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Chapter 3
M aterials and methods

3.1 Hormones and reagents

Pregnant Mare Serum Gonadotrophin hormone (PMSGistopaque, Hyaluronidase,

DMEM/F12, penstrep, amphotericin and trypan blueefeom Sigma Chemical Co. (USA). All

the other chemicals used were of analytical gr&lecose estimation kit Glucose oxidase-
peroxidase (GOD-POD) was from Reckon Diagnosticst IRsulin ELISA kit was procured

from mercodia, human insulin, estradiol, progesterand testosterone ELISA kits were

procured from Diametra,

3.2 Antibodies

Rabbit polyclonal antibody against CYP19A1 dhdctin were purchased from Cell Signaling
and Goat polyclonal antibody against CYP11Al wasclpased from Santa Cruz. Rabbit
polyclonal antibodies againsB3d1SD, 13-HSD and StAR protein were generous gift from Dr.
Vann Luu-The (CHUL Research Center and Laval Umsiver Canada) and Dr. Douglas M.
Stocco (Department of Cell Biology and Biochemisirgxas Tech University, Lubbock, Texas,
USA) respectively. Rabbit antibody against PKCP38 MAPK and ERK Y2 MAPK were a
generous gift from Prof. R. K. Rao (University cgrihessee, Memphis, USA). Antibody against
IR-B, p-IRS (ser-307), PPAR-PI (3)K, p IRS(ser 307),p AKT, PKC andp-actin were from

cell signaling. For details refer Table 2.

3.3 Animals and Experimental Design

Adult virgin femaleCharles Foster rats weighing 180-220 g were used for this studyinrals
were maintained under standard laboratory conditigiemperature: 24+€; light: 12-h
light/12-h dark). They were given standard pellegt cand water ad libitum throughout the
experimental period and were monitored regulartyefach stage of estrous cycle. Animals were
divided into four groups with 6 animals in eachigroThe dosage of cadmium (0.05mg/kg b.w)
and dexamethasone (3mg/kg b.w) was selected omabis of previous reports (Pillai et al.
2002; Nampoothiri and Gupta 2006; Gao et al. 208fer 28 days of daily dexamethasone
treatment, animals were monitored for IR statu§Iil. Those animals showing IR were chosen

for the study and sacrificed at proestrus stage afiperovulation induction with pregnant mare
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serum gonadotropin (PMSG) - 10 IU. and human cimizigonadotrophin (hCG -100 IU.). The
experimental study was approved by the Animal EthiCommittee of the Department of
Biochemistry, The M.S. University of Baroda, andsvila accordance with the CPCSEA norms.

3.4 Selection of IR animalsand confirmation of IR

Standard oral glucose tolerance test was perfbafter 28 days of dexamethasone injection to
monitor the development of hyperglycemia in thevais. After 12 hour fasting 300ul of blood
was collected from retro orbital sinus for glucaes®l immunoreactive insulin measurement. For
oral glucose tolerance test (OGTT) 2 gm/kg bodygheglucose was administered and 100 pl
blood was collected at 30, 60, 90, and 120 min. Albed was subjected to 4000 rpm for 10 min
and serum was separated. Glucose was estimatedsiEwm using GOD-POD kit as per the
manufacturers instructions. Fasting serum was {tvexeeded for determining insulin levels
using Rat Insulin ELISA kit according to manufaes protocol (Mercodia, Germany). Further
to monitor IR in these hypergycemic animals, Fastirsulin resistance index (FIRI), a measure

of the insulin sensitivity was calculated accordioghe formula,

FIRI=Fasting serum insulin (uIU/ml) X Fasting serum glucose (mmol/L)
25

FIRI has been shown to have a better correlatidh mBulin sensitivity values than the fasting

glucose/insulin ratio giving a reference index ea#is shown in Table 1 (Duncan MH 1995).

