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Background: Microplastics (MPs), which are emerging environmental contaminants measuring

approximately less than Smm in diameter, have garnered significant attention in recent y&s.

Objectives: This study was conducted to evaluate the impact of microplastics on ﬁ& samples,

which are directly exposed to microplastics that enter the digestive tract through food, and tl% liver,

which is responsible for processing chemicals from the digestive tract in mice. ‘ \\ 4

Methods: During this experiment, 36 adult male mice were ranwiwed into"four groups of nine
animals each. Three groups received PS-MPs at doses of 0.001, 0.0Tand A (gavage) for 42 days; a control

group was also considered. 24 hours after the last treatment tme samples were collected for

histomorphological, histomorphometrical, inflammatory faCQ ine express1on analyses.
ega

Result: The findings showed that receiving PS effects on the histomorphology and
histomorphometry of the colon and liver. Also, r Vmg Ps caused a significant increase (P<0.05)
in the inflammatory factors, such as TNF-a'and P(Mompared to the control group. In addition, a
significant increase (P<0.05) in P-cate 1 mRNA expression was observed in the groups

treated with PS-MPs compared to tbe?co grc’p.

Conclusions: It seems th* Ps-m can cause negative effects on histomorphology, and
histomorphometry and ingrease e\wentration of TNF-0, and PGE2 factors and the expression of the
HIF-1a, and B-cateni@énes in ‘@ colon.

Keyw Mcroplastic, Inflammation, Polystyrene
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Introduction - ‘ \ y
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Microplastics (MPs) are of global concern with their widesp@t%ugl and complex effects

on living organisms. Recently, terrestrial ecosystems®and biolegical health hazards, including
human health hazards, have become the focus of parlia ians' attention (Ghosh et al., 2023).
MPs, a novel category of environmental contaminant poM of plastic particulates with a
diameter of less than 5 microns, emerged due, te, the extensive utilization and mass production of
plastic on a global scale (Barnes et al., %@rast, scientists have begun to devote
considerable attention to MP pollutants inthe twenty-first century, particularly in the last ten

years (Chia et al., 2020). In 201;, ollution was ranked as the second most significant

threats such as ozone depletion, cl&te change, and ocean acidification, at the second United
Nations Conference on éE\r&nent (Jinetal., 2019).

Animals' intestinalymucosa serves as the first line of defense against intestinal infections
(Kinnel‘v d Pxer,!':m). Several prior investigations have demonstrated that gut (Guvenc

scientific challenge in the i‘fm of 'r(glmental and ecological science, following global

et al., 2024), mierobiota can stimulate the growth of intestinal epithelial cells, fortify the
interce r a;

esion of the intestinal mucosal epithelium, impede pathogenic bacterial damage

to the intestinal mucosa, and preserve the integrity of the intestinal barrier (Hemarajata and
3



Versalovic, 2013). Therefore, the intestinal microbiota plays a critical role in regulating the
metabolism of the host and contributing to the pathogenesis of certain metabofc disorders. A

growing body of evidence has substantiated the notion (Guinane and Cotter, 2013)\

It has been demonstrated that various types of environmental pollutants ex@oxico‘ogical
effects on the gastrointestinal microbiota (Singh et al., 2022). Furtherr}m(‘, se Véstigations
have demonstrated that MPs are capable of interacting w@cr@rganiw and have even
proposed that they may function as a unique habitat for mi€robes (Pa&eimehr et al., 2023).
Prior studies have demonstrated that polystyrene ml\croplastic\(PS- MPs) could induce gut
microbiota dysbiosis in rodents and zebrafish (Jin et al.; 2018). Tumor necrosis factor o (TNF-a),
a cytokine, impacts different cell types differently@- i(%lly signals biological processes
including inflammation and cell death via binding t6. TNER1 and TNFR2 receptors (Jang et al.,
2021,Zigam et al., 2023). Prostaglandin EQGNhich regulates numerous physiological and

pathological processes, can be synth a@xtensive variety of cell types within the body,

including epithelia, ﬁbroblasts tra"'ng inflammatory cells in particular (Cheng et al.,
2021). Significantly 1ncre GSproduction is observed in damaged tissue. PGE2 is
(AA), which is released from membrane phospholipids via

produced from arachi
phosphohpase A2 tressors including inflammation (St-Onge et al., 2007; Tithof et

., 2007). B- catenln serves aS’ a significant diagnostic and prognostic indicator for colon cancer

(Bhatt \'* ). This protein is involved in internal signaling and may play a
ificant ole n colon cancer (Mesgari et al., 2023) and tumorigenesis (Zhao et al., 2022).
Beside

