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ABSTRACT

Trichloroethylene (TCE) is a halogenated alkene solvent linked to several cancers and autoimmune
diseases in humans and animals and is a contaminant of the air, water, and soil. Chrysin and rutin are
known to modulate oxidants, antioxidants, and lipotoxicity. However, their mechanistic effect on TCE-
prompted red blood cell injury remains undetermined. This investigation hypothesized that chrysin and
rutin could offer an alleviative influence on TCE-triggered erythrocyte damage. Randomization was
employed to earmark forty-eight rats into eight groups (6 rats/group): control, chrysin and/or rutin (100
mg.kg™" day™"), TCE only (1,000 mg.kg~'day™"), chrysin and/or rutin (100 mg.kg~'day~") treated with
TCE. Rats were pre-treated orally by gavage with flavonoid therapy (chrysin and/or rutin) every day for
fourteen days before administering a single dosage of TCE. Twenty-four hours following TCE admin-
istration, the rats were euthanized, and their blood was taken for biochemical assays. Chrysin and/or
rutin pretreatment pronouncedly (p < 0.05) mitigated TCE-engendered increases in lipids

J. Nat. Sci. Engr. & Tech. 2024, 23(1): 31-47 31



AKAMO, A. ], AWOFESO, B. A.,, OMOTOSO, O., AKINTUNDIE, J. K., OLUJIMI, O. O.,...

(triacylglycerol and cholesterol) concentrations, reactive oxygen/nitrogen specie (NO) levels, lipid pe-
roxidation (MDA) amounts, and myeloperoxidase activity. The two flavonoids equally attenuated TCE-
invoked depletions in haemoglobin, haematocrit, and total thiol levels, antioxidant enzymes
(glutathione-S-transferase, superoxide dismutase, catalase, glutathione peroxidase, glutathione reduc-
tase), and lactate dehydrogenase (LDH). Improved antioxidant status, and activities of LDH in rats
pretreated with the therapeutic agents are indicators of the membrane stability potential of the agents
against the cellular assaults of TCE. Therefore, this study suggests that chrysin and/or rutin pretreat-
ment abated TCE-provoked erythrocytes perturbations in rats possibly via radical trapping, antioxi-
dants augmentation, anti-dyslipidemic mechanisms and positive modulation of LDH activity.

Keywords: Trichloroethylene, rutin, chrysin, erythrocytes, antioxidants, dyslipidemia

INTRODUCTION
Trichloroethylene (TCE) is a chemically
synthesized, non-flammable, volatile, col-
ourless, and lipophilic halogenated alkene
solvent (Dumas ¢# al., 2018; Adamson ¢ al.,
2023). It is primarily used in manufacturing
chemicals, including degreasing,
cleaning, refrigerant, and hydrofluorocar-
bons (Dorsey e al, 2023). Its relatively
short half-life and slow degradation have
led to public health trepidations regarding
its environmental persistence as a pervasive
pollutant in the atmosphere, water, and soil
(Cichocki et al., 2016). Occupational and
non-occupational exposures occur from
breathing it in indoor and outdoor air,
drinking contaminated water, skin contact,
eating foods cleaned or processed, consum-
er products such as adhesives and paint re-
movers (Chiu ez al, 2013; Dorsey et al.,
2023). While advanced countries have strict-
er regulations on TCE usage and enhanced
efforts to recognize innocuous substitutes,
TCE is still commonly used in low-
economy countries (Njokunwogbu e al,
2022).

metal

One of the consequential targets of TCE
toxicity is red blood cells, whose primary
role is to transport oxygen to the visceral
for the oxidation of carbohydrates to gener-
ate ATP and remove the waste product of
metabolism, carbon dioxide, from the vis-

ceral for excretion. Documented investiga-
tions have established that TCE exposure
induces significant decreases in erythrocyte
count, hemoglobin concentration, erythro-
cyte morphology, and leukocyte structures
(Lan ez al., 2010; Cichocki ez al., 2016; Ordaz
et al., 2017; Nwaogwugwu ez al., 2023). These
dysfunctions could negatively impact the ox-
ygen- and carbon dioxide-carrying capacity
of erythrocytes, possibly resulting in tissue
hypoxia, hemolysis, loss of nitric oxide, oth-
erwise called endothelial-derived relaxing
factor, declined intracellular ATP, and glyco-
Iytic enzymes (Akamo ez al., 2021).

