" PEQEPATU CTATEMW, ONYBJIIKOBAHUX
B «CYTOLOGY AND GENETICS», Ne 5, 2024 p.

CYTOPROTECTIVE IMPACT

OF CHRYSIN (5, 7- DIHYDROXYFLAVONE)
UPON CYCLOPHOSPHAMIDE-
ADMINISTERED EXPERIMENTAL
ANIMALS

B. MADAKKANNU ', A. PANDI 2, B. RADHA ¥,
A.A. CRUZ?, S. SUKUMARAN *

' Department of Zoology, University of Madras, Guindy Campus,
Chennai, 600025, Tamil Nadu, India

2 Department of Zoology, PMT College (Affiliated to Manonmaniam
Sundaranar University), Melaneelithanallur — 627 953, Tenkasi District,
Tamil Nadu, India

% Department of Veterinary Microbiology, Veterinary College
and Research Institute, Namakkal-637002, Tamilnadu

4 Department of Botany, Sree Devi Kumari Women’s College,
Kuzhithurai — 629 163, Tamil Nadu, India

* Corresponding Author: B. Radha, babumkubct@gmail.com

Chemotherapeutics are widely recognized for their adverse
side-effects during anti-cancer regiments. One of the com-
plementary approaches to circumvent this dilemma could
be the exploitation of natural compounds, which could op-
timally counteract the cellular damages during chemothe-
rapy. The present study ventures to evaluate the natural
Sflavonoid, Chrysin (5, 7-dihydroxyflavone) for its thera-
peutic immunomodulatory properties along with the che-
motherapeutic drug, Cyclophosphamide (CP). Male Wistar
albino rats were utilized for this study. Assays were con-
ducted for Acute Toxicity, Hemolysis, Phagocytosis, Natural
Killer (NK) cell cytotoxicity, and oxidative stress. RT-PCR,
ELISA and Western Blot were performed to assess the ex-
pression of inflammatory markers. Assay results such as
Phagocytosis Index ( 0.009 = 0.001), NK Cell cytotoxicity
(61.10 = 4.99 % ), expression of Perforin (0.45 £ 0.05
fold) and Granzyme (0.86 £ 0.01 fold ), hepatic antioxida-
tive enzymes GSH (27.75 £ 1.54 ug/mg ), SOD (7.10 =
+ 0.35 U/mg) and CAT (249.06 = 31.30 mM/Min/mg)
and splenic hepatic antioxidative enzymes GSH (20.88 +
+0.74 ug/mg), SOD (7.10 = 0.35 U/mg) and CAT (249.06 =
* 31.30 mM/Min/mg) among the CP-treated groups were
compared with those for the CP+Chrysin treated groups
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which were evaluated to be significantly increased with
values of 0.016 = 0.001, §2.73 = 2.87 %, 0.77 £ 0.08
fold, 1.11 = 0.02 fold, 47.60 = 3.02 ug/mg, 08.97 =+
+ 0.42 U/mg, 467.19 = 15.92 mM/Min/mg, 29.02 =+
+ 159 ug/mg, 517 £ 094 U/mg, 310.29 =
+ 9.1330 mM/Min/mg, respectively. Histopathological
examination indicated that CP+Chrysin treated groups
could recover from cellular damage triggered during the
CP treatment. Results indicate the cytoprotective role of
Chrysin, which in turn, could be reliably administered as
a complementary therapy along with CP during chemo-
therapy.

Key words: Chemotherapeutic agents, Cyclophosphamide,
Chrysin, Inflammation, Toxicity.

