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Abstract

Tea (Camellia sinensis) being the most consumed beverage worldwide. The safety evaluation of tea needs to be monitored
during pregnancy, prenatal and postnatal developmental period beside its beneficial roles toward health and disease.
Retardation of growth of fetus and neonates are common in preeclampsia. Present study was to evaluate the role of Black Tea
extract (BTE) on placental and apoptotic markers in pregnant Wister albino rats and to correlate it the growth of fetus and
pups. Among three experimental groups, Group 1 was pregnant female rats treated with saline, were the control group. Group
2 and Group 3 were pregnant female rats treated with 50 mg and 100 mg BTE /kg/day, p.o. respectively throughout prenatal
and postnatal periods. Expressions of BMP-7, MMP-2 and VEGFR?2 in placenta were examined by flow cytometry; Bax, Bcl-2
and caspase-3 expressions in uteri and placenta were observed by IHC. Bone health of fetus and pup were checked by histology,
bone-cartilage double staining and estimation of bone mineral density by ICP-MS. Experimental data were subjected to the
ANOVA; expressed as mean * standard deviation with significance (P < 0.05) between the controls and the treated groups (n
= 6). BTE increased the level of MMP-2, Bax and caspase-3; decreased the level of BMP-7 in placenta. In fetus and pups, BTE
significantly decreased the concentration of Ca?, P, Mg?* and Zn?* in bone and decreased the rate of ossification were observed.

This study confirmed BTE induced preeclampsia retarded the fetal and neonatal bone health in experimental animal model.
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Abbreviations: BTE: Black tea extract; FACS: Myanmar [1]. Tea is one of the most widely consumed
Fluorescence-activated cell sorting; ICP-MS: Inductively beveragesintheworld, withaglobalmarketcomprisingoffour
coupled plasma-mass spectrometry; PBS: Phosphate buffered major zones: Asia-Pacific, Europe, North America and Africa
saline; FCS: Fetal calf serum; IHC: Immunohistochemistry. [2,3]. The tea is second only to water in terms of worldwide
consumption and presently tea is cultivated in over thirty

Introduction countries around the world [4,5]. Tea is classified into three
types; green tea, black tea and oolong tea. The classification

Tea (Camellia sinensis) is native to the different Asian of tea is based on the fermentation and oxidation of the
countries like China, India, Laos, Thailand, Vietnam, and polypheno]s in the tea leaves during production [6] Green
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tea is the non-fermented form of tea, in which the oxidation
of the tea polyphenols called catechins is prevented and thus,
most of the catechins are preserved during its processing.
Black tea and oolong tea are respectively fully fermented
and semi-fermented tea leaves. In black tea and oolong tea,
leaf polyphenolics are allowed for aerobic oxidation and the
catechins are enzymatically catalysed to form theaflavins
and thearubigins [4,7]. In case of black tea the reaction is
carried out to maximize the oxidation (fermentation) but
for oolong tea reaction is stopped usually half-way before
it is completely oxidised. There are two main types of black
tea; orthodox (rolling) black tea and CTC (crushing, tearing
and curling) black tea, produced through various stages
including withering, rolling, drying and grading [8]. Tea
and its bioactive components have the potential in disease
prevention and are effective in therapy. Both green tea and
black tea are cardio protective [9,10], antioxidant and anti-
inflammatory [11,12], has anti-cancer effects [13,14], anti-
obese effects [15], neuroprotective effects [16]. Despite
the increasing demand for tea and its active constituents,
few studies have reported their safety. Tea has numerous
beneficial roles towards health and disease but its safety
evaluation during pregnancy and prenatal as well as in
postnatal developmental period need to be monitored.
Very few studies have been reported regarding tea extract
consumption and its effect during pregnancy in animal
models [17,18]. Pu-erh black tea a highly fermented version
of black tea is associated with development of fetal toxicity
at a high concentration [19]. Preeclampsia is a disease of
late pregnancy characterized by increased maternal blood
pressure, proteinuria, increase in pro-inflammatory cytokine
and decrease in anti-inflammatory cytokine [20,21].
According to Dey, etal. [22] black tea induced preeclampsiain
experimental Wister albino rat [22]. In the present study, an
attempt has been made to assess the effect of varying doses
of black tea extract (BTE) on some placental and apoptotic
markers that caused preeclamsia in pregnant rats which may
further leads to retardation of growth in fetus and pups.