3.5 Estrous cyclicity

Estrous cyclicity was monitored throughout the d@sachedule. Vaginal lavages from female
rats were obtained and viewed under a microscope (th@tween 0900-1000 h) for atleast three
consecutive cycles. A normal estrous cycle wamddfias exhibiting vaginal cytology that was
leukocytic (Diestrus) for 2 days followed by nudksh (Proestrus) forl day, cornified (Estrus) for

1 day and mixed cells (Metestrus) for 1 day.

3.6 Histological analysis

One ovary from each group was removed and stordd%n formaldehyde and then proceeded
for sectioning and hematoxylin and eosin stainifistological observations were made
microscopically. The slides were observed for nefotilicle, fibrosis, and other morphological

changes.
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3.7 Granulosa cell isolation from rat

Granulosa cells were isolated at proestrus stage the rat ovary as explained earlier (Campbell
1979). Briefly, ovaries were removed from animatsl &ept in Hanks Balanced Salt Solution
(HBSS) and centrifuged at 1000rpniCAto remove all the fat. The ovaries were then ated

in EGTA-BSA solution for 15 min at 3T followed by centrifugation at 1000 rpm for 5 min.
Samples were then incubated in hypertonic sucradetiean for 5 min at 4C and then
centrifuged at 1500rpm. The granulosa cells wengressed from ovary in HBSS by blunt
spatula and then washed three times with HBSS-EGY Bentrifugation at 1500rpm for 5 min.

The viability of cells was analysed at final stéyetrypan blue exclusion dye method.

3.8 Human follicular fluid collection

Human follicular fluid samples were collected afiigiormed consent from patients undergoing
IVF/ ICSI over the course of 32 months at NovasBUVF Clinic, Ahmedabad, India from 2012
August TO 2015 April.All the controls and patients  underwent contobli®varian hyper
stimulation (COH) using flexible antagonist protbd®ecombinant FSH & / or urinary human
menopausal gonadotropin (hMG) was started from rmbaday of period followed by the
antagonist (cetrorelix acetate). Final oocyte matuwas triggered with recombinant hCG or
GnRH agonist. Oocyte retrieval was performed aB®rhours of trigger injection. Follicular
fluid was sent in embryology laboratory for oocidentification & oocytes were separated out
for IVF/ICSI. The follicular fluid devoid of oocgtwas collected for the experiments. All the
controls and patients received a GnRH analog (GalRktr combination with FSH or human
menopausal gonadotropin (hMG), followed by admraisdn of human chorionic gonadotropin

(hCG). The follicular fluid was collected on theydat oocyte retrieval.

Inclusion criteria: The diagnosis included donors, male factor iffgrttubal factor infertility
and PCOS with an age ranging from 20-40 years.

Exclusion criteria: Patients with endometriosis and poor ovarianalesp were excluded from
the study.
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The study was approved by the Institutional Etkimsimittee for human research (IECHR),
Faculty of Science, The M. S. University of Barodadodara (Ethical Approval Number
FS/IECHR/BC/SG2).

3.9 Human granulosa-luteal cdl isolation and culture

DMEM/F12 with 10% FBS and Penicillin-G/ Streptomy¢L00 1U/mI/100 mg/ml) was used as
the basal medium for human luteal granulosa ceéll5G(@®) preparation and culture. Follicular
aspirates from individual patients n= 30 controdl ar= 40 PCOS were centrifuged at 300 g at
room temperature. Human granulosa cell were isblateing the protocol in the literature
(Foldesi et al. 1998). Briefly, blood contaminamtere removed from GCs by Histopaque
gradient centrifugation at 400 g at room tempegtdrhe middle layer of cells was then
collected and resuspended in 10 ml volume of medameh washed twice by a further 5 min
centrifugation. The GC pellet was then incubatethwd.1% hyaluronidase in DMEM/F12
medium without FBS for 30 mins at 37 deg c¢ witmstant shaking and gentle repeated
pipetting to break up cellular clumps. The enzymataction was stopped by addition of
DMEM/F12 with FBS and centrifugation at 300 g abmo temperature. The cell stock was
finally resuspended in 1 ml of DMEM/F12 with FBSh& viable cell count by trypan blue dye
exclusion was observed to be 90%. 0.5 X ddlls from each patient were aliquoted for protein

expression of INSE: Rest of the cells were cryopreserved for furtiss.