LIUTOTMTPOTEKTOPHU BIUUIUB XPU3UHY
(5, 7-IATIIPOKCUDIIABOHY) HA TBAPUH,
AKUM EKCITEPUMEHTAJILHO BBOJIMJIU
LHUKITODOCDAMI/I

XiMioTepaneBTUYHI MpenapaTd IIMPOKO BiIOMi CBO-
iMU HECTPUSTIMBUMU MOOIYHMMU edeKTamu IiJ yac
JIIKYBaHHSI OHKOJIOTIYHUX 3aXBOploBaHb. OAHUM i3 10-
JIaTKOBUX IMiAXOMIiB A0 BUPILIEHHS L€l TUJIEMU MOXKE
OyTM BMKOPMCTAHHS INMPUPONHMX CIOJYK, SIKI MOXYTb
OINTUMAJIbHO TPOTUMISITA ITOIIKOMXKEHHIO KJTUH ITif
yac XimioTeparrii. MeTol LbOro AOCTIIKEHHS OYJI0
OLIIHUTHU TIPUPOIHUI (pJIaBOHOIN, XpU3uH (5,7-murinpo-
KcuJIaBOH), Ha TPeAMET HOro TepareBTUIHUX iMYHO-
MOIYJIIOIOUMX BJACTMBOCTEN Yy TOEIHAHHiI 3 XiMioTe-
paneBTUYHUM TIpernapatoM mukiogocdamimom (LID).
VY uboMy JOCHIIKEHHI BUKOPUCTOBYBAJIU CaMIliB-ajib-
0iHociB muieit JdiHil Bicrtap. byno npoBeaeHo moc-
JIKEHHST TOCTPOI TOKCUYHOCTI, TeMoJtizy, (aroiurosy,
LIMTOTOKCUYHOCTI mpupoaHux KinepiB (ITK) Ta okcu-
IaTuBHOro ctpecy. /st OLIHKM eKcrpecii MapKepiB
3anajieHHs Oyno BukopucraHo IIJIP-3T, IMA Ta
BecrepH-0norTuHr. Taki pe3yibTaTU OOCTIIXKEHHS, SIK
iamekc darouurody (0,009 * 0,001), piBeHb LMTO-
TOKCMYHOCTI MpUpogHUX Kimepi (61,10 = 4,99 %),
rnmokasHuku excrmpecii epcdopuny (0,45 + 0,05 pasis)
ta tpaHsuMy (0,86 = 0,01 pasiB), aHTHOKCHUIAHTHHX
depmenTiB nevinku, GSH (27,75 = 1,54 wmkr/mr),
CcoJ (7,10 £ 0,35 om/mr) Tta karanasu (249,06 +
+ 31,30 MKM/xB/MI), a TakKoX aHTUOKCUAAHTHUX
depmeHTiB cenesinku i mewinku, GSH (20,88 =+
+ 0,74 mxr/mr), COJ (7,10 = 0,35 om/mr) i Karanasu
(249,06 = 31,30 MxM/xB/MT) y Tpylax, SIKMM BBOIMJIN
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LI®, mopiBHSIM 3 MOKA3HUKAMM TPYI, SIKUM BBOIM-
m L®+xpusnH. byno BUSBICHO 3HAYHI MMiABUILIEHHS
sHayens: 0,016 = 0,001, 82,73 + 2,87 %, 0,77 =+
+ 0,08 pasis, 1,11 £ 0,02 paszis, 47,60 = 3,02 MKr/mr,
08,97 + 0,42 on/mr, 467,19 * 15,92 MxM/xB/w™mr,
29,02 = 1,59 mkr/mr, 5,17 £ 0,94 on./mr, 310,29 =
+ 9,1330 mxM/xB/mr, BinmoigHo. [icromartosoriyHe
MOCTIIKEHHS TT0KAa3aJIo, IO TPYIHU, SIKi OTPUMYBaIU
LI ®+xpu3nH, MOIIM BiTHOBUTHUCS ITiCJISI TTOIIKOIKEH-
HSl KJIITUH, BUKJIMKAHOIO JIIKYBaHHSIM 3a JIOTIOMOTOIO
LH®. PesynbraTy MNOKa3ajiyd LUTOIPOTEKTOPHY pOJb
XpU3UHY, SIKMI MOXHa BBOAMTU B SIKOCTi HaIiliHOL
nmomatkoBoi Tepamii y moemHanHi 3 LMD mig yac xi-
MioTepartii.

Karouoei caosa: ximioreparieBTUUHI IIperiapaTu, LHUKJIIO-
dochamin, Xxpus3nH, 3anajeHHs!, TOKCUYHICTb.