-cat in, hypoxia-inducible factor 1-alpha (HIF-1a) is also crucial for tumor growth in
mammals (Burslem et al., 2017). This protein product greatly improve oxygen availability.
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Increasing erythropoiesis and angiogenesis increases oxygen access. Events activate genes

involved in glucose transport and metabolism (Watts et al., 2020). &

In this investigation, we subjected mature male NMRI mice to 2 pm PS- MPs %s studies
showed that PS-MPs disrupt the structure of different body tissues. Therefore, the preser& study
aims to investigate the effects on histomorphology, histomorphometryiir‘am tion factors, and
expression of B-catenin and HIF-1a genes on colon and livea ii‘nice treated with PS-MPs

for 42 days.
\ % \
%

Materials and Methods 0 b

Chemicals and materials ‘ V
g

The 2 um Microplastic composed QP@olutions (78452-5ML-F) were acquired from
Sigma Chemical (Germany). B@ftre iza"on, PS-MPs were evenly distributed in deionized

water and subjected to agitation by supersonic waves for 30 minutes (Jin et al., 2019).

Animals and experim@l N&M
C \J

Five-week-old NMRI mice were purchased from the Razi Vaccine and Serum Research Institute

(Tehranglran). All'mice were housed in independent cages (standard size) in an animal room

wi ‘cyx f 12 hours of light and dark. After a week of accommodation, they were weighed

anmml;‘ivided into four groups. The first group (nine in each group) was the control

group exposed to distilled water (0.1 ml/kg body weight), and three other groups were taken
5



different doses of 2 um PS-MPs (0.001, 0.01 and 1 mg/kg body weight) for the toxicological
experiment (Wen et al., 2023). The PS-MPs were diluted in Distilled water, tlganimals were
continuously exposed for six weeks by gavage. During the whole experiment, the basic diet and
water were always available. At the end of the experiment, all the mice Wemed for 12 h,
anesthetized with ketamine/xylazine (0.10 mL xylazine and 1 mL ketami Wm,L distilled
water with the dose of 0.1 mL/10 g body weight), and sacrificed. Tiss@ies such as liver, and colon
were collected quickly and flash-frozen in liquid nitrogen;dthe s mae were stored at —70 °C
until the following study. All experiments were performed folloxxing thihuiding Principles for
the Use of Animals of the University of Tehran, and endeavor was put forth to reduce
6 N

Histopathological analysis ‘ v

animal suffering (Anbara et al., 2021).

Small sections of the colon and liver were prom preserved in a 10% (v/v) formaldehyde
solution after being removed. After @‘ dratiJ with ethanol, hyalinization with xylene, and
subsequent embedding in paraffin v !t 56°C, the fixed tissues were prepared. Five
micrometer-thick sections ie smquently cut from three colon samples and three liver
samples from each group. xylin-eosin solution (H&E) was subsequently used to stain
liver and colon tis&. n irr}gging (DinoCapture 2.0) was employed.In the histological study
using hemato lin-eWaining, the stained sections were graded based on the degree of tissue

abnormm bara‘get al., 2022). This abnormality was assessed using five parameters, which

are&t a‘i characteristics of colonic dysplasia and neoplasia (Sarikog et al., 2013; Ili¢ et
al., 2019.Vajed et al., 2024):



1. Nuclear pleomorphism (0 for absence of pleomorphism, 1 for mild to moderate pleomorphism,

and 2 for severe pleomorphism). @

2. Mucosal stratification (0 for monolayer covering and lack of stratiﬁcatioﬁ&nﬁderate

stratification, and 2 for severe stratification).

3. Nuclear polarity (0 for proper nuclear polarity, 1 for mild lack offhu ehanty, and 2 for

severe lack of nuclear polarity). o \ -

4. Goblet cell content (0 for normal goblet content, 1 fs‘moderaﬁabsence of goblet cells, and 2

for severe absence of goblet cells) Q
5. Crypt abnormality (0 for normal crypts, 1 Qte rganization of the crypt, and 2 for

severe disorganization of the crypt).
Normal colon crypts score 0, while ¢ ger)an have a maximum score of 10.
Measurement of inflammatory: f;cto

The pro- 1nﬂammatory -a and the anti-inflammatory factor PGE were quantified using

the manufacturer' s n n ELISA kit (eBioscience).

DNA extracti x‘ pllﬁcatlon
te%orc ain mortar, liquid nitrogen pulverized colon sections. Total RNA was extracted

from owdered colon tissue. In summary, total RNA extraction involved these stages.

