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Table 1. Details of Primers used for Real-time PCR

Gene name Accession number Primer sequence: 5—3": Forward/Reverse Product length (bP)
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Table 2. PCR Primer used in DNA Methylation reaction
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Gene name Primer sequence: 5—3": Forward/Reverse

Product length (bP)
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Reverse: 5'- CACCAAAAACACTCTACCCAAACCTATTC -3’ ’
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Figure 1. Effect of different concentrations of herbicide RounduP on maturation rate of goat oocytes. Different letters
indicate significant differences between grouPs (p<0.05).
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Figure 2. Effect of different concentration of herbicide RounduP on StAR, CYP11A1, 17BHSD and CYP19 gene
exPression in goat oocytes. Different letters indicate significant differences between grouPs (p<0.05).
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Table 3. The effect of herbicide RounduP on DNA methylation of Promater site of StAR gene in cumulus cells (The
numbers in table are based on the Percentage). Numbers 1 to 11 indicate the examined CPGs in the Promoter

region
11 10 9 8 7 6 5 4 3 2 1 (Position number) o5 l> o ,loss
66.5 86.9 96.2 92.5 89.2 88.2 87.8 90.9 725 87.1 84.8 (Control) aals
67 81 93.3 89.9 81.8 86.5 85 89.1 73.3 91.9 79.6 375 um
59.5 83.9 95.2 93 86.7 88.4 83.8 90.9 75.2 88.8 77.6 187.5 Um
51.1 82.5 89 89.1 83.9 83.6 85.5 89.5 71 91.8 80.2 3.75 um

A0 Jis! g 0 CYP19 s CYP11AL StAR (clo 5 3590 1
NS s iy S Ule ) Nsos,Seo WAVID clile &S
el Y 509,50 VO Calé &) sl (g 5y

oSl ygrdlite (3 2 Iy S ile Coglite sl 3T
d o adog b ors ol LiY Jgi> P SIAR (5 gesy
P o P SAR (5 jigogy (omeMlito Jopd 01 odyg] Joier >
sl Mo b oglis aalis o &y o oo 1 Y g09,Si0 YVO
20y o | 038" }Y505)Su0 VAV/A b Jlowi o Lol b ssalisio
AYIA sl o > 5 o> WIF & o)lais CPG p jmdhiio
o)lod CPG > (igudlito deopd elod (3l 3 (i o 92 M0
P Opored A odaliio dod FE/O 8l o 13 g Loy BA/D )Y
Joy yialS 3 Y 0)las CPG 4l 3 qow i )Y 509,500 YV o
P Oawedlio 1oy OV i pay) W8l Jlowi 4y Comd ygmuodisio
A oo (1o £5/0 Jlao

o i bl el Jaors Cans; cloosy¥T (500 3 (585
Cusl DNA fignadlito e (ol gtz ] (IY) 39800 S35
1 (SAM) (i il =S Jf Lo o S Jil Jls o5
Jeio DNA 51 bawg &8 ol cpjgis J 5k 5l & ojles
(1) 355 o 90 (DY) Sl

el DDT oo & 3 s (V) ofSad 5 ogisd il
Ab g i e (hge (ugeWlgws DML o fals
&S CPG i oS ab i osd dliie PCRDNA 3JU1 yizmors
Ol ()l ime ygbo & ol Jlo & Cund 85 1S () 2390
SLCPG pous osalie UWM“" O.Jblf A5 osaliie uy.w)'iwo
o ool DNME cfled 12l 50l 3l Saegy anl cugliis

oy B el ISl (om0 > ShadS (585 )3
Crioed () 9 Sy 030 g i pgil AR o i Mg
A5 ) e ol S edl & b s S5 o ing
{7) 395 o0 sl 3 Lo 5 (69l o

ol il o o ESEdl g o 330 L5 bn gy
Spk S ol o ST Ngd o Sllge Jio Mg > S
» P adggal Ggape oy e > s b Vgesa
oS3 ol gl S9d e pasuie (59 (4B Sl 9 gl
5 sl gyt L2l el SAR 55 ol » M1 b
e b 35590 s oo b s (ol om0t
o) 5 el s does (bl oyl (YR) ob zals" |, PASOsce
b Gl or (M) e g Gilly gl wli b iegy
085 518 o (s o8 (F) ()lSen g gk imgl 2l b conen
g 59y ¥o e 4 'DBP wile e iSedl Loy
P Se dtfm}j OBy ke cel die Gk
P9 mpl SWAR 5:S9p dler 5l (giluasy il
»3p-HSD 4 CYP19 LCYP17 P450scc
A odblie Jlodp e o (oli &b gl peyal

