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HISTOPATHOLOGICAL EXAMINATION
OF ZEBRAFISH ORGANS UNDER THE EXPOSURE
TO MICROPLASTICS

The article was written as part of the Ministry of Science and Higher Education of the Republic of
Kazakhstan’s project AP 23486220, titled “Study of the important organ systems reactivity in the main
commercial fish species of the lle-Balkhash basin under anthropogenic load.” (2024-2026). The article
represents the study investigating the long-term effects of polyethylene terephthalate (PET) microplastics
on zebrafish (Danio rerio). Zebrafish exposed to PET microplastics at concentrations of 1.9 mg/l and
5.64 mg/l exhibited significant kidney and gill damage. This included necrosis, circulatory disorders, and
tissue damage. Histological analysis revealed specific pathological changes such as vacuolization and
hyaline-droplet degeneration in kidneys, and destruction of epithelium and lamellae in gills. Notably,
no compensatory-adaptive reactions in gills were observed, indicating a lack of adaptation to prolonged
exposure. These findings suggest that microplastics may migrate through the bloodstream, disrupting
normal kidney and gill structures. The study highlights the severe impact of microplastic pollution on fish
organs, emphasizing the urgent need for further research to develop strategies for mitigating microplas-
tic pollution in aquatic ecosystems. Additionally, the observed lack of adaptive responses underscores
the potential for significant ecological consequences, urging immediate attention to address this critical
environmental issue.

Key words: pollution, microplastic, Polyethylene terephthalate (PET), histology, toxicology, zebraf-
ish (Danio rerio).

A.A. baknesa*, .M. XXapkosa*, A.lO. l'yceiiHoBa,
A. MayTtaamea, M.A. CyBopoBa, b5.A. AbayAaraesa

OA-Dapabu aTbiHAaFbl Kasak, yATTbIK, YHUBEpCUTETI, AAMaThI K., KasakcraH
*e-mail: bakiyeva_adel2@kaznu.edu.kz, irina.zharkova@kaznu.kz

MukponaacTukTiH, acepiHe yubiparaH AaHHMO pepro 6aAbIKTapbIHbIH,
MyLLEeAepPiH TMCTONATOAOTUSIAbIK, 3epTTey

Makana Kasakcrtan Pecniybamkacbl FbiAbIM >KeHe >Kofapbl OiAIM MUHUCTpPAIriHiH AP23486220
«AHTPOMOrEHAIK >KYKTemMe >KaFaarbiHAQ Iae-baakaw  6acceiHiHiH  Herisri  KecinwiAik  6aAbIK,
TYPAEPIHIH MaHbI3AbI OpraH >KYMeAepiHiH peakTMBTIAIriH 3epTTey» >obacbl (2024-2026 K.
asiCblHAQ >KasbiAFaH. Makaraaa 3epTrey GapbiCbiHAA noAnaTMAeHTepedTasat (MET) MMKPONAACTUKTIH
Aanro pepro 6aabikTapbiHa (Danio rerio) ysak mepsimai acepi 3eptreaai. 1,9 Mr/a xeoHe 5,64 mr/a
KOHLIEHTPALMSICbIHAAFbI MMKPOMAACTUKTIH 9cepiHe yiubiparaH AaHMo pepro bGaAbikTapbiHbiH, (Danio
rerio) Oyrperi MeH >XeAbe3eKkTepiHe anmTapAblKTal 3aKkbiM KeAAi. HeTukeaep 6oMbiHIIA KeAeci
MaTOAOTMSIABIK, MPOLIECTEP aHbIKTAAAbI: HEKPO3, KaH alHAAbIMbIHbIH, OY3blAybl >X8He TiIHAEPAIH
3aKbIMAAHYbl. TMCTOAOIMSABIK TaAAQy Ke3iHAE OYMPEKTiH BaKyOAM3aUMSIChl KOHE MMAAUHAI-TaMILLIbIAbI
AVUCTPOMDUSChI, IMUTEAMI MEH XeADE3€eK TaKTaAapbiHbIH, XKOMbIAYbl TYPIHAET| epeKiile NaTOAOrMSAbIK,
e3repicTep aHbIKTaAAbl. AMTa KETEPAIri, )XxeAbe3ekTepAe KOMMEHCATOPAbIK, 6EMIMAEAY peakumsiAapbl
GarkaAMaAbl, OyA y3ak acep eTyre 6eniMAEAYAIH )KOKTbIFbIH KOPCETEAIL. ByA ASAEAAEP MUKPOMAACTUKTIH
Oyrpek neH eAbe3eKkTiH KAAbINTbl KYPbIAbIMAAPbIH By3a OTbIPbIMN, KaH aiHAAbIMbI aPKbIAbI KO3FaAy
KacueTtiHe me 6GOAybl MYMKIH eKeHiH kepceTeai. 3epTrey 6aAblk, MyLIEAEpiHE MMKPOMAACTMKAABIK,
AQCTaHYAbIH ayblp acepiH KepceTeAi, OYA Cy 3KOXXYMeAepiHAEri MUKPOMAACTUKAAbIK, AACTaHYAbl a3aiTy
CTpaTermsaAapbiH 83ipAey YLiH KOCbIMLLIA 3epTTEYAEPAIH LUYFbIA KAXeTTiAiriH kepceteai. CoHbIMeH
KaTap, aAanTMBTI peakumsAapAblH GaiikaAMaybl OCbl MaHbI3Abl SKOAOTUSIABIK, MPOBAEMaHbI Lwewlyre
JKEAEA Ha3ap ayAapyAbl KQXKET eTeTiH eAeyAi SKOAOTUSIABIK, 3apAANTAPAbIH bIKTUMAAABIFbIH KOPCETEeA|.