REFERENCES

Boothapandi M, Ramanibai R (2019) Immunomo-
dulatory effect of natural flavonoid chrysin (5,
7-dihydroxyflavone) on LPS stimulated RAW 264.7
macrophages via inhibition of NF-kB activation.
Process Biochem 1(84):186—195

Boothapandi M, Ravichandran R (2018) Antiprolifera-
tive activity of chrysin (5, 7-dihydroxyflavone) from
Indigofera tinctoria on human epidermoid carcinoma
(A431) cells. Eur J Integr Med 1(24):71—78

Bose B, Chung EY, Hong R et al (2022) Immu-
nosuppression therapy for idiopathic membranous
nephropathy: systematic review with network meta-
analysis. J Nephrol 35(4):1159—1170. https://doi.org/
10.1007/s40620-022-01268-2

Bradford MM (1976) A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem 7(72):248—254. https://doi.org/10.1006/
abio.1976.9999

Chang Y, Guo A, Jing Y et al (2021) Immunomodulatory
activity of puerarin in RAW264.7 macrophages and
cyclophosphamide-induced immunosuppression mice.
Immunopharmacol Immunotoxicol 43(2):223—229.
https://doi.org/10.1080/08923973.2021.1885043

Chen X, Bi M, Yang J et al (2022) Cadmium exposure
triggers oxidative stress, necroptosis, Thl1/Th2 im-
ba-lance and promotes inflammation through the
TNF-a/NF-«B pathway in swine small intestine. J
Hazard Mater 421:126704. https://doi.org/10.1016/j.
jhazmat.2021.126704

Chen X, Sun W, Xu B et al (2021) Polysaccharides
from the roots of Millettia speciosa champ modulate
gut health and ameliorate cyclophosphamide-indu-
ced intestinal injury and immunosuppression. Front
immunol 12, p.766296. https://doi.org/10.3389/fimmu.
2021.766296

82

Dantas AC, Batista-Junior FF, Macedo LF et al
(2010) Protective effect of simvastatin in the cy-
clophosphamide-induced hemorrhagic cystitis in rats.
Acta Cir Bras 25:43—46. https://doi.org/10.1590/
s0102-86502010000100011

Dollery C, Therapeutic Drugs., Edinburg, UK: Churchill
Livingstone

Ekeanyanwu RC, Njoku OU (2014) Acute and subacute
oral toxicity study on the flavonoid rich fraction of
Monodora tenuifolia seed in albino rats. Asian Pac J
Trop Biomed 4(3):194—202. https://doi.org/10.1016/
S2221-1691(14)60231-8

Ganeshpurkar A, Saluja AK (2018) Protective effect of
catechin on humoral and cell mediated immunity
in rat model. Int Immunopharmacol 54:261—266.
https://doi.org/10.1016/j.intimp.2017.11.022

GLOBOCAN 2020: New Global Cancer Data. URL:
https://www.uicc.org/news/globocan-2020-new-
global-cancer-data; Accessed on 20-July-2023

Gunawan S, Broeke CT, Ven PV et al (2016) Parental
experiences with chemotherapy-induced alopecia
among childhood cancer patients in Indonesia. Asian
Pac J Cancer Prev 17(4):1717—1723. https://doi.
org/10.7314/apjcp.2016.17.4.1717

Gutteridge JM (1995) Lipid peroxidation and antioxi-
dants as biomarkers of tissue damage. Clinical che-
mistry 41(12):1819—1828

Hartner L (2018) Chemotherapy for oral cancer. Dental
Clinics 62(1):87—97

Hassan MSU, Ansari J, Spooner D et al (2010) Che-
motherapy for breast cancer. Oncol Rep 24(5):1121—
1131

Hutter D, Greene JJ (2000) Influence of the cellular
redox state on NF-kB-regulated gene expression. J
Cell Physiol 183(1):45—52. https://doi.org/10.1002/
(SICI)1097-4652(200004)183:1<45::AID-
JCP6>3.0.CO;2-P.

