi.org/10.1016/j.bpj.2012.05.026

100

MemunnHckass Hayka Apmennn HAH PA 1. LXII Ne2 2022

13.

14.

15.

16.

17.

18.

19.

20.

21.

obtusa venoms. TOXICON, v.78, February 2014, pp.103-112.
http://dx.doi.org/10.1016/j.toxicon, 2013.12.004.

Makarevich O. P., Golikov P. P. Laboratornoye delo, 1983, v. 6, pp. 24-27 (in
Russian).

Muthana SM., Gulley JL., Hodge JW., Schlom J., Gildersleeve JC. ABO blood type
correlates with survival on prostate cancer vaccine therapy. Oncotarget., 2015,
6(31):32244-32256. doi:10.18632/oncotarget.4993.

Pla D., Quesada-Bernat S., Rodriguez Y. et al. 2020, Dagestan blunt-nosed viper,
Macrovipera lebetina obtusa (Dwigubsky, 1932), venom. Venomics, antivenomics, and
neutralization 2 assays of the lethal and toxic venom activities by anti-Macrovipera
lebetina turanica and anti-Vipera berus berus antivenoms. Toxicon: X 6, 10035.

Rahfeld P., Withers SG. Toward universal donor blood: Enzymatic conversion of A and
B to O type. J Biol Chem., 2020, 295(2):325-334. doi: 10.1074/jbc.REVV119.008164.
Reid ME., Lomas-Francis C., Olsson ML. 2012, Blood group antigen. FactsBook, 3rd
ed. Academic Press, Waltham, MA.

Sanz L., Ayvazyan N., Calvete JJ. 2008, Snake venomics of the Armenian mountain
vipers Macrovipera lebetina obtusa and Vipera raddei. J Proteomics, 71, 198-209.
Siigur J., Aaspollu A., Siigur E. 2019, Biochemistry and pharmacology of proteins and
peptides purified from the venoms of the snakes Macrovipera lebetina subspecies.
Toxicon, 158, 16-32.

Stalnaja I. D., Garishvili T. G. Method of Malonic Dialdehide Determination with
Thiobarbituroacid. Biokhimicheskie Metodi Issledovania (Biochemical methods of
investigations). M., 1985, pp. 66—68.

Wu BB., Gu DZ., Yu JN., Yang J., Shen WQ. Association between ABO blood groups
and COVID-19 infection, severity and demise: A systematic review and meta-analy-
sis. Infect Genet Evol., 2020, 84:104485. doi:10.1016/j.meegid.2020.104485.


file:///D:/VERA/bjshkakan/2022/II/Մարինե/v.78
http://dx.doi.org/10.1016/j.toxicon,%202013.12.004
https://www.sciencedirect.com/science/journal/00410101/158/supp/C