Ty¥iH ce3aep: AacTaHy, noAnaTMAeHTepedTaAaT (IM3T), MUKPONAACTHK, TMCTOAOTMS, TOKCUKOAOT S,
(Danio rerio)
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Histopathological examination of Zebrafish organs under the exposure to microplastics

A.A. bakneBa*, .M. XKapkosa*, A.IO. l'yceiHoBa,
A. MayTtaanesa, M.A. CysopoBa, 5.A. A6ayAnraesa

Kazaxckuit HauMOHaAbHbIN YHMBEpCUTET uMeHu anb-Dapabu, r. Aamarbl, KasaxcraH
*e-mail: bakiyeva_adel2@kaznu.edu.kz, irina.zharkova@kaznu.kz

I'McTonaroAorMyeckoe MccAeAOBaHME OPraHoOB pPbIOOK AaHNO
NpH1 BO3AEHCTBMM MMKPOMNAACTHKA

Cratbg HanucaHa B pamkax [lpoekta MwuHMCTEpCcTBa HaykuM M Bbicliero obpasosaHus PK
AP23486220 «MM3yyeHre peakTMBHOCTM Ba>KHENMLLMX CUCTEM OPraHOB OCHOBHbIX MPOMbICAOBbIX BUAOB
pbl6 Mae-baaxaluckoro 6accenHa B yCAOBMSIX aHTPOMOreHHoM Harpysku.» (2024-2026 roabl). B cratbe
NpPeACTaBAEHO MCCAEAOBaHWE AOATOCPOYHOrO BO3AENCTBMS MUKPOMAACTMKA MOAMITUAEHTepedTara-
Ta (M3T) Ha pbibok aaHno (Danio rerio). Y pbibok aanno (Danio rerio), NOABEPrmMxcst BO3AENCTBUIO
muKkponaactuka M3T B koHueHTpauuax 1,9 Mr/A n 5,64 Mr/A, HABAIDAAAOCH 3HAYUTEABHOE MOBPEXKAE-
HMe noyek u xxadp. MNoAyyeHHble pe3yAbTaTbl BKAIOYAAK B Ce€081 TakMe NaTOAOrMUYeckme NpPoLecchl: Kak:
HEKPO3, HapYLLEHNS KPOBOOBPALLEHNS 1 MOBPEXKAEHME TKaHel. [1pu rMcTOAOrMYeckomM aHaAm3e OblAK
BbISIBAEHbI Crielmpuryeckme naToAoOrmyeckme M3MeHeHns B BUAE BAaKyOAM3aLMKN M TMAaAMHOBO-KarneAb-
HOM AMCTPOMUM MOYEK, ACCTPYKLIMM SMUTEAUSI U MAACTMHOK >Kabp. [MpumedaTteAbHO, YTO KOMMeHca-
TOPHO-NPUCMIOCOBUTEAbHBIX PeakLMil B xKabpax He HABAIOAAAOCDH, UTO CBMAETEALCTBYET 00 OTCYTCTBUN
aAanTauuu K AAMTEAbHOMY BO3AEMCTBMIO. DTU AQHHbIE CBUAETEAbCTBYIOT O TOM, YTO MMUKPOMAACTUK
MoxeT o6AaaaTb CBOMCTBOM MUTPUPOBaTh Yepe3 KPOBOTOK, HapyLlas HOPMaAbHble CTPYKTYPbl Movek
M Xabp. B nccaepOBaHMM MOAUEPKMBAETCS CEPbE3HOE BO3AENCTBME 3arps3HeHMs MUKPOMAACTUKOM
Ha opraHbl pbi6, MOAUYEPKMBAs OCTPYIO HEOOXOAMMOCTb AAAbHEIMLLIMX MCCAEAOBAHUIA AAS PA3PabOTKM
CTpaTerui no CMIryeHuio 3arpsi3HeHns: MUKPOMAACTUKOM B BOAHbIX 3KocMcTemax. Kpome Toro, Ha-
OAIOAQEMOE OTCYTCTBME AAAMTMBHbBIX PEAKLMIA MOAYEPKMBAET BO3MOXHOCTb CEPbE3HbIX DKOAOrMYe-
CKMX MOCAEACTBUIA, TPEOYS HEMEAAEHHOIO BHUMAHMS K PELIEHUIO 3TOM KPUTUYECKON 3KOAOTMYECKOM