Humans and laboratory animals metabolize
TCE via oxidation and glutathione (GSH)
conjugation pathways, producing several tox-
icologically active metabolites, including
chloral hydrate, trichloroacetic acid (TCA),
and dichloroacetic acid, as well as GSH con-
jugation metabolites dichlorovinyl glutathi-
one and dichlorovinyl cysteine (Cichocki ef
al., 2016). So, one of the multidimensional
mechanisms underlying TCE-triggered red
blood cell perturbation is the production of
excessive free radicals. Free radicals damage
cellular biomolecules, including proteins, li-
pids, and DNA (Nwaogwugwu et al., 2023).
Erythrocytes are predominantly susceptible
to oxidative damage because their enhanced
polyunsaturated fatty acids are vulnerable to
reactive oxygen species (ROS)-activated pe-
roxidation (Akamo ez al., 2021). TCE expo-
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sure has been revealed to impair antioxidant
homeostasis and subsequent hemolysis
(Cichocki ez al., 2016; Nwaogwugwu ef al.,
2023).

Research is ongoing to uncover practical
strategies to mitigate the detrimental conse-
quences of xenobiotics and environmental
toxicants, including TCE. Secondary metab-
olites derived from plants (phytochemicals),
animals, and microorganisms have material-
ized as promising therapeutic candidates
and are employed in treating human diseas-
es due to their broad spectrum of pharma-
cological activities, intrinsic and diverse ar-
ray of biological activities, such as antioxi-
dant, anti-inflammatory, and cytoprotective
propensities (Haruna and Yahaya, 2021;
Najmi e/ al., 2022)

Two such phytomedicine with well-
established antioxidant and cytoprotective
capacities are chrysin and rutin. Chrysin, or
5,7-dihydroxy-2-phenyl-4H-chromen-4-one
MW of 254.25 g/mol), is a bioactive fla-
vone molecule found in honey, propolis and
passion flower (Mohammed e a/., 2023; Rao
et al, 2023). Rutin, or quercetin-3-O-
rutinoside (MW of 610.517 g/mol), is a fla-
vonol glycoside widely distributed through-
out the plant kingdom, including fruits and
vegetables, especially buckwheat, the only
cereal that not only contains rutin in its
seeds but has it in a high amount (Brunori ez
al., 2018; Frutos et al., 2019).

Chrysin and rutin individually have broad-
spectrum biological actions such as anti-
cancer, anti-inflammatory, antiviral, antioxi-
dant, antihypertensive, alpha-glucosidase
inhibitory actions, ant-dyslipidemia, and
blood capillary strengthening potentials

(Brunori ez al., 2018; Rao ez al., 2023). Chry-
sin and rutin have been reported to explicitly
stabilize, quench, and neutralize free radicals
such as reactive oxygen species (ROS) and
reactive nitrogen species (RNS); augment the
synthesis of non-enzymatic and enzymatic
antioxidants, thereby assuaging the detri-
mental effect of oxidative stress; inhibit aro-
matase; and inhibit cancer chemopreventive
properties through apoptosis induction and
proliferation inhibition in a diverse range of
human and rat cell models. Chrysin has been
shown to elicit anti-inflammatory potentials
and mitigate against inflammatory responses
evoked by xenobiotics, including TCE
(Brunorti et al., 2018; Frutos ez al., 2019; Mo-
hammed ez al., 2023; Rao ¢t al., 2023).

These functions of chrysin and rutin could
assuage erythrocyte deformability and en-
hance their oxygen/catbon dioxide transpot-
tation aptitude (Akamo ez al., 2021). The sin-
gle or combined protective influence of
chrysin and rutin against TCE-instigated
erythrocytotoxicity remains fuzzy in the sci-
entific literature. Given the well-documented
detrimental consequences of TCE on red
blood cells on the one hand (Nwaogwugwu
et al., 2023) and the advantageous antioxidant
and cytoprotective capacity of chrysin and
rutin on the other hand, it is hypothesized
that single or combined pre-treatment with
chrysin and rutin could rescind TCE-
provoked erythrocytotoxicity and hence may
help to preserve the membrane of RBCs
against TCE induced free radical damage.
This study investigated the therapeutic effi-
cacy of chrysin and rutin on structural dy-
namics, endothelial-derived relaxing factor
(NO), antioxidant status, lipid peroxidation,
triacylglycerol, cholesterol, and LDH activity
in erythrocyte of TCE-exposed rats.
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MATERIALS AND METHODS