2 OAVID UM i) siiiSdas Cis 3 b Jas (58
4 s CYP19 3 CYPLIAL SIAR (gl (oo o il
s e o (Jo 339 iy TVO UM CLAlE) 04iiS o Jlos
il tals sl o & Consd 00228 dad Jlod 5 b o)
i o &) Canad 01S o o 0 j (pl s Ol S
L;Lmo);@ﬂ) 59050 SRS Ly 35 31 il gy yioS odiS dow
Lol st o8 (lacdale 3 (g8 i Il ()b (oo Cun
Ol ) s 31 g b g inds Al (el ol clac el

1- Di-n-butyl Phthalate

2- DichlorodiPhenyltrichloroethane


http://dx.doi.org/10.61186/rap.14.39.94
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.39.10.1
http://rap.sanru.ac.ir/article-1-1316-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-09 |

[ DOR: 20.1001.1.22518622.1402.14.39.10.1 ]

[ DOI: 10.61186/rap.14.39.94

S0

Fin e g @l silail cou)s s des (oM o1l

o5 S5 o
oiScale gl glacdale g5l aS o i jiagd cpl gl
o 230 Sjlad 1y baloggl (5 9y JelSS £5 Gl
(s Ol i o 2 I (6l sina yolo 4 3L Jlo &y s
S ol & odlgesS sladsho ) il gl (sl
P Mo B 56 Claly bl oy jials sal jles 4y s
e by udls SAR (55 yigesy, DNA (igudlite o fine
350 (osyi ol ials p Olaly iSdle (b oS ob s

WeY ke 1Y oles /WMD)LQ& b ob clidg clauings,

(VF) ) )Sa g 057505 ol b yismgy oyl odal Canly does ol
by célao

G (s S gt b ooV Al @ el o
Joi W 0)as CPG (ygrusdlito dop & a2 b ol oyl 2 (1)
CPG (o gDt b3 b duslio > Yigng Sen YIVO clile |
Casl (500 SAR (17 3)50 2 0¥ 09,5 WAVID e b Jlos >
NS W iy S ) Vae o YD clile &S
b yY g09,Sue VAV/D clale &y a6y

Al (55 Gl (oS oS slaypunsto 1503 81k il g

&l

1. Andersen, H.R., I.M. Schmidt, P. Grandjean, T.K. Jensen, E. Budtz-Jgrgensen, M.B. Kjaerstad, J.
Baelum, J.B. Nielsen, N.E. Skakkebaek and K.M. Main. 2008. ImPaired reProductive develoPment in
sons of women occuPationally exPosed to Pesticides during Pregnancy. Environmental Health
PersPective, 116(4): 566-672.

2. Auger, J., J.M. Kunstmann, F. Czyglik and P. Jouannet. 1995. Decline in semen quality among fertile
men in Paris during the Past 20 years. The New England Journal of Medicine, 332: 281-285.

3. Baccarelli, A. and V. Bollati. 2009. EPigenetics and environmental chemicals. Current OPinion in
Pediatrics, 21: 243-251.

4. Bello, U.M., M.C. Madekurozwa, H.B. Groenewald, T.A. Aire and A. Arukwe. 2014. The effects on
steroidogenesis and histoPathology of adult male JaPanese quails (Coturnix coturnix jaPonica) testis
following Pre-Pubertal exPosure to di(n-butyl) Phthalate (DBP). ComParative Biochemistry and
Physiology Part C: Toxicology and Pharmacology, 166: 24-33

5. Bettegowda, A., O.V. Patel, K.B. Lee, K.E. Park, M. Salem, J. Yao, J.J. Ireland and G.W. Smith. 2008.
Identification of novel bovine cumulus cell molecular markers Predictive of oocyte comPetence:
functional and diagnostic imPlications. Biology of ReProduction, 79: 301-309.

6. Bretveld, R.W., C.M.G. Thomas, P.T.J. ScheePers, G.A. Zielhuis and N. Roeleveld. 2006. Pesticide
exPosure: The hormonal function of the female reProductive system disruPted. ReProductive Biology
and Endocrinology, 4: 30.

7. CamPagna, C., M.A. Sirard, P. Ayotte and J.L. Bailey. 2001. ImPaired maturation, fertilization and
embryonic develoPment of Porcine oocytes following exPosure to an environmentally relevant
organochlorine mixture. Biology of ReProduction, 65: 554-560.

8. Casas, E., E. Bonilla, Y. Ducolomb and M. Betancourt. 2010. Differential effects of herbicides atrazine
and fenoxaProP-ethyl and insecticides Diazinon and Malathion, on viability and maturation of Porcine
oocytes in vitro. Toxicology in Vitro, 24: 224-30.

9. Cetica, P.D., L.N. Pintos, G.C. Dalvit and M.T. Beconi. 2001. Antioxidant enzyme activity and
oxidative stress in bovine oocyte in vitromaturation. International Union of Biochemistry and Molecular
BiologyL.ife, 51: 57-64.