Inoue H, Tani KJ (2014) Multimodal immunogenic
cancer cell death as a consequence of anticancer
cytotoxic treatments. Cell Death Differ 21(1):39—49.
https://doi.org/10.1038/cdd.2013.84

Ishwarya M, Narendhirakannan RT (2017) 3,4 Di-
hydroxycinnamic acid stimulates immune system
function by modifying the humoral antibody res-
ponse. An in vivo study. Cell Immunol 314:10—17.
https://doi.org/10.1016/j.cellimm.2017.01.006

Jiao X, Zhang X, Li N et al (2021) Treg deficiency-
mediated TH1 response causes human premature
ovarian insufficiency through apoptosis and steroi-
dogenesis dysfunction of granulosa cells. Clin Transl
Med 11(6):p.e448. https://doi.org/10.1002/ctm?2.448

King PD, Perry MC (2001) Hepatotoxicity of che-
motherapy. The oncologist 6(2):162—176

Kumar VP, Venkatesh YP (2016) Alleviation of cyc-

ISSN 0564—3783. Llumonoeia i cenemuxa. 2024. T. 58. Ne 5



[ ] Peghepamu cmameil, onyoaixoeanux ¢ «Cytology and Genetics», No 5, 2024 p. |

lophosphamide-induced immunosuppression in Wis-
tar rats by Onion lectin (Allium cepa agglutinin). J
Ethnopharmacol 20:186:280—288. https://doi.org/
10.1016/j.jep.2016.04.006

La Mantia L, Milanese C, Mascoli N et al (2002)
Cyclophosphamide for multiple sclerosis. Cochrane
Database Syst Rev https://doi.org/10.1002/14651858.
CD002819.pub2

Lalla RV, Brennan MT, Gordon SM et al (2019) Oral
mucositis due to high-dose chemotherapy and/or
head and neck radiation therapy. J Natl Cancer
Inst Monogr (53):1gz011. https://doi.org/10.1093/
jncimonographs/Igz011

Lee J, Choi JW, Sohng K et al (2016) The immu-
nostimulating activity of quercetin 3-O-xyloside in
murine macrophages via activation of the ASKI/
MAPK/NF-«B signaling pathway. Int Immunophar-
macol 31:88—97. https://doi.org/10.1016/j.intimp.
2015.12.008

Li X, Huang Q, Ong CN et al (2010) Chrysin sensitizes
tumor necrosis factor-a-induced apoptosis in human
tumor cells via suppression of nuclear factor-
kappa B. Cancer Lett293(1):109—116. https://doi.
org/10.1016/j.canlet.2010.01.002

Li Y, Yu P, Fu W et al (2021) Ginseng-Astragalus-
oxymatrine injection ameliorates cyclophosphamide-
induced immunosuppression in mice and enhan-
ces the immune activity of RAW264.7 cells. J
Ethnopharmacol 279:114387. https://doi.org/10.1016/
jjep.2021.114387

Liu L, Li H, Xu RH et al (2017) Exopolysaccharides
from Bifidobacterium animalis RH activates RAW
264.7 macrophages through toll-like receptor 4.
Food Agric Immunol 28(1):149—161

Lyman GH, Abella E, Pettengell R (2014) Risk factors
for febrile neutropenia among patients with cancer
receiving chemotherapy: a systematic review. Crit
Rev Oncol 90(3):190—199. https://doi.org/10.1016/j.
critrevonc.2013.12.006

Masella R, Di Benedetto R, Vari R et al (2005) Novel
mechanisms of natural antioxidant compounds
in biological systems: involvement of glutathione
and glutathione-related enzymes. J Nutr Biochem
16(10):577—586. https://doi.org/10.1016/j.jnutbio.2005.
05.013.