Chemicals

The 5,7-dihydroxy-2-phenylchromen-4-one
(CisH1004, CODE: C 2294), quercetin-3-
rhamnoglucoside (C27H30016, CODE: R
1380), ketamine hydrochloride
(CisHi7CLNO, CAS No. 1867-66-9),
xylazine hydrochloride (Ci2Hi7CIN2S, CAS
No. 23076-35-9), haemoglobin kit (Hb, An-
amol, Product Code: LDO01), disodium hy-
drogen phosphate anhydrous (Na:HPOs,
CAS No. 7758-11-4), sodium dihydrogen
phosphate anhydrous (NaH2POa4, CAS No.
7778-77-0), dihydrogen dioxide (H202, CAS
No. 7722-84-1), 2-Methoxyphenol (C7HsOx,
CAS No. 90-05-1), trichloroethanoic acid
(TCA, CCICOOH, CAS No. 76-03-9), p-
aminobenzenesulfonic acid (CeH7NOsS,
CAS No. 121-57-3), orthophosphoric acid
(HsPOs, CAS No. 7664-38-2), 1,2-
Ethanediamine, N-1-naphthalenyl-, dihy-
drochloride (CioH/NHCH2CH2NH22HCI,
CAS No. 1465-25-4), N-(N-L-gamma-
Glutamyl-L-cysteinyl)glycine  (GSH,
CioH17N3OsS, CAS No. 70-18-8), 5,5'-
dithiobis(2-nitrobenzoic acid (DTNB,
Ci1sHsN20sS2, CAS No. 69-78-3), 2,4-
Dinitrochlorobenzene  (DNCB, CsHsCl
(NOz2)2, CAS No. 97-00-7), 2-Amino-2-
(hydroxymethyl)propane-1,3-diol
(CsHuNOs, CAS No. 77-86-1), trihy-
droxybenzene (CéHsOs, CAS No. 87-66-1),
ethylenediaminetetraacetic acid
[{(HOOCCH2)2NCHz}2, CAS No. 60-00-
4], diammonium dioxidomolybdenum
[(NH4)2MoOa, CAS No. 13106-76-8], sodi-
um trinitride (NaNs, CAS No. 26628-22-8),
dihydronicotinamide adenine dinucleotide
phosphate (DHNADP, C21H20N7O17Ps3,
CAS No. 100929-71-3), thiobarbituric acid
(TBA, CaHaN20:2S, CAS No. 504-17-6), and
2-(Acetylsulfanyl)-N,N,N-
trimethylethanaminium iodide (C7H1sINOS,
CAS No. 1866-15-5). Otto Chemie Private

Limited (Maharashtra, India) was contacted
and contracted to supply chrysin. Anamol
kits were secured from Anamol Laboratories
Pvt. Ltd (Kolgaon, Maharashtra 401404, In-
dia). Sigma-Aldrich (St. Louis, MO, 63118,
US) produced the other chemicals. This re-
search employed pure, analytical-grade sub-
stances.

Animal handling

Forty-eight male Wistar rats (13 weeks old,
177-199 g weight) obtained from the Col-
lege of Biosciences, Federal University of
Agriculture, Abeokuta (FUNAAB), were
lined up for this current examination. The
rats were placed in acceptable ventilated
standard plastic rat cages with the pertinent
aspen chippings for bedding in a tempera-
ture-regulated (29 * 2°C) and humidity-
checked (49 £ 3%) vivarium, with a charac-
teristic 12:12 light-dark cycle. The laboratory
animals were fed standard rat feed and had
access to a clean drinking water source with-
out impediment. Before the commencement
of the exploration, all animals spent seven
days adapting to the new surroundings. The
animals got compassionate welfare treatment
as recommended by the FUNAAB Ethical
Committee and in accordance with the
guidelines provided by the United States of
America National Academy of Science
(NRC, 2010). The institution acknowledged
the study protocol and allotted researcher
with the number FUNAAB/COLBIOS/
PG/18/1/0656.

Experimental schedule

Forty-eight acclimatized rats were randomly

allotted into eight groups:

e Control,

e Chrysin (100 mg.kg*day™),

e Rutin (100 mg.kg 'day™),

e Chrysin (100 mgkg'day™) + rutin (100
mgkg'day™),
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e TCE only (1,000 mg.kg'day™),

e Chrysin (100 mgkg'day™) + TCE
(1,000 mg.kg'day™"),

e Rutin (100 mgkg'day™) + TCE (1,000
mgkg'day™),

e Chrysin (100 mgkg™'day™*) + rutin (100
mg.kg~'day™?') + TCE (1,000
mg.kg 'day™), chrysin and/or rutin (100
mg.kg'day™).

The rats were pre-treated orally by gavage
with chrysin and rutin every day for four-
teen (14) days before administering a single
dosage of TCE. Twenty-four hours follow-
ing TCE administration, the rats were eu-
thanized, and their blood was collected. All
administrations were completed between
8.00 a.m. and 9.00 a.m. The motive for opt-
ing for a 100 mg/kg dosage of chrysin/
rutin pretreatment, a healthy dose (El-
Marasy et al., 2019, Bilgin ez al., 2020), and
TCE (1,000 mg/kg) was grounded in the
previous studies (Heydari ez a/., 2017, Luo, et
al., 2018). Sub-acute pretreatment (14 days
for chrysin and rutin) and acute (24 hrs) for
TCE were likewise selected based on the
previous studies (El-Marasy ez al, 2019,
Bilgin ez al., 2020, Heydari ez al., 2017, Luo,
et al., 2018).