npo6Aembl.

KAtoueBble cA0OBa: 3arps3HeHne, MMKPOMAACTUK, NoAMaTUAeHTepedTanaT (M3T), rmctororuns, Tok-

crkoaorums, Danio rerio.

Introduction

Over the past few decades, environmental pollu-
tion by plastic and its wastes has become urgent and
global in the environmental community. Since the
1960s, global plastic production has increased rapid-
ly, reaching 300 million tons annually [1, 2, 4]. Plas-
tic waste poses a great threat to wildlife, especially
to organisms living in the aquatic environment, as it
accumulates in reservoirs due to poor disposal and
recycling. In modern classification, plastics are di-
verse. The most common is polyethylene terephthal-
ate (PET), as it is used in food production and bever-
age packages like plastic water bottles [6]. Getting
into the aquatic ecosystems, microplastic particles
enter the fish’s body through ingestion of water and
food particles, and further accumulate in the blood-
stream and various organs. Damage caused by stress
resulted from exposure to PET particles can directly
affect the immune system, leading to inflammatory
processes in tissues.

The toxic effect of microplastics leads to a
slowdown in metabolic processes in cells and tis-
sues, which suppresses the immune response. The
immune system includes external barriers, such as
mechanical barriers to prevent the penetration of
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pathogens and other foreign particles [14, 15, 16,
17]. Structural changes in cells and tissues of im-
munocompetent organs can lead to various reac-
tions in organs, including inflammatory processes,
in response to external impact [18-19]. However,
the specific effects of microplastics have not been
sufficiently studied and require detailed study under
experimental conditions.

In this case, zebrafish (Danio rerio) is an ideal
model organism for studying basic biological pro-
cesses and mechanisms due to numerous advantages
that render them convenient and economical for re-
search [20-21]. Conducting experiments with these
fish species enables us to generalize the results ob-
tained to a wider range of organisms [22-25].

Therefore, the aim of this study was to investi-
gate the effects of polyethylene terephthalate (PET)
microplastics on the gills and kidneys of zebrafish
(Danio rerio) under a chronic experiment.

Materials and methods

Gills and kidneys of zebrafish Danio rerio (Cy-
prinidae family) were the target of experimental
research. A stock of adult zebrafish (Danio rerio)
was obtained and maintained in a 40L aquarium in
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the Aquarium Room of al-Farabi KazNU (Almaty,
Kazakhstan). Adult healthy fish of both sexes were
divided into a control group and two experimental
groups. Each experimental group consisted of 15 in-
dividuals maintained in 17L aquaria throughout the
experiment, with daily monitoring of water qual-
ity. The duration of the experiment was one month.
Polyethylene terephthalate (PET) microplastic par-
ticles ranging in size from 1.34 to 239 um were ob-
tained by abrasion with sandpaper (Fig. 1).

In the first experimental group, the daily con-
centration of PET microplastics was 1900 pg/1 (1.9
mg/1) (lethal concentration — 13,300 pg/1) [8], which
accounted for 10% of the total feed mass (0.16 g) per
serving. In the second experimental group, the daily
concentration of PET microplastics was 5640 pg/l
(5.64 mg/l), representing 30% of the feed weight.
Microplastics were introduced into the fish’s body
during feeding with food twice a day.