Start by addlng 50 mg of tissue sample to one milliliter of Trizol (Invitrogen, USA). Add 250
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microliters of chloroform and centrifuge for 15 minutes at 4°C and 12000 rpm, then transfer the
supernatant containing Total RNA to a microtube, add isopropanol, and precipitge RNA at 4°C
and 1400 rpm. Following a 70% alcohol wash and drying, add 50 pl of DEPC-t\& water to
the microtube and store at -80°C (Table 1).

Table 1. Primer sequence. . ‘ \\ /

Primers Forward everse
HIF-1 CACAGGACAGTACAGGATGCTT &TGCTWTAATACCACTTACAACAT
B-catenin CTAAGCAGGAAGGGATGGAAGG TGGCAGGCTCAGTGATGTC
p-actin GGCTGTATTCCCCTCCATCG B?TTGGTAACAATGCCATGT

Statistical analysis J
Data were analyzed with SPSS er.Oga’. Values of the measured parameters are shown as

mean values + SD. The di encwetween groups were evaluated by one-way analysis of

variance (ANOVA) folc (Y‘key post hoc test.

s, \

MlCl’O\tlc lystyrene causes histomorphometric changes in colon and liver tissue



The mucosa and muscula layers of the colon tissue structure of mice in the control group are

devoid of any abnormalities. Furthermore, it was observed that the colons of mice in the medium

containing immune cells were measured in experimental groups. On

treated with PS-MPs, we observed portal vein hyperemia (PVc), cyte lysis (HL)

through histological analysis (Figure 1). 0
a

Control Low Dose Medium Dose High Dose

00 H&E Staining >

H&E Staining



Figure 1. (A) Cross section of the colon; scattered lymphoid accumulations (Arrow), scattered
ectopic lymphoid accumulation (Head arrow), and decrease of muscle layer thicﬁess in groups

with PS-MPs. (B) Hepatocytes with clear nucleus, cytoplasmic area ,and cen venule of

healthy liver in the control group; Hyperemia (PVc), Lysed, fragmente nuclei (F),
disruption of the cytoplasmic area of cells (DC), infiltration of lymphoid wgnal space
(Head arrow), and the presence of inflammatory mononuclear cells (Krr and deformed cells

(D) in groups with PS-MPs. o A »

Effect of PS-MPs on the deforma cells

An assessment was conducted to determine the m. nti y@f deformed cells (characterized
by a pyknose nucleus and furrowed cytopla the control and PS-MPs -treated groups.
A notable increase in a dose-dependent man aM among the groups that were exposed

to PS-MPs (Table 2).

Table 2. Changes in histopatho%ogy% i’ colon tissue with hematoxylin-eosin staining after

PS-MPs consumption. ‘ \

mol Low dose Medium dose High dose

Nuclear pleomorphism 70.4+0.27 0.97+0.28 1.66+0.31* 1.78+0.39%*
1.3+0.35 1.62+0.31 1.71+£0.31* 1.85+0.08*
0.38+0.08 0.68+0.21* 1.39+0.33** 1.52+0.27**
1.44+0.19 1.27+0.37 0.82+0.27 0.64+0.13***
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Crypt anomaly 0.26+0.21 0.86+0.38 1.63+0.16** 1.73+0.19**

indicators:

05), **

Degrees of tissue abnormalities: semi-qualitative. Scoring using the following
The asterisks indicate significant differences compared to control group, *

(P<0.01), *** (P<0.001) and **** (P<0.0001). Values presented are mean = S

Effect of PS-MPs on the Kupffer cells

The quantification of Kupffer cells in the high dose group w und e substantially greater
than that of the control group, as determined by comparing the 'PS-MPs treated dermatological

groups to the control group (P<0.05. Figure 2).

* \
207 I * sk ¥k I ns

Kupffer cells
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Figure 2. Average number of Kupffer cells. The asterisks indicate significant differences

between groups, * (P<0.05), ** (P<0.01), *** (P<0.001) and **** (P<0.0001). \ﬁues presented

are mean = SD (N=9). \
C\N
\Y/

HIF-1 and B-catenin are significant genes implicated in colon gﬁcg.hequently, their

expression in colon tissue serves as an indicator of its can€erous)nature. [he study's findings

The mRNA expression level of HIF-1a and pB-catenin

revealed elevated expression of HIF-1 and B-cateninqnes in‘oups exposed to polystyrene
compared to the control group (P<0.05). HIF-1 and f3 in is Mown cancer gene whose

expression is increased by microplastic treatment (Fi' g‘u ). P

12
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Variations in the concentration of TNF-o and PGE2 indicated that the medium and high dose

groups exhibited a significant increase (P<0.05) in this factor relative to thé control group

(Figure 4).
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Figure 4. The relative Mf (A) TNF-a, (B) PGE2 in mouse colon. The asterisks indicate
significant differenc een groups, * (P<0.05), ** (P<0.01), *** (P<0.001) and ****
(P<0.000 s presented are mean = SD (N=9).
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Discussion
&