Blood collection and processing proce-
dures

Following 14 days of chrysin/rutin treat-
ment and a single dose of TCE on day 15,
rats were submitted to ketamine/xylazine
(100-/10 mg kg-1, IP) administration 24
hours after the last TCE dosage (day 16), as
described by Wellington ez 2/ (2013). The
blood was collected from the retro-orbital
sinus and placed into plain 10 mL vials. Af-
ter allowing the blood to clot, serum was
separated by centrifugation at 3,000 g for 15
minutes at room temperature (30 £ 2°C).
The serum (the clear supernatant) was first

collected. Thereafter, suction was used to
remove the buffy coat and retrieve the eryth-
rocytes (RBCs). RBCs were mixed and
washed in sodium phosphate-buffered saline
(8.1 mM, pH 7.4, 2°C) before being centri-
fuged at 5000 rpm for 10 minutes at 4 de-
grees Celsius. Once more, suction was em-
ployed to remove the supernatant, which was
disposed of properly. More RBCs were
skipped to get rid of any lingering buffy cov-
ering. The washing operation was performed
twice. The adoption of this method resulted
in a final RBC preparation with nearly no
white blood cells. After washing, the RBCs
were lysed by suspending them in an isotonic
Tris-HCI solution at pH 7.6. Until further
biochemical testing could be done, the sam-
ples were frozen at -5 degrees Celsius.

Biochemical investigation

Each assay was spectrophotometrically de-
termined by observing the rise or fall in ab-
sorbance of a specific chromophoric mole-
cule at a particular wavelength.

Haemoglobin assay

Cyanmethemoglobin reagent (5,800 pL) in-
teracts with hemolysate (200 uL). Potassium
ferricyanide transforms hemoglobin into me-
themoglobin, which is then converted to a
stable bright-red cyanmethemoglobin chro-
mogenic complex by potassium cyanide [Hb
+ K3Fe(CN)6+ KCN — Cyanmethemoglo-
bin + K4Fe(CN)6]. This complex's intensity
is comparable to the hemoglobin concentra-
tion designated in the Anamol kit (Tietz,
1995). Whole blood in the heparinized capil-
lary tube was centrifuged using a micro hem-
atocrit centrifuge at 10,000 rpm for 3
minutes to separate the erythrocytes from
plasma. The microhematocrit reader was
used to read the ratio of the erythrocyte lay-
er to the total blood volume provided by the
hematocrit. The hemocytometer was used to
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determine the Leukocyte count as described
by (Tietz, 1995).

Lipid appraisal

Erythrocytes triacylglycerol, and cholesterol
analysis was performed using a quinone
imine-based enzymatic assay described in a
commercially available enzymatic assay kit
called LABKIT (Tietz, 1995).

Triacylglycerol (TAG) assay:is converted
to glycerol (G) and fatty acids (FAs) via lip-
oprotein lipase: TAG + 3H20 — G + FAs.
Dihydroxylacetone phosphate (DHAP) and
hydrogen peroxide (H202) are made when
G3P (glyceraldehyde-3-phosphate) is oxi-
dized by G3P oxidase (G3P + O2 —
DHAP + H202). The H202, 4-amino anti-
pyrine, 4-chlorophenol, and H202 eventu-
ally combine in the presence of peroxidase
to form a red quinone imine (QI): H202 +
4-AAP + 4-CPh — QI + HCI + 4H20.
The intensity of QI dye at 546 nm repre-
sents the TAG level.

Cholesterol esterase catalyzes the hydrolysis
of cholesterol ester, forming cholesterol
(chol) and free fatty acids (chol-ester +
H20O — chol + FAs). Cholesterol oxidase
catalyzes the oxidation of unbound choles-
terol into cholest-4-en-3-one and hydrogen
peroxide (chol + O2 — cholest-4-en-3-one
+ H202). H202 interacts with phenol and
4-amino antipyrine (4-AAP) in the presence
of peroxidase to produce a red-colored qui-
none imine (QI) dye (H202 + Ph + 4-AAP
— QI + 4H20). The dye's optical density is
consistently compared to the cholesterol
contents at 500 nm.

