
The interaction of silver-enriched clinoptilolite
with mammalian immunocompetentcells

Paryzhak S.Ya. 1, DumychT.I. 1, KlyuchivskaO.Yu. 2, MankoN.O. 2, GryshchoukG.V. 3, 
VasylechkoV.O.3, StoikaR.S. 1 ,2 ,3

1 DanyloHalytskyLvivNational Medical University; 2 Institute of Cell Biology, National 
Academy of Sciences of Ukraine; 3 Ivan FrankoNational University of Lviv

E-mail: sola.paryzhak@gmail.com

Acknowledgements: Thiswork waspartiallyfundedby the Ministry of EducationandSciencesof Ukraine(GrantKhA-87F,2019-2021).

References:
1.YǊŀƭƧŜǾƛŏtŀǾŜƭƛŏS,{ƛƳƻǾƛŏMedicaJ,DǳƳōŀǊŜǾƛŏD,CƛƭƻǑŜǾƛŏA,tǊȌǳƭƧN,tŀǾŜƭƛŏK. Criticalreviewon zeoliteclinoptilolite safetyandmedicalapplicationsin vivo //
FrontPharmacol.-2018.-9.-P. 1350.
2. VasylechkoV., KlyuchivskaO., MankoN., GryshchoukG., KalychakYa., ZhmurkoI., StoikaR. Novelnanocompositematerialsof silver-exchangedclinoptilolite with
pre-concentrationof Ag(NH3)2

+ in water possessenhancedanticanceraction// ApplNanosci.-2020.-10, N 12.-P. 4869-4878.

Conclusion: In this study,the immunostimulatoryeffectsof natural zeolite,the clinoptilolite, were studied. It wasshownthat the clinoptilolite
and its silver-dopedcompositesprovokedan increasedhumoralimmuneresponseactingin vivo like an adjuvantand leadingto stimulationof
antibodyproducingplasmacells. We found that the clinoptilolite actsin vitro on the neutrophil granulocyteswith their further activation. The
immunostimulatoryeffectsof naturalclinoptilolite andits Ag-dopedcompositescorrelatedwith the antifungalactionagainstCandidaalbicans.
Takentogetherwith relativelylow cytotoxicityof theseagents,the obtainedresultssuggesta possibilityfor their usein medicineasmodulators
of the immuneresponseandantifungalremedies.

Introduction: Owingto their uniquechemicaland physicalproperties,zeolitesare widely usedin agriculture,industry,medicine,cosmetology
and other fields. Naturalzeoliteςclinoptilolite, is permitted to be utilized for medicaland veterinaryapplications[1]. In spite of the fact that
Ag-doped clinoptilolite possessestoxic impact on tumors and pseudo-normal mammaliancells in vitro [2], its influenceon immune cells,as
well ason the developmentof immuneresponsehasstill to be thoroughlystudied.

Our researchwas aimed at interaction between silver-enriched natural clinoptilolite (from the deposit near the Sokirnytsiavillage in the
Transcarpathianregionof Ukraine)andmammalianimmunecells.

Methods: Cytotoxiceffect of the clinoptilolite sampleswasquantitativelyestimatedby meansof MTTassay. Humangranulocyteswere isolated
from the freshlyobtainedheparinizedvenousblood of normal healthydonors(approvedby the Bio-Ethicscommittee at the Institute of Cell
Biology,NASof Ukraine(protocolNo2/07102020) usingficoll-triombrastmediumwith gradientdensity =́ 1.08 g/cm3.
The immunogeniceffect of clinoptilolite sampleswas evaluatedby mice immunizationand the air-pouch model. Immune responseswere
investigatedby ELISA. All the works includinghousingand care,method of euthanasiawere conductedin accordancewith the established
experimentalprotocolsandrequirementsof Ethicscommitteeof Institute of CellBiologyNASof Ukraine,protocolЅ 3/07102020.

Viability of human embryonic kidney cells of
I9 2˴93 line and murine monocytes/
macrophages of J774.2 line treated with
indicatedclinoptilolite samples(5 mgmL-1).

Natural and Ag-
enriched clinoptilolite
(2.5 mg mL-1) induce
activation of the
neutrophilswith further
formation of NETs.
Extracellular DNA was
stained with the
Ethidiumbromide(red).

DIC imaging is shown in the upper row and fluorescence microscopy with 
Ethidium bromide, EtBr (red) and Hoechst (blue) - in the lower rows.

Humoral immune responsesin Balb/c mice provokedby OVAusing the Alum, natural

clinoptilolite, clinoptilolite-Ag(NH3)2
+, clinoptilolite-Ag+ or OVAaloneactingasadjuvants.

(A)Anti-OVAIgGlevelsin serum(humoralimmuneresponse); (seradilution 1:2,000).

(B)Titersof anti-OVAIgGantibodiesafter immunizationwith indicatedcompounds.

The investigated samples of the clinoptilolite and aluminium
hydroxide activated neutrophil granulocytesobtained from the
organisms,but no inflammationwasobservedin the air-pouches.

Demonstration of the
interaction between the
clinoptilolite samples and
immune cells in the air-
pouch model. The arrows
mark particle aggregates,
while the damagedvessels
andedemaareencircled.
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