There is a satisfactory body of research concerning the impacts of MP on the siological
processes of aquatic organisms within the worldwide ecological system (Jalaﬁ&hﬁet al.,
2023). However, there is a paucity of knowledge regarding the effects of Pwop}histicated
terrestrial animals, particularly mammals (Liu et al., 2023). Indeed, MPsthave become pervasive
in terrestrial ecosystems due to human activities. For inst@pl‘tic particulates generated
during the manufacturing process of widely utilized @duct like '[OOtMStG, facial cleansers,
detergent, and scrub, constitute a significant environmental cchtr%utor to MP (Kannan and
Vimalkumar, 2021). Sajjad et al. (2022) identify the substa ial~quantity of plastic film utilized
in agriculture as a significant source of MPs in@a nvironment (Sajjad et al., 2022).
Furthermore, the application of sludge has rMed Wresence of MPs in certain agricultural
soils across Europe, with concentrations nginM 1000 to 4000 particles per kilogram of
soil. And MPs in these terrestrial ec ardot only detrimental to terrestrial fauna but also
have the potential to impact hun?am’hrough contact (Ren et al., 2020. Hussain et al.,

2024). * N\

MPs have the potential to as\&e food chain and reach higher levels of living organisms, or
they may penetratege human food chain via salt (Saeedi, 2023). Furthermore, MPs have the
potential to aecu M the intestines of animals and could enter the bloodstream via the
intestina $ (Huang et al.,, 2021). To substantiate this notion, a prior investigation
documented that MPs could traverse the intestinal barrier and accumulate within the hepatic

tissue of ‘@@mmercial European anchovies. In patients afflicted with intestinal diseases,

15



alterations in tissue permeability brought about by inflammatory conditions will substantially
enhance the transport efficacy of MPs (Vagner et al., 2022). MPs affect the intes&al barrier and
intestinal microbiota and disrupt the intestinal barrier (Takiishi et al., 2017). \

A course of MPs treatment induced a wide range of physiological responses, in¢luding increased
inflammatory cytokines in the gut and reduced mucus secretion, and ¢ tién of the
gastrointestinal microbiota (Choi et al., 2021a). In partimrhr%ic comstipation has been
reported in rats with oral administration of PS-MPs. This condition is cMcterized by impaired
mucin secretion, chloride ion and water transport acro%the colonjand impaired gastrointestinal
(GI) motility (Choi et al., 2021b). This study investigated t 'nﬂamr:atory response in the colon
induced by MPs. The findings showed that thew p?e:ssion of TNF-a inflammatory
cytokines has increased significantly in the CM an

B-catenin and HIF-1 are two crucial genes i pli@ in the progression and metastasis of colon
cancer; therefore, they are regarded Qle therapeutic targets for the diagnosis of colon cancer
(Y. Chen et al., 2023). Although MPs Ve'oeen observed to influence the expression of these
genes, no investigation into imp\ of MPs on gene expression has been undertaken to date.
Colonic cancer examination Neasible; therefore, the current research is not accessible. This

pertains to the exprgsion level of these genes and the impact of MPs on that expression level.

An ad Made in our research was that the Cirrhosis in the liver was substantially
ted po styrene MP. Liver tissue cirrhosis can have a direct or indirect impact on the
genera

le acids. The liver has a significant role in the synthesis of bile acid (Sauerbruch

et al., 2021. Poudineh et al., 2022). Any impairment or abnormality in liver function, such as

16



cirrhosis of the hepatic tissue, can result in a reduction or elevation in bile acid production
(Johnson and Sherding, 2006). The hepatic diseases can lead to obstruction of thﬁ)ile ducts as a
result of liver inflammation, resulting in this consequence. Bile acid circula from the

intestines to the liver can be utilized to facilitate the digestion and absorp@f lipids and
recycle scarce bile acids (Chiang, 2013). The digestion and assimilati v\gls ~would be

disrupted if this circulation were to cease, rendering the bile acids unﬁsa le (Ticho et al., 2020).

All of these findings demonstrated conclusively that polyst@/ﬂ%(ﬁ a risk to host health
0

due to its ability to induce metabolic disorders. Imycontrastigo prior Tesearch, the in-vivo

N

consequences of MPs ingestion in aquatic organis ¢ considerably more pronounced.