10. Cisneros, F.J. 2002. DNA methylation and male infertility. Frontiers in Bioscience, 9: 1189-200.

11. Furger, C., L. Cronier, C. Poirot and M. Pouchelet. 1996. Human granulosa cells in culture exhibit
functional cyclic AMP-regulated gaP junctions. Molecular Human ReProduction, 2: 541-548.

12. Giesy, J.P., S. Dobson and K.R. Solomon. 2000. Ecotoxicological risk assessment for RounduP
herbicide. Reviews of Environmental Contamination and Toxicology, 167: 35-120.

13.Hou, L., X. Zhang, D. Wang and A. Baccarelli. 2011. Environmental chemical exPosures andhuman
ePigenetics. International Journal of EPidemiology, 41: 79-105.

14. Hughes, S.F., A.F. Haney and C.L. Hughes. 1990. Use of human cumulus granulosa cells for in vitro
screening of reProductive toxicants. ReProductive Toxicology, 4: 11-15.

15. Janssenswillen, C., Z.P. Nagy and A. Van Steirteghem. 1995. Maturation of human cumulus-free
germinal vesicle-stageoocytes to metaPhase Il by Coculture with monolayer Verocells. Human
ReProduction, 10: 375-376.

16. Jurewicz, J., W. Hanke and T. Makowiec-Dabrowska. 2008. Low risk of reProductive disorders among
female greenhouse workers--safe work conditions or health selection for the light work? Medycyna
Pracy, 59(2): 123 -31.

17. Kacevska, M., M. Ivanov, A. Wyss, S. Kasela, L. Milani, A. Rane and M. Ingelman-sundberg. 2012.
DNA methylation dynamics in the hePatic CYP3A4 gene Promoter. Biochimie, 94(11): 2338-44.

18. Kamarianos, A., X. Karamanlis, P. Goulas, E. Theodosiadou and A. Smokovitis. 2003. ThePresence of
environmental Pollutants in the follicular fluid of farm animals (cattle, sheeP, goats, and Pigs).
ReProductive Toxicology, 17: 185-190.


http://humrep.oxfordjournals.org/
http://humrep.oxfordjournals.org/
http://dx.doi.org/10.61186/rap.14.39.94
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.39.10.1
http://rap.sanru.ac.ir/article-1-1316-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-09 |

[ DOR: 20.1001.1.22518622.1402.14.39.10.1 ]

[ DOI: 10.61186/rap.14.39.94

Sin e g gl ilail C5u)j oy de ¢ oM 01yl
R — S5 s S 50 SEAR (5 pigegy olSle yamedlie g (o5l Ay il (odiiS mudats slays o ol g Il piSaile 3G

19.Kim, K.Y., D.S. Kim, S.K. Lee, J.H. Kang, Y.S. Chang, J.R.D.R. Jacobs, M. Lee and D.H. Steffes.
2010. Association of low-dose exPosure to Persistent Organic Pollutants with global DNA
hyPomethylation in healthy Koreans. Environmental health PersPectives, 118: 370.

20.Kaoller, V.J., M. Furhacker, A. Nersesyan, M. Misik, M. Eisenbauer and S. Knasmueller. 2012.
Cytotoxic and DNA-damaging ProPerties of glyPhosate and RounduP in human-derived buccal
ePithelial cells. Arch Toxicol, 86: 805-813.

21.Nandi, S., P. GuPta, S. Roy, S. Selvaraju and J. Ravindra. 2011. ChlorPyrifos and endosulfan affect
buffalo oocyte maturation, fertilization, and embryo develoPment in vitro directly and through cumulus
cells. Environmental toxicology, 26: 57-67.

22.0rPhanides, G. and D. Reinberg. 2003. A Unified Theory of Gene ExPression. Cell, 108:439-451.

23.Pocar, P., T.A.L. Brevini, B. Fischer and F. Gandolfi. 2003. The imPact of endocrine disruPtors on
oocyte comPetence. ReProduction, 125: 313-325.

24.Romano, R.M., M.A. Romano, M.M. Bernardi and C.A. Oliveira. 2010. PrePubertal exPosure to
commercial formulation of the herbicide GlyPhosate alters testosterone levels and testicular
morPhology. ReProductive Toxicology, 84: 309-317.

25.Sharara, F.l., D.B. Seifer and J.A. Flaws. 1998. Environmental toxicants and female reProduction.
Fertility and Sterility, 70: 613-622.