A

At the end of each exposure period, fish were
euthanized in accordance with guidelines for the
use of laboratory animals in preclinical studies [9].
Subsequently, they were dissected under a stereo-
microscope, and the gills and kidneys were imme-
diately fixed in 10% buffered formaldehyde. Further
tissue processing followed the routine histological
technique [10, 11]. Slides were stained with hema-
toxylin and eosin. Hemosiderin was identified using
the Perls histochemical method [13]. For scanning
electron microscope (SEM) analysis, the tissue after
formaldehyde fixation was washed under running
water for 2 hours, followed by dehydration in alco-
hols and acetone [13]. Stained histological prepara-
tions were photographed using an Optix 600 camera
mounted on MX300T microscope, while polyethyl-
ene terephthalate microplastic particles and fish or-
gans were photographed using a Quantum 3D 200i
scanning electron microscope.

Figure 1 — Photomicrograph of PET microplastic particles by Scanning Electron Microscope Quantum 3D 200i.
A — magnification 500x; B — magnification 5000x.

Results and discussion

SEM examination of gills and kidneys samples
of both experimental groups revealed the presence
of microplastic particles within the tissues. The ob-
served particles ranged in size from 3.36 to 4.77 pum
and from 5.99 to 7.73 um.(Fig. 2).

Histopathological examination of the zebrafish
kidneys from the experimental group, exposed to
a 1.9 mg/l daily concentration of microplastic par-
ticles, revealed several notable observations. These
included abundant infiltration of the organ stroma
with mononuclear leukocytes (Fig. 3-5), blood sta-

sis in large vessels, and the presence of edema (Fig.
3). Additionally, diapedesis and hemorrhage into
the interstitial tissue of the organ were observed
(Fig. 3-5). Swelling of the epithelium was evident
in the kidney tubules, with the cytoplasm of some
epithelial cells containing hyaline-like inclusions
stained bright pink (Fig. 3, 4 B). Moreover, the cell
boundaries appeared unclear, lumens narrowed or
filled with protein masses (Fig. 4A, 4B). Some tu-
bules exhibited signs of necrosis. A slight narrowing
of Bowman’s space and blood stasis in the capil-
laries (Fig. 3), with no significant alterations were
noted in kidneys glomeruli.
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— 100 pm ——

Figure 2 — Photomicrograph of kidney (A) and liver (B) of zebrafish (Danio rerio) showing
the comparison of PET microplastics particle sizes in kidney (A) and red blood cells in the lumen of liver hepatic vein
(blood stasis) (B). Scanning Electron microscope Quantum 3D 200i. Magnification (A) 1000x; (B) 2000x.

Figure 3 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 1.9 mg/L
of PET microplastic particles showing increased infiltration of tissue with mononuclear leukocytes,
blood stasis in vein (BS), and narrowing of the lumen of some proximal and distal tubules (NT).
The necrotic processes are followed by epithelial desquamation in some tubules (NC).
H&E staining. Magnification 200x

The exposed fish displayed severe edema of the
renal interstitium, accompanied by diapedesis and
hemorrhage. Additionally, numerous foci of ne-
crosis were observed in the epithelial cells of both
proximal and distal tubules (Fig. 4, 5), resulting in a
narrowing of their lumens.

A histological examination of zebrafish (Danio
rerio) kidneys exposed to polyethylene terephthalate
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(PET) particles at a daily concentration of 5.64 mg/l
(5640 pg/l) revealed similar histopathological changes
to those observed in the first experimental group. These
changes included abundant infiltration of the stroma by
mononuclear leukocytes, bleeding, and narrowing of
the lumens of renal tubules, some of which were filled
with protein masses (Fig. 7, 8). Additionally, cases of
epithelial cell necrosis were noted (Fig. 7, 8).
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Figure 4 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 1.9 mg/L
of PET microplastic particles showing (A) necrosis of epithelial cells (NC) and narrowing of lumen (NT)
in proximal tubules, diffuse blood filling of the kidney interstitium; (B) complete and partial vacuolization
of tubule epithelial cells and necrosis (NC). H&E staining. Magnification 400x

Figure 5 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 1.9 mg/L
of PET microplastic particles showing epithelial cells vacuolization. Tubules and their hyaline degradation (incircle).
Narrowing of Boumen’s lumen and blood stasis in the capillaries of renal glomeruli (G). H&E staining. Magnification 100x

Figure 6 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 5.64 mg/L
of PET microplastic particles showing hemosiderin granules (A, B) Perl’s staining. Magnification 400x
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Figure 7 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 5.64 mg/L
of PET microplastic particles showing hemorrhage in the organ stroma, orange-brown vacu-
oles in the epithelial cells of the renal tubules (V); necrosis of epithelial cells (NC) in renal
tubules and narrowing of their lumen (NT). H&E staining. Magnification 400x