3.10 Immunocytochemistry

Isolated cells from follicular fluid samples wereacacterized by immunocytochemistry. Cells
were grown on glass slides in plastic tissue celtishes. After their adherence, the cells were
fixed with ice chilled methanol or 4% paraformalgéé at 4C for 10 min followed by 2 washes
with PBS. The cells were permeabilized with 0.1%0fr X-100 for 3-4 mins at € followed

by 2 washes with PBS. Incubation was then done hlibking buffer (0.5 % BSA+0.5 % FBS
in PBS) for 40-45 min at RT. The cells were theouivated over night with primary antibody
(178-HSD and B-HSD) at a dilution of 1:100 at°€. After 5 washes with washing buffer the
cells were incubated in secondary antibody (Goatrahbit IgG-FITC) at a dilution of 1:250 for
1 hr at R.T. After 5 washes with washing buffer leac staining was done with 100ng/ml DAPI
for 5min. The cells were washed with PBS and thisggslide was mounted on a slide in

mounting medium and then observed under Zeiss lstsaming confocal microscope-710. The
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excitation/emission spectrum for DAPI complexes 888 nm /461 nm. The excitation/emission
spectrum for Cy3 complexes was 550 nm/570 nm. Teges were analysed by LSM browser/
ZEN 2010 software.

3.11 Atomic absor ption spectroscopy (AAS) for Cd analysis

The levels of Cd in follicular fluid of patients ércontrols were analysed by AAS. Total 5
samples including 2 control and 3 PCOS were outsalito Vasu Health Care Ltd, Baroda for
the estimation. For validation of the experimenb tiwllicular fluid samples were spiked with

known concentration of Cd.

3.12 Measurement of Cd toxicity

The enzyme succinate dehydrogenase synthesizéw bgitochondria of live cells reduces 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazoliunrdmide (MTT) and converts it into yellow
formazan. Therefore, the production of formazaprigortional to the number of viable cells,
which was used to represent granulosa cell vighititthe present study. Granulosa cells were
seeded in 96-well plate at a density of 1#/200ul /well in DMEM/F12 with 10% FBS for 48
hrs. Following addition of Cd acetate at a conain ranging from 0-6M for 24, 10uL of
MTT solution containing 5 mg/mL thiazolyl blue MTWas added to each well. The cells were
cultured for a further 4 h and the optical deng®D) of the yellow color was measured at
490 nm by using a Multiskan microtiter plate reafiem Thermo Scientific. Each treatment

was repeated by 3 triplicate wells, and then reggeby 3 independent experiments.

3.13 Invitro culture of hL GC with Cd

After confirming for the presence of INRin the hLGC'’s isolated from the follicular ftui
aspirates of donors, male factor and tubal factfariility, the cells were categorized to be non-
insulin resistant and were pooled to get adequateber of them for all the experiments and
were demarcated as control group. Whereas luteimgganulosa cells isolated from follicular
fluid aspirates of PCOS that showed down regulatbdNR-f as against control cells were
termed as IR and pooled. Control and PCOS-IR gomautells were cultured in DMEM/F12
with 10% FBS for 48 hr and then incubated in freséddium with or without 321M of Cd
acetate for 24 hrs. Thus for chapter 5 we made @ifferent groups: control, control + Cd,
PCOS-IR and PCOS-IR+Cd. The supernatant was cetlentd freezed in - 8G for analysis of
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steroid hormones and cells harvested and procdededpression of genes, proteins, cell death

parameters and enzyme activity as required.