[lustratively, MPs have the capacity to perturb tﬁ ism's, dietary behavior, growth rates,
and reproduction (Amran et al., 2022). Addq;al y «the

including vacuolation, infiltration, and necrosis(S. (M al., 2023).

y can stimulate inflammatory reactions

Conclusions J
b b

In our investigation, the histo oglcal co sition of the mice's colon and liver was modified after
a 6-week exposure to PS- The ults of our study showed that mice exposed to PS-MPs
displayed 1ncreased levels ON\ar pleomorphism, mucosal stratification, and loss of nuclear

polarity, decreased oblet cel].s and aberrant crypts. These findings indicate that PS-MPs may

play a role 1 on of colon cancer in mice. The liver tissue shows signs of cirrhosis,
hypere ragmented cell nuclei, wrinkling, disruption of the cytoplasmic area of
ceNtra%n of lymphoid cells in the portal space, and the presence of inflammatory

17



mononuclear cells and malformed cells. It has a direct impact on liver function and can lead to

issues in the synthesis of bile acids. @

References h \
>

Amran, N.H., Zaid, S.S.M., Mokhtar, M.H., Manaf, L.A., Othman, S., 20@. re fo
vidence. Toxics.
https://doi.org/10.3390/toxics10100597. PMID: 36287@ \ -

N\

Anbara H, Kian M, Darya GH, Sheibani MT., 2022. L(m-term intake of aspartame-induced

Microplastics during Early Developmental Stage: Review of Curfént

cardiovascular toxicity is reflected in altered histochemical parameters, evokes oxidative

stress, and trigger P53-dependent apoptosis irﬂu 0&1. Int J Exp Pathol. 103(6):252-

262. https:/doi: 10.1111/iep.12458. PM‘%?@.

Anbara H, Sheibani MT, Razi M, Kian M%ﬂMht into the mechanism of aspartame-
S

induced toxicity in male reprod y téJ following long-term consumption in mice

model. Environ Toxicol. htﬁas’://d .1')02/t0x.23028. PMID: 32951320.

Barnes, D.K.A., Galgani ,* 1&, R.C., Barlaz, M., 2009. Accumulation and
fragmentation fp ticxyris in global environments. Philos. Trans. R. Soc. B Biol. Sci.
https://doi.org/10.1098/rstb.2008.0205. PMID: 19528051.

BhattacN&B&n, N., Maiti, M., Sarkar, R., 2019. Assessment of beta-catenin expression

immlt)hisiochemistry in colorectal neoplasms and its role as an additional prognostic
a

market.in colorectal adenocarcinoma. Med. Pharm. Reports. https://doi.org/10.15386/mpr-

18



1218. PMID: 31460505.

¢
Burslem, G.M., Kyle, H.F., Nelson, A., Edwards, T.A., Wilson, A.J., 2017. Hypox‘lcible

factor (HIF) as a model for studying inhibition of protein-protein interactiﬁh . Sci.
https://doi.org/10.1039/c¢7sc00388a. PMID: 28878873. ) >

Chen, S., Saeed, A.F.U.H., Liu, Q., Jiang, Q., Xu, H., Xiao, G.G., Rao!L,Dh., 2023.
Macrophages in immunoregulation and therapeutics. Si@a&iw\t. 'Wget. Ther.
https://doi.org/10.1038/s41392-023-01452-1. PMIR: 3721 1§9.

Chen, Y., Chen, M., Deng, K., 2023. Blocking the Wnt/B-caténin signaling pathway to treat
colorectal cancer: Strategies to improve curre@ i (keview). Int. J. Oncol.
https://doi.org/10.3892/1J0.2022.5472. *D: 579676.

Cheng, H., Huang, H., Guo, Z., Chang, Y.g; Z.,»l. Role of prostaglandin E2 in tissue repair

and regeneration. Theranostics. / i.‘¢/10.7150/thn0.63396. PMID: 34522214.

Chia, W.Y., Ying Tang, D.Y. b : K.S., Kay Lup, A.N., Chew, K.W., 2020. Nature’s fight
against plastic polluti {h %
Environ. Sci. Fﬁtgol

i

Chiang, J.Y. Ochid metabolism and signaling. Compr. Physiol.
httpsa/dotiorg/10.1002/cphy.c120023. PMID: 23897684.

plastic biodegradation and bioplastics production.

a
]httns://doi.org/lO. 1016/j.ese.2020.100065. PMID: 36157709.

-
Choi, . Ki‘ J.E., Lee, S.J., Gong, J.E., Jin, Y.J., Seo, S., Lee, J.H., Hwang, D.Y., 2021a.