Okxidative stress appraisal
Free radical and ROS generating en-
zyme (myeloperoxidase) appraisal

Myeloperoxidase, an enzyme involved in the
generation of reactive oxygen species, Oxi-
dizes guaiacol to a brownish chromophore
tetraguaiacol product: (4Guaiacol + 4H202
— Tetraguaiacol + 8H20). The intensity of
this colored product, measured at 470 nm,
reflects myeloperoxidase activity in the red
blood cells. (Klebanoff ez al., 1984).

Reactive oxygen/nitrogen specie (nitric
oxide) appraisal

Nitric oxide synthase converts arginine to
citrulline and nitric oxide [2L-arginine +
602 + 3NADPH + 3H+ — 2L-citrulline +
6NO + 6NADP+ + 9H20]. NO3— and
NO2— are products of the oxygen oxidation
of nitric oxide (NO). In the presence of
NADPH, nitrate reductase converts NO3—
to NO2—. A combination of NO2— with
Griess reagents generates a red-violet dye
[NO2— + sulfanilamide/sulfanilic acid —

diazonium  salt, + N-(l1-naphthyl)
ethylenediamine — azo dye]. The dye inten-
sity decides NO content at 520 nm

(Sreejayan and Rao, 1997).

Antioxidants appraisal

We used conventional chemical techniques
to evaluate total reduced thiols (TRSH), glu-
tathione-S-transferase  (GST), superoxide
dismutase (SOD), catalase (CAT), glutathi-
one peroxidase (GPx), and glutathione re-
ductase (GR).

Total reduced thiols (TRSH) appraisal:
TRSH positioned in cysteine, homocysteine,
cysteinylglycine, and glutathione were evalu-
ated. The reduced form of thiols is oxidized
by DTNB |[5,5'-dithiobis(2-nitrobenzoic ac-
id)] to produce 2-nitro-5-thiobenzoic acid
(TNB), a yellow chromophore [R-SH +
DTNB — R-SS-R + TNBJ. The increased
yellow intensity is directly proportional to
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the TRSH level at 420 nm, as demonstrated
by (Prakash ez al., 2009).

Glutathione-S-transferase (GST) ap-
praisal: GST conjugates GSH and 1-chloro
-2, 4-dinitrobenzene (CDNB) to glutathione
conjugate, a yellow chromophore (CDNB +
GSH — CDNB-SG conjugate + HCI). The
upsurge in optical density at 340 nm deter-
mines CDNB-SG conjugate, delivering a
measure of GST enzymatic efficacy (Habig
et al., 1974).

Superoxide dismutase (SOD) appraisal:
Pyrogallol is autoxidized by superoxide ani-
on radical to purpurogallin, a brown chro-
mophoric compound [pyrogallol + O2*- —
purpurogallin], enhancing the absorbance.
SOD sequesters the superoxide anion
(202*%- — H202 + 0O2), consequentially
preventing pyrogallol autoxidation. The de-
creased brown intensity is directly propor-
tional to the degree of pyrogallol autoxida-
tion inhibition and SOD reactivity at 420
nm (Marklund and Marklund, 1974).

Catalase appraisal: Catalase transforms
hydrogen peroxide into water and oxygen
(2H202 — 2H20 + O2). The leftover
H202 reacts with ammonium molybdate to
create a yellow chromogenic complex
(H202 + ammonium molybdate — molyb-
denum complex). At 405 nm, the complex-
evoked reduction in absorbance is inversely
proportionate to leftover H202 but directly
proportionate to catalase bio-catalytic effi-
cacy (Hadwan and Abed, 2016).

Glutathione peroxidase (GPx) appraisal
GPx converts hydrogen (organic) peroxide,
employing GSH as a substrate, to produce
alcohol and GSSG (H202 + 2GSH —
2H20 + GSSG). The reaming GSH reacts
with DTNB to produce oxidized glutathi-

one and 2-nitro-5-thiobenzoic acid (TNB), a
yellow chromogenic molecule [2GSH +
DTNB — GSSG + TNBJ. At 420 nm, the
chromogen-evoked reduction in absorbance
is directly relative to unreacted GSH but in-
versely relative to GPx enzymatic proficiency
(Rotruck ez al., 1973).

Glutathione reductase (GR) appraisal:
GR reduces oxidized glutathione to reduced
glutathione (GSSG + NADPH — 2GSH +
NADP+). The NADPH depletion-induced
decrease in absorbance at 340 nm is un-
swervingly proportionate to the GR enzy-
matic kinetics (Sahreem ez 4/, 2011).

Malondialdehyde (MDA) appraisal
MDA, a lipid peroxidation indicator and thi-
obarbituric acid reactive substance (TBARS)
prototype, interacts with thiobarbituric acid
(TBA) to create a pink chromophoric prod-
uct (MDA + 2TBA — MDA-TBA adduct).
The chromophoric-evoked optical density
increases proportionately to the MDA level
and lipid oxidative disturbance at 523 nm
(Buege and Aust, 1978).