Michael A, Syrigos K, Pandha H (2009) Prostate cancer
chemotherapy in the era of targeted therapy. Prostate
Cancer Prostatic Dis 12(1):13—16

Mirzaei S, Saghari S, Bassiri F et al (2022) NF-xB as a
regulator of cancer metastasis and therapy response:
A focus on epithelial—mesenchymal transition. J Cell
Physiol 237(7):2770—2795. https://doi.org/10.1002/
jcp.30759

Misra HP, Fridovich 1 (1972) The role of superoxide

ISSN 0564—3783. Llumonoecia i eenemura. 2024. T. 58 No 5

anion in the autoxidation of epinephrine and a
simple assay for superoxide dismutase. J Biol Chem
25;247(10):3170-3175. PMID: 4623845

Moraes JP, Pereira DS, Matos AS et al (2013) The
ethanol extract of the inner bark of Caesalpinia
pyramidalis (Tul.) reduces urinary bladder damage
during cyclophosphamide-induced cystitis in rats. Sci
World J Jan 1. https://doi.org/10.1155/2013/694010

Moron MS, Depierre JW, Mannervik B (1979) Levels
of glutathione, glutathione reductase and glutathione
S-transferase activities in rat lung and liver. Bio-
chim Biophys Acta 582(1):67—8. https://doi.org/10.
1016/0304-4165(79)90289-7

Nafees S, Rashid S, Ali N et al (2015) Rutin ameliorates
cyclophosphamide induced oxidative stress and in-
flammation in Wistar rats: role of NFkxB/MAPK
pathway. Chem-Biol Interact 231:98—107. https://
doi.org/10.1016/j.¢bi.2015.02.021

Nathan C, Shiloh MU (2000) Reactive oxygen and
nitrogen intermediates in the relationship between
mammalian hosts and microbial pathogens. Proc
Natl Acad Sci 97(16):8841—8848. https://doi.org/
10.1073/pnas.97.16.8841

Naval J, Villacampa MJ, Goguel AF, Uriel J (1985)
Cell-type-specific receptors for alpha-fetoprotein in a
mouse T-lymphoma cell line. Proc Natl Acad Sci
82(10):3301—3305. https://doi.org/10.1073/pnas.82.
10.3301

Niakani A, Farrokhi F, Hasanzadeh S (2013) Deca-
peptyl ameliorates cyclophosphamide-induced repro-
ductive toxicity in male Balb/C mice: histomorpho-
metric, stereologic and hormonal evidences. Iran J
Reprod Med 11(10):791

Novin MG, Alvani MS, Balani MM et al (2022) The-
rapeutic effects of edaravone on azoospermia: free
radical scavenging and autophagy modulation in
tes-ticular tissue of mice. J Reprod Infertil 23(2):73.
https://doi.org/10.18502/jri.v23i2.8990

Olayinka ET, Ore A, Ola OS et al (2015) Ameliorative
effect of gallic acid on cyclophosphamide-induced
oxidative injury and hepatic dysfunction in rats.
Med Sci 3(3):78—92. https://doi.org/10.3390/medsci
3030078

Prager 1, Watzl C (2019) Mechanisms of natural kil-
ler cell-mediated cellular cytotoxicity. J Leukoc Biol
105(6):1319—1329. https://doi.org/10.1002/JLB.MRO
718-269R

Pratheeshkumar P, Kuttan G (2010) Cardiospermum
halicacabum inhibits cyclophosphamide induced
immunosuppression and oxidative stress in mice and
also regulates iNOS and COX-2 gene expression in
LPS stimulated macrophages. Asian Pac J Cancer
Prev 11(5):1245—1252

Rasheed HM, Rasheed F, Qureshi AW et al (2016) Im-

83



[ | Peghepamu cmameil, onybaixoeanux ¢ «Cytology and Genetics», No 5, 2024 p. [ |

munostimulant activities of the aqueous methanolic
extract of Leptadenia pyrotechnica, a plant from
Cholistan desert. J Ethnopharmacol 186:244—250.
https://doi.org/10.1016/j.jep.2016.03.039

Rego AC, Vesce S, Nicholls DG (2001) The mechanism
of mitochondrial membrane potential retention
following release of cytochrome C in apoptotic GT1-
7 neural cells. Cell Death Differ 8(10):995—1003.
https://doi.org/10.1038/sj.cdd.4400916