Inflammatory response in the mid colon of ICR mice treated with polystyrene microplastics

19



for two weeks. Lab. Anim. Res. https://doi.org/10.1186/s42826-021-00109-w. PMID:
34809705, @

Choi, Y.J., Park, J.W., Kim, J.E., Lee, S.J., Gong, J.E., Jung, Y.S., Seo, S., Hw & 2021.
Novel characterization of constipation phenotypes in icr mice orally administrated\wi
polystyrene microplastics. Int. J. Mol. Sci. 22(11):5845 o ‘
.https://doi.org/10.3390/ijms22115845. PMID: 3407255 G

Ghosh, Shampa, Sinha, J.K., Ghosh, Soumya, Vashlstw Hani BhaBr R., (2023).
onmentiand Human Health.
. PMID: 32923712.

Microplastics as an Emerging Threat to the Global
Sustain. 15(14):10821. https://doi.org/10.3390/sul

Guinane, C.M., Cotter, P.D.,( 2013). Role oMgu icrobiota in health and chronic
a hiWetabolic organ. Therap. Adv.
re/00.1177/1756283X13482996. PMID:

gastrointestinal disease: Understandi

Gastroenterol. 6(4):295-308. ht

23814609. r
Q

Guvenc M, Dogan I. Effect of Hehchrxsum plicatum Subs. plicatum on Fructose-induced
P N

Nonalcoholic Fatty Liver., 2024. Iran J Vet Med. 18(1):23-32.
http://dx.d01.o@(§259§wm 18.1.1005349.

Hemargjata, ®., V. M J., (2013). Effects of probiotics on gut microbiota: Mechanisms of
'n&a immunomodulation and neuromodulation. Therap. Adv. 6(1):39-51
.Gastroenterol. https://doi.org/10.1177/1756283X12459294. PMID: 23320049.

20




Hussain AlDulaimi L. Effect of Oxidative Stress on Histological and Immunohistochemical
Changes in Testes of Albino Mice. 2024. Iran J Vet Med. 18(2):187-94. @
http://dx.doi.org/10.32598/ijvm.18.2.1005459. \

Huang, Z., Weng, Y., Shen, Q., Zhao, Y., Jin, Y., (2021). Microplastic: A potential threat%
human and animal health by interfering with the intestinal barrier'fu tio !nging the
intestinal microenvironment. Sci. Total Environ. 785:14@ \ Sl
https://doi.org/10.1016/j.scitotenv.2021.147365. PMID: 33760. \

\

Ili¢ IR, Stojanovi¢ NM, Radulovi¢ NS, Zivkovi¢ VV, jelovi¢ PJpPetrovi¢ AS, Bozié¢ M, Ili¢
RS., 2019. The Quantitative ER Immun(& emical Analysis in Breast Cancer:

re

Detecting the 3 + 0, 4 + 0, and 5 + (*ire ses. Med (Kaunas). 10;55(8):461.
https://doi: 10.3390/medicina5508046 1. IDM154

Jalaudin Basha, N.N., Adzuan Hafiz ma, M.S., Abu Bakar, N.F., (2023). Unveiling the

noxious effect of polystyrege?m las"cs in aquatic ecosystems and their toxicological
roa]ﬁ ront. Toxicol. 5:1135081.

023:1135081. PMID: 37215383.
Jang, D.I., Lee, A. I(Shm H ., Song, H.R., Park, J.H., Kang, T.B., Lee, S.R., Yang, S.H.,

(2021) r IW)or necrosis factor alpha (Tnf-a) in autoimmune disease and current
tnf- therapeutics. Int. J. Mol. Sci. 22(5):2719

tps: //d .0r#/10.3390/ijms22052719. PMID: 33800290.

behavior on fishes and

https://doi.org/10.3

Jin, Y., Lu, L., Tu, W., Luo, T., Fu, Z.,( 2019). Impacts of polystyrene microplastic on the gut

21



barrier, microbiota and metabolism of mice. .Sci. Total Environ. 649:308-317.
https://doi.org/10.1016/j.scitotenv.2018.08.353. PMID: 30176444, @

&Juce

microbiota dysbiosis and inflammation in the gut of adult zebrafish.. Environ. Pollut.
235:322-329. https://doi.org/10.1016/j.envpol.2017.12.088. PMID: 2‘30

Jin, Y., Xia, J., Pan, Z., Yang, J., Wang, W., Fu, Z., (2018). Polystyrene microp,

Johnson, S.E., Sherding, R.G., (2006). Diseases of the Liver 1% ract T Saunders
Manual of Small Animal Practice. 1:747-809. htt ://doi. org&O 1016/B0-72-160422-

6/50073-5.
Kannan, K., Vimalkumar, K.,( 2021). A Review oiﬁQp&ure to Microplastics and

Insights Into Microplastics as Obesogen En crinol. (Lausanne). 12:724989
https://doi.org/10.3389/fendo.2021.724989. W 34484127.