Statistical analysis

Quantitative variables were expressed using
the mean plus or minus the standard error
of the mean (S.E.M.). The group differences
were examined using the Duncan Multiple
Range Test and one-way ANOVA, with sig-
nificance indicated at p < 0.05. All analyses
were conducted using the Statistical Package
for the Social Sciences 20.0. GraphPad Prism
8.0 was used to generate the graphs.

RESULTS

Exposure to TCE led to statistically conse-
quential decreases in hematocrit, hemoglo-
bin, and leukocytes contents by 14.79%,
14.83%, and 10.05%, respectively, compared
to the control group (Fig. 1). However, pre-
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treatment with chrysin or rutin, alone or treated with chrysin and/or rutin were statis-
combined restored the observed perturba- tically similar to those of the standard con-
tion to normalcy. The hematocrit, hemoglo-  trol (Fig, 1).
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Fig. 1: Effect of chrysin and/or rutin 14 days sub-acute chemotherapy on haematoctit
(graph a), haemoglobin contents (graph b), and leukocytes (graph c) contents in trichloro-
ethylene (TCE)-treated rats. The data are shown as mean plus or minus the standard error
of the mean (n = 6 rats). Bars with different alphabets are significantly different.

J. Nat. Sci. Engr. & Tech. 2024, 23(1): 31-47 38



ERYTHROCYTE MEMBRANE-STABILITY AND PROPHYLACTIC POTENTTIALS...

TCE-treated rats evoked a significant de-
crease in erythrocyte lactate dehydrogenase
by 59.73% (Fig. 2). Significant increases of
2157.02% and 1062.92% in myeloperoxi-
dase activity and nitric acid content were
recorded compared to the standard control
group. Nevertheless, However, pre-
treatment with chrysin or rutin, alone or
combined attenuated the TCE-induced de-
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crease in NO by 102.89%, 71.63%, and
111.74%, while also diminishing the TCE-
mediated increase by 60.45%, 40.94%, and
70.25 for MPO and 58.55%, 45.09%, and
74.18 % for NO. The LDH, MPO, and NO
in standard rats given chrysin and rutin
showed no statistically significant difference
compared to the standard group (Fig. 2).
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Fig. 2: Effect of chrysin and/or rutin 14 days sub-acute chemotherapy on RBCs LDH ac-
tivity (graph a), RBCs MPO activity (graph b), and RBCs NO content (graph c) in trichlo-
roethylene (TCE)-treated rats. The data are shown as mean plus or minus the standard er-
ror of the mean (n = 6 rats). Bars with different alphabets are significantly different.
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The study scrutinized the effects (Figure 3)
of chrysin and rutin (at a dose of 100 mg/
kg/day each) on red blood cell major lipids
(triacylglycerol and cholesterol) in rats fol-
lowing TCE administration. The erythro-
cyte triacylglycerol (Fig. 3a) and cholesterol
(Fig. 3b) levels were significantly increased
by 1.36 times each in TCE-treated rats over
baseline control. Nonetheless, prior admin-
istration of chrysin or rutin (100 mg/kg
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each) alone or combined for seven days miti-
gated the reduction in triacylglycerols and
cholesterol by TCE by 20.59%, 15.50%, and
22.37% for TAG and 12.54%, 16.11%, and
232.22% for cholesterol. Moteover, the tri-
acylglycerol and cholesterol contents of typi-
cal baseline rats administered chrysin and
rutin were comparable to those of the base-
line control group.

(b) 2001

2
o
o
o
Ho
U
o
o
ho

Red blood cell
cholesterol (mg/dL)

a o

< <

Chrysin
Rutin
TCE

PR
I
v+
PR
+ 0+ -
+ 0
+ 4+ + -

Fig. 3: Effect of chrysin and/or rutin 14 days subacute chemotherapy on RBCs triacylglyc-
erol level (graph a) and RBCs cholesterol level (graph b) in trichloroethylene (TCE)-treated
rats. The data are shown as mean plus or minus the standard error of the mean (n = 6 rats).
Bars with different alphabets are significantly different.

Trichloroethylene (TCE) exposure caused a
statistically relevant drop in erythrocytes,
reduced glutathione level, glutathione S-
transferase, superoxide dismutase, catalase,
and glutathione peroxidase by 54.18%,
55.85%, 72.14%, 72.31%, and 25.31%, re-
spectively, but elicited a significant rise in
malondialdehyde by 647.72% when com-
pared with the regular control group (Fig.

