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Lo 4z oligS Cansgd

Abbreviation
MNZ Mancozeb
VitE Vitamin E
VitC Vitamin C
PMSG Pregnant Mares' Serum Gonadotropin
hCG human Chorionic Gonadotropin
FSH Follicle Stimulating Hormone
LH Luteinizing Hormone
GnRH Growth hormone Releasing Hormone
F1 First generation
ROS Reactive Oxygen Species
RNS Reactive Nitrogen Species
LPO Lipid Peroxidation
EDCs Endocrine disrupter chemicals
DTs dithiocarbamates
ETU Ethylenethiouria
EBDC Ethylenebisdithiocarbamate

GSI

Gonadosomatic Index




GV Germinal Vesicle
MI Metaphase I
MII Metaphase I1

In Vitro Fertilization
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Abstract

Background and Objectives: Mancozeb, as a fungicide from thiocarbamates group, has adverse
effects on reproductive system performance. Pregnant women and their growing embryos are
considered to be at high risk for these fungicides and other toxins. On the other hand, treatment with
vitamins as an antioxidant reduces the negative effects of different toxins on the reproductive organs.
The aim of this study was to investigate the effect of mancozeb-induced toxicity on sperm
parameters, testicular structure, fertilization rate and implantation in the first-generation mice pup’s

as well as the protective effect of vitamins E and C.

Methods: After observing the vaginal plug (considered as gestational day 1), female mice were
randomly divided into 6 groups: 1) Control (intact; Control), 2) Vehicle (receiving olive oil;
Vehicle), 3) Mancozeb (receiving 500 mg / kg / day; MNZ), 4) Vitamin E plus mancozeb (receiving
200 mg / kg / day; vitamin E + MNZ), 5) Vitamin C plus mancozeb (receiving 100 mg/kg/day;
Vitamin C + MNZ) and 6) Vitamins E and C plus mancozeb (Vit E + Vit C + MNZ) and then were
treated. All treatments were oral gavage from the second day of gestation until the end of lactation.
After birth, the first-generation offspring up to 8 old weeks were kept in the standard condition of
the animal house and grouped according to gender. After weighing and killing of adult male
offsprings using cervical dislocation method, the left vas deferens duct was isolated for sperm

parameters analysis (number, vitality, motility and morphology) and left epididymal tail was isolated



for in-vitro fertilization (IVF). Then dimensions, weight of both testes and gonadosomatic index
(GSI) were measured and recorded. To determine the testicular parameters (seminiferous tubule
diameter, seminiferous lumen diameter, epithelial thickness, Johnsen's scoring, spermatogonial cell
counting, spermatocyte, spermatid and sertoli, appearance and qualitative structure of the
seminiferous tubule), the left testis was seperated and then histological and staining procedures were
performed. For in-vitro study, the first-generation adult female mice pups were superovulated, then
their oocytes were evaluated for nuclear maturity. After insemination of the first-generation
offsprings’ sperm with MII oocytes and assess the fertilization rate, embryos development was
monitored up to 96 hours. Also, in order to evaluate the fecundity and implantation capacity,

embryos implantation was studied on 8" day pregnancy in terms of number and implantation status.

Results: In the mancozeb group (MNZ), there was a significant difference in sperm parameters
(number, viability, motility and morphology) and testicular parameters (seminiferous tubule
diameter, seminiferous lumen diameter, epithelial thickness, Johnson's score, spermatogonial cell
counting, spermatocyte, spermatid and sertoli, appearance and qualitative structure of the
seminiferous tubule), compared to the control group (P<0.05, P<0.01 and P<0.001). Also,
mancozeb significantly reduced the oocyte number (P=0.006), metaphase II percent (P=0.006,
MID), fertilization rate (P=0.005) and embryo development up to 2-cells stage (P=0.005) versus
control group, and none of the zygote reached up to 4-cells stage in this group (P=0.004). On the
other hand, the number of implanted embryos in the mancozeb group showed a significant decline

compared to the control group (P=0.002). In most groups, treatment by vitamins E and C



(individually or in combination) during pregnancy and lactation periods significantly reduced the
adverse effects of mancozeb on sperm parameters, tetsis, obtained oocyte number, fertilization rate,

embryo development, fecundity and implantation.

Conclusions: Our research was showed that mancozeb exposure during pregnancy and lactation
periods has an adverse effect on the first-generation's reproductive organs. Nevertheless, the
administration of vitamins E and C could reduce the harmful effects of mancozeb. On the other hand,
simultaneous consumption of vitamins E and C has more protective effect on the majority of
parameters than either of the vitamins alone, which indicates the synergistic properties of these two

vitamins.

Keywords: Mancozeb, Sperm parameters, Testis parameters, Vitamins E and C, In-vitro

fertilization, First-generation, Embryo development, Fecundity, Implantation.
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