Kinnebrew, M.A., Pamer, E.G.,( 20 IQ ‘Jnune signaling in defense against intestinal

microbes. Immunol. Rev 245 1 Z‘ https://doi.org/10.1111/7.1600-

065X.2011.01081.x. P 2&416

Liu, M., Liu, J., Xi CXN(\’u Yunqiu, Huang, J., Zhang, J., Pu, Yuepu, Sun, R., Cheng,
K., (2023). Research advances of microplastics and potential health risks of microplastics

HX& ammals: a bibliometric analysis and literature review. Environ.
eoc ealth. 45(6):2803-38 .https:/doi.org/10.1007/s10653-022-01458-8. PMID:

) )

22



Mesgari Abbasi M, Khordadmehr M, Shanehbandi D, Jigari Asl F, Teimuri-Mofrad R, Tahmasebi
S, Asar MS, Eskandari F, Panahi Y., 2023. Apoptosis Induction by New Coumﬁn Derivatives

in a Mice Model of Breast Cancer. Arch Razi Inst. 78(5):1471-80. \
CN\N
S N 1

https://doi.org/10.32592/ARI.2023.78.5.1430.

Poudineh Morref M, Koohi MK, Alimolaei M, Emami T, Hassan J. A New Pr‘actical Purification

PN
Method for Type D Clostridium perfringens Epsilon Toxin by Size—Echusion‘
F & W

Chromatography (SEC) and Ultrafiltration (UF)., 2022. Iran J Vet Med.b16(2):178-87.
v
https://doi.org/ 10.22059/IJV|\/I.2021.327183.100&85 \

Parsaeimehr, A., Miller, C.M., Ozbay, G.,( 2023).
microbiota. Heliyon. 9(4):15104. https:f/dei
PMID: 37089279. )

sticq\nd their interactions with
.1016/j.heliyvon.2023.e15104.

Ren, X., Tang, J., Liu, X., Liu, Q.,( ec’of microplastics on greenhouse gas emissions
and the microbial comrnun#yhn ilizéd soil. Environ. Pollut. 1(256):113347
https://doi.org/lO.1016*1Vp 019.113347. PMID: 31672352.

Saeedi, M., (2023). How microplastics interact with food chain: a short overview of fate and

impacts. J. FoﬁSci. Technol. 61(3):403-413. https://doi.org/10.1007/s13197-023-05720-4.

PMID: {60\~
Seg%\,-l angyQ., Khan, S., Khan, M.A., Liu, Y., Wang, J., Lian, F., Wang, Q., Guo, G.,
)

roplastics in the soil environment: A critical review. Environ. Technol. Innov.

1(27):102408 https://doi.org/10.1016/].eti.2022.102408.
23




Sarikog F, Kalinli A, Akgiin H, Oztiirk F. 2013. An automated prognosis system for estrogen
hormone status assessment in breast cancer tissue samples. Turkish J Electr ﬁg Comput
Sci. https://doi:10.3906/elk-1111-10. \

Sauerbruch, T., Hennenberg, M., Trebicka, J., Beuers, U., (2021). Bile Acids, l! er Cirrhosis,
& 4

and Extrahepatic Vascular Dysfunction. Front. Physiol. 12:71878;.
https://doi.org/10.3389/fphys.2021.718783. PMID: 3439 \ Rl

Singh, S., Sharma, P., Pal, N., Kumawat, M., Shubhanq., Sa D .K. %Narl R.R., Kumar,
M., Nagpal, R., (2022). Impact of Environmental P nts on Gut Microbiome and Mental
Health via the Gut—Brain Axis. MlcroorganISh ): 14§
https://doi.org/10. 3390/m1croorgan1smsq7 1 ©35889175

St-Onge, M., Flamand, N., Biarc, J., Picar BWard L., Dussault, A.A., Laflamme, C.,
James, M.J., Caughey, G.E., Cl .Q)rgeat, P., Pouliot, M., (2007).
Characterization of prostag%a?dl ge’eration through the cyclooxygenase (COX)-2

hilsyBiochim. Biophys. Acta - Mol. Cell Biol. Lipids.

i %.1016/i.bbalip.2007.06.002. PMID: 17643350.

pathway in human neu

1771(9):1235-45.

Takiishi, T., Fenerd) C.I.
Shaping outy Wesponses throughout life. Tissue Barriers. 5(4):1373208
.ht / &1080/21688370.2017.1373208. PMID: 28956703.

> ggrnara, N.O.S., (2017). Intestinal barrier and gut microbiota:

Ticho, . l\‘lhotra, P., Dudeja, P.K., Gill, R.K., Alrefai, W.A., (2020). Intestinal absorption
of bile acids in health and disease. Compr. Physiol. 10(1):21 .