Reilly CA, Aust SD (1999) Measurement of lipid pe-
roxidation. Curr Protoc Toxicol (1):2—4. https://doi.
org/10.1002/0471140856.tx0204s00

Ritter AT, Shtengel G, Xu CS et al (2022) ESCRT-
mediated membrane repair protects tumor-derived
cells against T cell attack. Science 376(6591):377—
382. https://doi.org/10.1126/science.abl3855

Ruggiero A, Rizzo D, Catalano M et al (2018) Acute
chemotherapy-induced nausea and vomiting in
children with cancer: Still waiting for a common
consensus on treatment. Int J Med Res 46(6):2149—
2156. https://doi.org/10.1177/0300060518765324

Sak K (2012) Chemotherapy and dietary phytochemical
agents. Chemotherapy Res Pract. https://doi.org/
10.1155/2012/282570

Salem ML, Matsuzaki G, Madkour GA et al (1999)
Beta-estradiol-induced decrease in IL-12 and TNF-
o expression suppresses macrophage functions in the
course of Listeria monocytogenes infection in mice.
Int J Immunopharmacol 21(8):481—497. https://doi.
org/10.1016/s0192-0561(99)00027-2

Salva S, Marranzino G, Villena J et al (2014) Probiotic
Lactobacillus strains protect against myelosuppression
and immunosuppression in cyclophosphamidetrea-
ted mice. Int Immunopharmacol 22(1):209—221.
https://doi.org/10.1016/j.intimp.2014.06.017

Sangeetha P, Das UN, Koratkar R et al (1990) Increase
in free radical generation and lipid peroxidation
following chemotherapy in patients with cancer.
Free Radic Biol Med 8(1):15—19. https://doi.org/
10.1016/0891-5849(90)90139-a

Saxena M, Saxena J, Nema R et al (2013) Phytochemistry
of medicinal plants. J Pharmacogn Phytochem 1(6).

Schwab CE, Tuschl H (2003) In vitro studies on the
toxicity of isoniazid in different cell lines. Human
Experim Toxicol 22(11):607—615. https://doi.org/10.
1191/0960327103ht4010a

Senthilkumar S, Devaki T, Manohar BM et al (2006)
Effect of squalene on cyclophosphamide-induced
toxicity. Clin Chim Acta 364(1—2):335—342. https://
doi.org/ 10.1016/j.cca.2005.07.032

Shokrzadeh M, Ahmadi A, Chabra A et al (2014)
An ethanol extract of Origanum vulgare attenu-
ates cyclophosphamide-induced pulmonary injury
and oxidative lung damage in mice. Pharm Biol

84

52(10):1229—1236. https://doi.org/10.3109/1388020
9.2013.879908

Simpson MA, Gozzo JJ (1978) Spectrophotometric
de-termination of lymphocyte mediated sheep red
blood cell hemolysis in vifro. J Immunol Meth 21
(1—2):159—165. https://doi.org/10.1016/0022-1759(78)
90232-6

Sinha AK (1972) Colorimetric assay of catalase. Anal
Biochem 47(2):389—394. https://doi.org/10.1016/
0003-2697(72)90132-7

Sonenshein GE (1997) Rel/NF-kB transcription
factors and the control of apoptosis. Semin Cancer
Biol 8(2):113—119. https://doi.org/10.1006/scbi.1997.
0062

Souza LC, Antunes MS, Filho BC et al (2015) Fla-
vonoid Chrysin prevents age-related cognitive decli-
ne via attenuation of oxidative stress and
modulation of BDNF levels in aged mouse brain.
Pharmacol Biochem Behav 134:22—30. https://doi.
org/10.1016/j.pbb.2015.04.010

Suleyman H, Gul HI, Asoglu M (2003) Anti-inflam-
matory activity of 3-benzoyl-1-methyl-4-phenyl-4-
piperidinol hydrochloride. Pharmacol Res Commun
47(6):471—475. https://doi.org/10.1016/s1043-6618(03)
00015-x

Susskind BM, Chandrasekaran J (1987) Inhibition of
cytolytic T lymphocyte maturation with ornithine, ar-
ginine, and putrescine. J Immunol 139(3):905—912