3.14 Human granulosa cdll culturing with bioactives

hLGC'’s were isolated from n=8 control, PCOS-IR &@OS-NIR and were pooled in respective
groups. The cells were initially cultured at a dgnsf 0.5 x 16 cells in 3ml of DMEM/F12
culture medium supplemented with 10% FBS in a @-pklte at 37° C and 5% C®@in a
humidified incubator for 48 h with no other treatrheAfter this, the media was removed and
cells washed with PBS to remove any traces of leddocells and the cells were then incubated
in serum free culture medium with or without swemarin (66uM), curcumin (33uM) and
positive control- metformin (1mM) for additional Ti2s. The doses were selected based upon the
studies in literature (Sonntag et al. 2005; Pa@52 Qin et al. 2015). The supernatant was
collected for hormone analysis and cells harve&iediene and protein expression and enzyme

activity.

3.15 Total RNA Extraction, RT-PCR and gRT-PCR

For the experiments in rat model total RNA wasagad from granulosa cells, hypothalamus and
pituitary whereas for humans RNA was isolatednfréollicular fluid granulosa cells and
cultured granulosa cells by using TRIzol, (Sigmah#dh, USA). Purity of RNA was confirmed
by A260/280 ratio and checked for integrit3ug of total RNA was reverse transcribed into first
strand cDNA. cDNA for different genes was subjedi@dPCR or gRT PCR. mRNA expression
of rat steroidogenic genes and cell death parametere analysed by RT-PCR, primers for the
same mentioned in table: 5. mMRNA expression of B@Rd CYP19A1 in hypothalamus and
FSHf and LH{ in pituitary were analysed by gRT-PCR, primers g same mentioned in
table 5. For RT-PCR, gradient PCR was performeti witange of annealing temperature from
51 to 60C. cDNA was amplified for 35 cycles using Fermer2asmaster mix (1.5 unit Taq
Polymerase, 2mM dNTP, 10x Tris, glycerol reactioffér, 25mMMgCh) with 20 pM forward
and reverse primer PCR products were separatedlér¥@apolyacrylamide gels (Sigma-Aldrich,
USA) and visualized and images were captured witbh& Imager software (UVP Image

Analysis Software Systems, USA) for densitometnialgsis
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For human studies, mMRNA expression of lipogeniceggiTable: 7), IGF system, gonadotropins
and their receptors (Table: 8) were analysed blytia@ PCR (Applied- Biosystem 7500-Real-
Time PCR Sequence detection System) and for stegeidc genes by predesigned from
TagMan gene expression assays (Table: 6) by maal HCR (Applied Biosystem 7500 FAST

Real Time PCR Sequence detection System) for giegenic gene expression.

For real time analysis, c-DNA was amplified for éfles using pl Power SYBR-Green master
mix, 10pM of each forward and reverse primers af@nyy cDNA (1/20th of total cDNA
preparation) in (Applied Biosystems, 7500-Real-TiRER Sequence detection System). All
gRT-PCR results were normalized to the levet-aictin determined in parallel reaction mixtures
to correct any differences in RNA input. For FASDyl of total reaction volume containingls
Tagman FAST master mix, O of 20X predesigned Tagman gene expression agéaysdied
Biosystems) using 100ng cDNA (1/20th of total cDIgfeparation) in (Applied Biosystems,
12K FLEX Quantstudio Real Time PCR). The gRT-PC8ults for human steroidogenic genes
were normalized to the level of 18S rRNA determiimegarallel reaction mixtures to correct any

differences in RNA input.

Fold changes in gqRT-PCR gene expression was amblyzieg 7500 Real time PCR software
V.2.0.6 and Data assist software (Applied Biosysténe.) which led to a possible estimation of
the actual fold change. The gPCR results are expdeas mean = S.E.M of RQ values versus

target gene. Negative RT was performed with untnaipsd RNA.