24



https://doi.org/10.1002/cphy.c190007. PMID: 31853951.

@
Tithof, P.K., Roberts, M.P., Guan, W., Elgayyar, M., Godkin, J.D.,( 2007). Distin@\
vine

phospholipase A2 enzymes regulate prostaglandin E2 and F2alpha producN
endometrial epithelial cells. Reprod. Biol. Endocrinol. 5(1):1-12,

https://doi.org/10.1186/1477-7827-5-16. PMID: 17459165. \\ ’

Vagner, M., Boudry, G., Courcot, L., Vincent, D., Dehaut, A@g,\i Huvg!, A., Tallec, K.,
Zambonino-Infante, J.L.,( 2022). Experimental e‘nce th olysth

the intestinal barrier of European seabass. Environ. ;166: 1(‘340
https://doi.org/10.1016/j.envint.2022.107340. PMID: 35 &10

Vajed Ebrahimi MT, Mohammadi Gheshlagh F, Parham A. Using Black Carrot extracts as an

e nanoplastics cross

alternative biological dye for the tissue sta1n1n¥023 Iran J Vet Med, 18(2), 279-290.
http://doi.org/10.32598/ijvm.18 IJ

Watts, D., Gaete, D., Rodriguez,’[;, v‘js, D., Rauner, M., Sormendi, S., Wielockx, B.,
(2020). Hypoxia pathw rote&are master regulators of erythropoiesis. Int. J. Mol. Sci.
21(21):813 htt S'/ 01.0rg/10:3390/ijms21218131. PMID: 33143240.

Wen S, Chen Y, Tang Y, Zhao Y, Liu S, You T, Xu H.,( 2023) Male reproductive toxicity of
x‘g tics: Study on the endoplasmic reticulum stress signaling pathway.
2 113577. https://doi.org/10.1016/j.fct.2022.113577. PMID: 36563925.

A )

25



Zhao, H., Ming, T., Tang, S., Ren, S., Yang, H., Liu, M., Tao, Q., Xu, H., (2022). Wnt signaling
in colorectal cancer: pathogenic role and therapeutic target. Mol. Cancer. 21(1):144

https://doi.org/10.1186/s12943-022-01616-7. PMID: 35836256.

Zigam QA, Al-Zubaidy AA, Abbas WJ, Al-Mudhafar RH., 2023. Cardioprotective

Octreotide against Sepsis-Induced Cardiotoxicity in Mice. Arch Razi

N

https://doi.org/10.22092/ARI1.2022.358339.2201

26



NMRI JU sbd g0 0uS 9 (edg5 30 (o biw! (L Sl 9,500 Coow (U )

2 ¢ g .1 . ” E 1,.2-..
ﬂbﬁU,&fg“){.&w‘ G»,,.ow‘m)w

sty JB g 3l sl jo a8 ~K&5 ):)*"5 Loy b8 b ypebsg oo (slaonisUT (MPS) laSiully 5 Soco 1dirn s

Wil 0,5 Ll 0g5 w0 |

o Lagitens & (p5lsS 38, slotisas (555 2 oSty Ko il o lito 4 anlllao oyl bt

Lol el g 10 5165 oliws 5 olionds Slge (5318 5 Jotuus 45 0T g gl oo (1,95 olSiws o)lg 138 5,k

27



£S5 ke 1 50.01.0.00T (slajss ;5 05, as b s (U9 055 Sz 4 olas ysbo s b 3 B9 36 alesl cal po 2515 by

Al 3l G el 24 0 a8 L 0 55 S 09,8 Sy nin,S 2l 59, 42 Sas 4 (Gl sk 3D 1, PS-MPS s 5 0 5'5kS

A Gglanm o5 ole g ol Jelse (6 egd ) gagimd (955099 ) gagimnd : Lmd.iyed (oleye
L

ol beasly saxsly

PS- il o (rizman 050 0S5 (9055 (55505505t 5 (S35 0e5tann 2 shie Ol <l
6)&#@ ‘_,.4|)5| Lu,_"‘ x 55Us W J)....S 09)5 D S PGE2 9 TNF'(X, LQQ.” J.n ) )|b (= ‘_,.4|)5| R_A-CL' MPS

2 oadlive S 09,5 4 Cuws PS-MPS L )l jo s slaog lo g - 3 mRNA oL o P<0/05)

3 TNF-0 slo 5516 alé 5 il 45315 (s agh pasis 5 (53 1 15 PS-MPS s 55 4, 35 S ena

Q Qa8 il S5 esg, yo 1) uilS-P g HIF-1a slagyy ol s PGE2
\ Ol (b ool Sl 5,500 S (9055 1 guls Wlols

28