Suvarna SK, Layton C, Bancroft JD (2013) Theory
and practice of histological techniques. Pbl London
Churchill Livingstone Elsevier 173—187 p

Tanaka T, Narazaki M, Kishimoto T (2014) IL-6 in
inflammation, immunity, and disease. Cold Spring
Harbor. Perspect Biol 6(10):a016295. https://doi.org/
10.1101/cshperspect.a016295

Tekin S, Seven E (2022) Assessment of serum catalase,
reduced glutathione, and superoxide dismutase ac-
tivities and malondialdehyde levels in keratoconus
patients. Eye 36(10):2062—2066. https://doi.org/10.
1038/s41433-021-01753-1

Teles KA, Medeiros-Souza P, Lima FA et al (2017)
Cyclophosphamide administration routine in auto-
immune rheumatic diseases: a review. Rev Bras Reu-
matol Engl Ed 57:596—604. https://doi.org/10.1016/].
rbre.2016.09.008

Van Horssen R, Ten Hagen TL, Eggermont AM (2006)
TNF-o in cancer treatment: molecular insights,
antitumor effects, and clinical utility. Oncol 11(4):
397—408. https://doi.org/10.1634/theoncologist.11-
4-397

Villar IC, Jiménez R, Galisteo M et al (2002) Effects
of chronic chrysin treatment in spontaneously hy-
pertensive rats. Planta Med 68(09):847—850. https://
doi.org/10.1055/s-2002-34400

ISSN 0564—3783. Llumonoeia i cenemuxa. 2024. T. 58. Ne 5



[ ] Peghepamu cmameil, onyoaixoeanux ¢ «Cytology and Genetics», No 5, 2024 p. |

Voiculescu CL, Rosu L, Rogoz S (1988) Modulation
of mouse spleen natural killer (NK) cell activity by
beta-interferon, interleukin-1, and prostaglandins.
Lymphology 21(3):144—151

Wang CC, Huang YJ, Chen LG et al (2002) Inducible
nitric oxide synthase inhibitors of Chinese herbs III.
Rheum palmatum. Planta Medica 68(10):869—874.
https://doi.org/10.1055/s-2002-34918

Won JH, Im HT, Kim YH et al (2006) Anti-inflam-
matory effect of buddlejasaponin IV through the in-
hibition of iNOS and COX-2 expression in RAW
264.7 macrophages via the NF-xB inactivation. Br J
Pharmacol 148(2):216. https://doi.org/10.1111/cas.
14933

Yasuda H, Yasuda M, Komatsu N (2021) Chemotherapy
for non-Hodgkin lymphoma in the hemodialysis pa-
tient: A comprehensive review. Cancer Sci 112(7):
2607—2624. https://doi.org/10.1111/cas.14933

Yu Q, Nie SP, Wang JQ et al (2014) Chemoprotective
effects of Ganoderma atrum polysaccharide in cyclo-
phosphamide-induced mice. Int J Biol Macromol

ISSN 0564—3783. Llumonoecia i eenemura. 2024. T. 58 No 5

64:395—401. https://doi.org/10.1016/j.ijbiomac.2013.
12.029

Yuan W, Dasgupta A, Cresswell P (2006) Herpes sim-
plex virus evades natural killer T cell recognition
by suppressing CDI1d recycling. Nat Immunol
7(8):835—842. https://doi.org/10.1038/nil 364

Zhai J, Zhang F, Gao S et al (2018) Schisandra chinensis
extract decreases chloroacetaldehyde production in
rats and attenuates cyclophosphamide toxicity in li-
ver, kidney and brain. J Ethnopharmacol 210:223—
31. https://doi.org/10.1016/.jep.2017.08.020

Zhao G, Kan J, Li Z et al (2005) Characterization and
immunostimulatory activity of an (1—6)-aD-glucan
from the root of Ipomoea batatas. Int Immunopharm
5(9):1436—1445. https://doi.org/10.1016/j.intimp.2005.
03.012

Received June 20, 2023
Received July 20, 2023
Accepted September 18, 2024

85




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