4). Regardless, chrysin or rutin administered
beforehand, alone or combined countered
the TCE-mediated decline in reduced gluta-
thione level by 72.78%, 43.74%, and
106.38%, glutathione S-transferase activity
by 37.85%, 44.33%, and 97.25%, superoxide
dismutase activity by 91.95%, 41.79%, and
233.01%, catalase activity by 133.59%,
80.77%, and 195.41%, glutathione peroxi-

J. Nat. Sci. Engr. & Tech. 2024, 23(1): 31-47

40



ERYTHROCYTE MEMBRANE-STABILITY AND PROPHYLACTIC POTENTTIALS...

dase activity by 29.83%, 15.78%, and no significant differences in all the analyzed
38.20%, simultaneously decreasing the TCE oxidative stress biomarkers between regular
-induced rises by 27.73%, 58.66%, and rats treated with chrysin and rutin and the
70.98% for malondialdehyde. There were regular control group (Fig. 4).
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Fig. 4: Effect of chrysin and/or rutin 14 days subacute chemotherapy on the GSH con-
centration (graph a), GST activity (graph b), SOD activity (graph c), CAT activity (graph d),
GPx activity (graph e), and GR activity (graph f) in trichloroethylene (TCE)-treated rats.
The data are shown as mean plus or minus the standard error of the mean (n = 6 rats).
Bars with different alphabets are significantly different.
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Pre-treatment with chrysin and/or rutin
remarkably reduced TCE-induced eleva-
tions in triacylglycerol, cholesterol, nitric
oxide, malondialdehyde, and myeloperoxi-
dase activity. Both flavonoids counteracted
the TCE-induced decreases in hemoglobin,
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hematocrit, total thiol levels, and the activi-
ties of antioxidant enzymes (glutathione-S-
transferase, superoxide dismutase, catalase,
glutathione peroxidase, glutathione reduc-
tase) as well as lactate dehydrogenase (LDH)
- Fig. 5.
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Figure 5. Possible mechanism of how chrysin and/or rutin prevent erythrocytotoxicity via
their intrinsic anti-inflammatory and anti-oxidative capacities in the trichloroethylene-

treated Wistar rat model.

Red arrows indicate the reaction pathways of the detrimental impact of trichloroethylene.
Green symbol epitomized the inhibition by chrysin and rutin chemotherapy.

DISCUSSION

The current examination explored the con-
ceivable chemoprophylactic impacts of two
phytonutrients, chrysin and rutin, on TCE-
evoked erythrocytotoxicity in the Wistar

albino rat model. The data of the current
investigation express that TCE exposure
spurred remarkable dynamics in the scruti-
nized parameters related to red blood cell
function, lipid metabolism, oxidative stress,
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and endothelial-derived relaxing factor, ab-
rogated by pre-treatment with chrysin and
rutin, either single or combined.

One of the striking findings of this re-
search is that chrysin and rutin pre-
treatment therapy, either as single or com-
bined interventions, considerably abated
TCE-incited decreases in red blood cell pa-
rameters, namely hematocrit, hemoglobin,
and leukocyte count. Prior studies have
shown that rats exposed to TCE have en-
hanced decreased erythrocyte count, hemo-
globin contents, and leukocytes (Lan ez al.,
2010; Cichocki ¢ al., 2016; Ordaz et al.,
2017; Nwaogwugwu et al., 2023), resulting
in diminished oxygen-transporting capabil-
ity and potential tissue hypoxia (Dumas et
al., 2018). Researchers have also noted that
TCE depletes the body's immune system,
leading to susceptibility to infection and
autoimmune diseases, including scleroder-
ma (Winans ef al, 2011). The findings of
this current study suggest that chrysin and
rutin mitigate these detrimental outcomes
by preserving erythrocyte and leukocyte
integrity and role, probably via their antioxi-
dant and anti-inflammatory proclivities.

Results of the study also illustrate that
chrysin and rutin pre-treatment, either sin-
gly or combined, remarkably ricocheted to
varying degrees the TCE-occasioned de-
crease in erythrocyte lactate dehydrogenase
enzymatic activity and TCE-triggered in-
creases in myeloperoxidase activity, and ni-
tric oxide contents. Erythrocyte LDH activ-
ity appraisal provides perspicuity into their
membranes' integrity, as erythrocytes rely
exclusively on glucose derived from the gly-
colytic pathway for intracellular ATP pro-
duction (Kato e# al., 2006). Previous studies
have documented that xenobiotics can in-
duce the depletion of erythrocytes' LDH

and ATP levels (Makni e al., 2012; Ramdani
et al., 2014). Depleted ATP is responsible for
the fragmentation, distortion, vesiculation,
vacuolization, and eryptosis of erythrocyte
membranes (Akamo e al, 2021). Neverthe-
less, chrysin and rutin significantly rescinded
“TCE-engendered decline” in LDH activity,
and therefore possibly maintained erythro-
cyte plasma membrane architecture and in-
tegrity.