26. Shutoh, Y., M. Takeda, R. Ohtsuka, A. Haishima, S. Yamaguchi, H. Fujie, Y. Komatsu, K. Maita and
T. Harada. 2009. Low dose effects of dichlorodiPhenyltrichloroethane (DDT) on gene transcriPtion and
DNA methylation in the hyPothalamus of young male rats: imPlication of hormesis-like effects. The
Journal of Toxicological Sciences, 34: 469-482.

27.Stoker, T.E., D.L. Guidici, S.C. Laws and R.L. CooPer. 2002. The effects of atrazine metabolites on
Puberty and thyroid function in the male wistar rat. Toxicological Sciences, 67: 198-206.

28. Sun, GM., G.M. Wu, L. Lai, K. W. Park, R. Cabot, H.T. Cheong, B.N. Day, R.S. Prather and H.
Schatten. 2001. Translocation of active mitochondria during Pig oocyte maturation, fertilization and
early embryo develoPment in vitro. The jornal of the society for reProduction and fertility, 122: 155-
163.

29.Walsh L.P. and D.M. Stocco. 2000. Effects of lindane on steroidogenesis and steroidogenic acute
regulatory Protein exPression. Biology of ReProcuction, 63: 1024-1033.

30. Welshons, W.V., S.C. Nagel and F.S. Vom Saal. 2006. Large effects from small exPosures. IlI.
Endocrine mechanisms mediating effects of bisPhenol A at levels of human exPosure. Endocrinology,
147(6): 56-69.

31.Xing C., S. Chen, Y. Wang, Z. Pan, Y. Zou, S. Sun, Z. Ren and Y. Zhang. 2022. GlyPhosate exPosure
deteriorates oocyte meiotic maturation via induction of organelle dysfunctions in Pigs. Animal Science
and Biotechnology, 13: 80.


http://dx.doi.org/10.61186/rap.14.39.94
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.39.10.1
http://rap.sanru.ac.ir/article-1-1316-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-09 |

[ DOR: 20.1001.1.22518622.1402.14.39.10.1 ]

[ DOI: 10.61186/rap.14.39.94

Research on Animal Production, Vol. 14, No. 39, Spring 2023 ... ..o e e e e ettt ee e e
(ool
Effect of Herbicide RounduP on ExPression of Steroidogenic Genes and DNA
Methylation of Promoter site of StAR Gene During in Vitro Maturation of Goat

Oocyte

Maedeh Gholami', Hamid Deldar?, Zarbakht Ansari Pirsaraei® and Ali Barzegar®

1- Graduated M.Sc. Student, Department of Animal Science, Sari Agricultural and Natural Resources University,
Sari, Iran
2- Associate Professor, Department of Animal Science, Sari Agricultural and Natural Resources University, Sari,
Iran, (CorresPonding aouthor: hdeldar@sanru.ac.ir)
3- Associate Professor, Department of Animal Science, Sari Agricultural and Natural Resources University, Sari, Iran
Received: 30 July, 2022 AccePted: 30 October, 2022

Extended Abstract

Introduction and Objective: In conjunction with the increase in PoPulation and the need to
Produce more food, Pesticides have been used to control and eliminate Pests in livestock and
agricultural Products. Regrettably, the excessive use of Pesticides causes damage to the
environment, Plants, animals, water, and soil. The Present study was conducted to investigate the
effect of different concentrations of RounduP herbicide as a widely used and common agricultural
Pesticide in in vitro maturation of goat oocytes.

Material and Methods: To PrePare goat oocytes, ovaries were PrePared from a slaughterhouse
and transPorted to the laboratory into the flask containing warm saline (30-340C). Oocyte
cumulus comPlexes (COC) were removed from small antral follicles (2-6 mm) with the slicing
method and transferred to a maturation medium whit different concentration of RounduP. COC
was Placed in a maturation medium for 24 hours and reached metaPhase stage Il (nuclear
maturation). The exPeriment was examined in a comPletely randomized design with 4 treatments
included: control, 187.5 uM, 375 uM, and 750 uM of the rounduP.

Results: This study showed that the addition of different concentrations of the herbicide RounduP
significantly decreased the maturation rate of goat oocytes than the control treatment (P < 0.05).
Also, the addition of different concentrations of RounduP in the goat maturation medium reduced
the steroidogenic gene exPression in cumulus cells comPared to the control treatment. However,
RounduP did not have a considerable influence on DNA methylation in the Promoter site of the
StAR gene.

Conclusion: The efficacy of the treatment with a dose of 187.5 uM of the rounduP in reducing
the relative exPression of StAR, CYP11Al and CYP19 genes was higher than the 375 uM, which
could be as a consequence of the fact that hormone disruPters (environmental Pollutants) have
strong biological effects in low concentrations, but in high concentrations, they have weak or no
biological effects.

Keywords: DNA methylation, Herbicide RounduP, In vitro maturation, Oocyte cumulus
comPlex
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