Figure 8 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 5.64 mg/L of
PET microplastic particles showing orange-brown vacuoles in the interstitium of the kidney and
epithelial cells of the renal tubules (V); necrosis of renal tubules epithelial cells (NC); the presence

of protein masses in the lumen of the renal tubule (in circle). H&E staining. Magnification 400x

Compared to the first experimental group,
the higher concentration of PET microplastics
resulted in the presence of hemosiderin granules
in the interstitium of fish kidneys, confirmed by
a positive Perls test (Fig. 6A, B). The cytoplasm
of tubule epithelium contained large vacuoles
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filled with orange-brown secretion (Fig. 7, 8).
Furthermore, an increase in the number of cells
exhibiting pyknotic nuclei (karyopyknosis), in-
dicative of the onset of apoptosis, was visually
observed in the epithelial cells of the tubules
(Fig. 7, 8).



A.A. Bakieva et al.

When exposed to microplastic particles (PET) at
a concentration of 1.9 mg/l (1900 pg/l) in the gills,
several histopathological changes were observed.
These included swelling and destruction of the pri-
mary gill epithelium, alteration in the shape of the
secondary lamellae to hook-shaped, their shorten-
ing, destruction of columnar cells, and hemorrhage.

Additionally, degeneration and necrosis of cartilagi-
nous tissue were observed in the gills of some indi-
viduals (Fig. 9 A, B).

Similar histopathological changes were noted in
fish gill tissue when the concentration of microplas-
tic particles increased to 5.64 mg/1 (5640 ug/l) (Fig.
10A, B).

B

Figure 9 — Photomicrograph of zebrafish (Danio rerio) gills after exposure to 1.9 mg/L
of PET microplastic particles showing destruction of primary and secondary gill lamellae with the blood stasis
in vessel and hemorrhage (A, B); destruction (A, B) and shortening of secondary gill epithelium (B). |

Degeneration and necrosis of cartilage tissue (A). Magnification 400x. H & E staining

Figure 10 — Photomicrograph of zebrafish (Danio rerio) gills after exposure to 5.64 mg/L
of PET microplastic particles showing shortening of secondary gill epithelium (black arrow), hemorrhage,
and blood stasis in the vessel (white arrow). Magnification x200 (A); x400 (B). H & E staining
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Conclusion

A pathological study of zebrafish (Danio rerio)
exposed to microplastic polyethylene terephthalate
(PET) particles revealed significant negative im-
pact on the organs. Exposure to PET microplastic
particles at a concentration of 1.9 mg/l resulted in
necrotic processes in tissue, generalized circulatory
disorders, tissue edema, destruction of blood ves-
sels, impaired permeability, and hemorrhages in
both kidneys and gills.

In the kidneys of the first experimental group,
vacuolization and hyaline-droplet degeneration of
epithelial cells of the renal tubules were recorded,
suggesting a toxic effect of microplastics to the
organ. At a higher concentration of microplas-
tic particles (5.64 mg/l) in the kidneys, similar
pathological processes in the microvasculature
were observed, although hyaline-droplet degen-
eration was absent. Additionally, a small amount
of hemosiderin in the organ’s stroma and orange-
brown vacuoles were observed, requiring further
investigation.

In the gills, exposure to microplastics at both
concentrations resulted in characteristic changes
in the histological structure of the organ, including
destruction of the primary and secondary gill epi-
thelium, curvature, and shortening of the secondary
gill lamellae. Despite the chronic exposure to micro-

plastics, no compensatory-adaptive reactions were
observed in the organs, indicating a lack of adap-
tation processes in the fish’s body under prolonged
exposure to microplastic particles, posing a greater
threat to marine organisms.

Based on the results of the study, it can be in-
ferred that smaller microplastic particles may not
only accumulate in the gastrointestinal tract during
food intake, as suggested by some authors [5], and
mechanically damage organ tissue, but also migrate
through the bloodstream. This migration can lead to
a toxic effect and induce characteristic pathological
processes in the kidneys and gills of fish.

These results highlight the potentially serious
impact of microplastics on zebrafish (Danio rerio),
including kidney and gill dysfunction, as they have
consequences such as the deterioration of vital func-
tions in fish and increased mortality rates, as well
as reflect the harm to the ecosystem as a whole.
Considering the role of this fish species as a model
research object, the results obtained can have wide
practical applications in ecology and environmental
protection.

Thus, further research in this area is needed to
better understand the mechanisms and consequences
of microplastics impact on the physiology of aquatic
organisms and to develop effective strategies to con-
trol and reduce plastic pollution in aquatic ecosys-
tems.
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