3.16 Western blot analysis

Granulosa cells isolated from rat, human follicdlard and human granulosa cells from culture
were suspended in 62.5 mM Tris-HCI, pH 6.8, 6 Maurg0% (v/v) glycerol, 2% (w/v) SDS,
0.00125% (w/v) bromophenol blue and freshly add#d(®/v) B-mercaptoethanol and subjected
to sonication on ice. Total protein content wasrngifiad using Bradford assay (Biorad Bradford
Solution, USA). 20 pg protein was loaded on 10% $Dlyacrylamide gel electrophoresis
under reducing conditions, along with pre-stainedlecular weight markers. The separated
proteins were electrophoretically transferred antatrocellulose membrane (GE Healthcare) by
a wet method (Bio rad, USA). The transfer was penéa at a constant voltage (100V) for 90
min in a buffer consisting of 25 mM Tris, 192 mMygine and 20% methanol. The membrane

was then incubated for HL at room temperature in blocking buffer (PBS- eamihg 5%
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skimmed milk and 0.1% Tween-20).Then, the membravexe incubated overnight at@ with
appropriate antibody dilution (Table: 2) in PBSataning 5% skimmed milk and 0.1% Tween-
20. They were washed in PBS-0.1% Tween-20 for Segimincubated for 1 h at room
temperature with a horseradish peroxidase-conjdgaté-rabbit or anti-goat or anti-mouse 1gG
from Bangalore Genei (Table: 2) in PBS- containt® skimmed milk and 0.1% Tween-20.
They were again washed 5 times with PBC-0.1% Tw&tefollowed by 2 washes in PBS. The
signal was detected by Ultra-sensitive enhanceandhminiscence reagent (Millipore, USA)
and image captured by Alliance 4.7 UVI Tec chemidoc

3.17 Estimation of hydroxysteroid dehydr ogenase activity

178-HSD and B-HSD activities were estimated in granulosa céileats and humans following
Shivanandappa &Venkatesh (Shivanandappa and Vestkdi®97). In brief, the assay system
contained 0.1 M Tris—HCI (pH 7.8), 5 mM nicotinami@denine dinucleotide (NAD), 1 mM
estradiol/dehydroepiandrostenedione (DHEA), and rAM 2-p-iodophenyl-3-p-nitrophenyl-5-
phenyl tetrazolium chloride (INT) and 50 ul of gudwsa cell lysate containing enzyme in a total
volume of 3 ml, which was incubated for 1 h at°87 The reaction was terminated using 50 mM

potassium phthalate buffer, and absorbance wasumeshat 490 nm.

3.18 Annexin V binding assay

The Annexin V-FITC antibody (BD) detects the extdisation of phosphatidylserine on the cell
membrane, which is one of the typical markers fmyeapoptosis. The isolated granulosa cells
from all the experimental groups were washed onite @old PBS at 1000rpm for 5 min. The
pellet was then reconstituted in cold 1X bindindféy 2 pL of Annexin V-FITC and 10 pL of
20pg/ml propidium iodide (PI) was added and incetatt room temperature for 15 min in dark.
After the incubation, cells were washed once wixhbinding buffer at 1000rpm for 5 mins and
resuspended in 100 pL 1X binding buffer. 20 uL ©éll suspension was mixed with equal
amount of mounting media, coverslip was appliedasdalized under Laser scanning confocal
microscopy.

3.19 Fallicular fluid and hL GC culture hormone analysis

The steroid hormones were measured in the follictiled devoid of cells and in the culture

medium by enzyme-linked immunosorbent assay (Dieanettaly), according to the
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manufacturer’s instructions. The standard curveEdy P4 and T ranged from 0 to 2000 pg/mL,
0 to 40 ng/ml and 0 to 16 ng/ml respectively. Thpesnatants were diluted to 1: 1000 for E2
and 1: 250 for P4 in PBS to ensure that the firsdle fell within the detection range of the

standard curve. Each sample was assayed in depliaat the E2 and P4 concentration was
calculated by multiplying the end value by the tido factor. The assay sensitivity range was
8.68pg/ml for E2, 0.05ng/ml for P4 and 0.07ng/mitistosterone.

3.20 Statistical Analysis

The results are presented as mean + standardneear. The data were statistically analyzed by
employing one-way analysis of variance followedNBwman Keuls Multiple Comparison Test
(GraphPad Prism; Graph Pad Software, Inc., La JGW). The minimum level of significance

(P < 0.05) was considered.
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