Myeloperoxidase (MPO), a heme-containing
peroxidase, is abundantly expressed in im-
mune cells, including neutrophils, lympho-
cytes, monocytes, and macrophages (Khan e#
al., 2018). MPO is the sole peroxidase that
employs H20: to oxidize halides and pseu-
dohalides to hypohalous acids, a ROS with
antibacterial properties. Controlled MPO
release at the site of infection is crucial for
its practical actions (Klebanoff, 2005). Un-
controlled degranulation worsens inflamma-
tion and damages tissue even without in-
flammation. MPO-detived oxidants are con-
nected to tissue damage and the etiology of
critical chronic illnesses, including rheuma-
toid arthritis, cardiovascular disease, liver dis-
ease, diabetes, and cancer (Klebanoff, 2005;
Lacy, 2000). Thus, elevated MPO activity is a
promising biomarker for inflaimmatory and
oxidative damage in these prevalent illnesses
(Khan ez al., 2018). In this context, TCE ex-
posure acts as an inflammatory stimulus that
triggers an immune reaction. Regardless,
chrysin and rutin remarkably annulled the
TCE-elicited increase in MPO activity, there-
by reducing oxidative injury and inflamma-
tion.

Elevated nitric oxide (NO) has been con-
nected to oxidative stress, endothelial dys-
function, and hypotension (Wong et al,
2015). The observed dynamics in NO indi-
cate that chrysin and rutin may exert chemo-
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protective influences against TCE-mediated
oxidative stress and inflammation, thereby
preserving erythrocyte function and viabil-
ity and reversing hypotension.

Further, findings from the study display the
role of chrysin and rutin pre-treatment on
red blood cell lipid levels, specifically triacyl-
glycerol and cholesterol. TCE exposure has
been linked to disruption of lipid homeo-
stasis, characterized by elevated lipid levels
(Zamanian ez al., 2018), which in turn has
been implicated in cardiovascular disease
and other metabolic disorders (Iritas ef al.,
2021). The data from the present study indi-
cate that chrysin and rutin may mitigate
TCE-induced dyslipidemia by reducing lipid
accumulation in erythrocytes, perhaps via
their ability to modify lipid metabolism and
transport.

The chemopreventive outcome of chrysin
and rutin against TCE-instigated erythrocy-
totoxicity further aligned with results on red
blood cell antioxidant status (Nwaogwugwu
¢t al., 2023). TCE-treated rats have been rec-
orded to upset redox status, exacerbating
oxidative stress and cellular injury. In this
research, chrysin and rutin pre-treatment
abrogated TCE-invoked decline in antioxi-
dant enzyme activities, namely lutathione S-
transferase, superoxide dismutase, catalase,
and glutathione peroxidase. Attenuation of
these antioxidant enzymes could be a result
of their amplified functional activities to
either inhibit, quench, neutralize, or scav-
enge TCE-generated reactive metabolites
and TCE-provoked ROS or RNS (Cichocki
et al., 2016; Nwaogwugwu ¢f al., 2023). TCE
also concomitantly enhanced malondialde-
hyde levels (Lin e al, 2022), a marker of
lipid peroxidation.The data suggest that
chrysin and rutin may augment antioxidant
defenses, enhance antioxidant action, and

mitigate oxidative stress, thereby protecting
against TCE-mediated red blood cell dys-

function.

The chemopreventive machinery of chrysin
and rutin against TCE-activated dysfunction
encompasses their antioxidant, anti-
inflammatory, and lipid-lowering properties.
Chrysin and rutin have been shown to scav-
enge free radicals, inhibit inflammatory path-
ways, and modulate lipid metabolism in vari-
ous experimental models (Brunori ez al,
2018; Frutos et al., 2019; Mohammed ef 4/,
2023; Rao ez al., 2023)). Also, their capability
to augment antioxidant enzyme activities and
reduce oxidative stress biomarkers may con-
tribute to their preventive role against TCE-
mediated erythrocytotoxicity.

Conclusively, this exploration highlighted the
chemoprophylactic and therapeutic interven-
tion outcomes of chrysin and rutin against
TCE-elicited erythrocytotoxicity in rats via
free radical scavenging, improved antioxidant
protein, anti-dyslipidemia, and membrane
stabilizing potential demonstrated by positive
changes in the levels of antioxidant enzymes,
lipid profile, hematology profile and LDH
activities in the rats.
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