Materials and Methods
Chemicals

Absolute alcohol (ethanol) and Methanol (Merck,
India), Alcian blue 8GX (Sigma-Aldrich, USA), Alizarin Red
S (Sigma-Aldrich, USA), Anti-rat Alexa Fluor 488-MMP-
2 (Novus Biologicals, USA) for FACS, Anti-rat Bax, Bcl2,
caspase-3 (Santa Cruz Biotechnology, United States) for
immunohistochemistry, Anti-rat FITC BMP-7 (Milli-Mark,
USA) for FACS, Anti-rat PE VEGFR2 (BioLegend, USA) for
FACS, Avitin-Biotin Conjugate (Thermo Fisher Scientific,
United States) for immunohistochemistry, Benzyl alcohol
(Milli-Mark, India), Biotin-conjugated anti-rat secondary
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antibodies (Thermo Fisher Scientific, United States) for
immunohistochemistry, Collagenase (type V) (Himedia,
India), DAB substrate and diluent (Thermo Fisher Scientific,
United States) for immunohistochemistry, DPX (LOBA
Chemie, India), Di-sodium hydrogen phosphate (SRL, India),
Sodium di-hydrogen phosphate (SRL, India), Eosin (Sigma,
USA), Fetal calf serum (Sigma-Aldrich, USA), Formaldehyde
solution 37-41% w/v (Merck, India), Glacial Acetic Acid
(Merck, India), Glycerol anhydrous (Milli-Mark, India),
Hematoxylin (Merck, Germany), Hydrogen peroxide (Milli-
Mark, India), Paraffin wax 56-58°C (Merck, India), Nitric acid
(Milli-Mark, India), Potassium hydroxide (Merck, India), Salt
mixture H.M.W. (SRL, India), Sodium chloride (SRL, India),
Tri-sodium citrate (Merck, India), Trizma® base (SRL, India),
Tween-20 (Milli-Mark, India), Xylene (Merck, India).

Animals

Male (150+10 g) and female (120+10 g) wister albino
rats were obtained from the enlisted supplier of CPCSEA
(Committee for the Purpose of Control and Supervision
of Experiments on Animal), India. Rats were kept in
polypropylene cages (421x290x190mm) at controlled
temperature (25%2°), light condition (12h light and dark
cycle) and relative humidity (65+5%). The animals were
provided with pellet diet, green vegetables, gram and water
ad libitum. All animals for this experiment were kept in
CPCSEA approved animal house (vide F. No. - 25/250/2012-
AWD, dated 26.2.2014) of Maulana Azad College, Kolkata.
Experiments described in this study were done by following
the guideline of the CPCSEA, Government of India.

Collection of Black Tea

Fresh black tea (C.T.C., Assam) was purchased from
authenticated tea supplier M/S. Subodh Brothers Pvt. Ltd.,
Kolkata-700012, India.

» Preparation of black tea extract and treatment
schedule

Black tea extract (BTE) was prepared after Dey, et al. [22].
First, 1 g black tea was added into 100 ml of boiled drinking
water, was kept covered for 5 minutes, filtered by a tea
strainer. The dry weight of 100 ml freshly prepared BTE was
calculated by evaporating the water from which is equivalent
to one cup of black tea liquor. Dry weight of BTE/ml was also
calculated in the same way by adding 1 g of black tea in 6
ml boiled drinking water. 50 mg and 100 mg BTE/kg b.w./
day, p.o. were the two doses selected for treatment which are
equivalent to 5 cup and 10 cup BTE respectively in human
considering 60 kg as average body weight of an adult human.
1 g of black tea was added in 6 ml boiled drinking water, was
kept covered for 5 minutes, filtered and cooled down to 40°C.
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200 pl and 400 pl BTE from this liquor was administered
orally to achieve respective dose of 50 mg and 100 mg BTE/
kg b.w./day. The doses were administered orally by the help
of oral gavage to the pregnant rats throughout their prenatal
(21 days) and postnatal periods of time (21days).

Experimental Design

The pregnant rats were selected by pairing a pro-estrous
female overnight with two male rats of proven fertility
and determining the vaginal sperm count on the following
day (9:00 to 9:30 a.m.) using an improved Neubauer
haemocytometer. Rats with vaginal sperm counts >45x10¢/
ml were selected and considered as at day 0 of pregnancy.
For this study three animal groups were chosen (n=8 per
group). Group 1 was the control group where the pregnant
female rats were treated with saline. Group 2 and Group 3
were pregnant female rats treated with 50 mg and 100 mg
BTE/kg body weight/day, p.o. respectively. Both the doses of
BTE were administered in the pregnant rats throughout their
prenatal (21 days) and postnatal periods (21days) of time.
All three groups of rats were provided with pellet diet, gram,
green vegetables and drinking water ad libitum.

Isolation of Placenta and Uterus

Pregnant rats (on day 20) of three different groups were
euthanized according to CPCSEA approved procedures.
Uterine horns were picked up, collected by using scissors
at each distal end, placed in a petri dish filled with PBS and
place on ice, washed several times with PBS before isolating
the placenta. The endometrial tissue was carefully peeled out
surrounding the embryo conceptuses. Isolated conceptuses
were placed in a new petri dish with PBS on ice and continue
until all conceptuses have been freed from the endometrium.
Conceptuses were transferred to a new petri dish with PBS
placed under the microscope and with two forceps peel the
decidua away from the placenta. Yolk sacs, excess giant cell
tissue at the edges of the placenta were removed in order
to minimize cell clumping during preparation of single-cell
suspension. Placentas for FACS analysis were collected in a
15-ml Falcon tube, with PBS+5% FCS and on ice [23]. Uteri
and placenta of different groups were fixed in 10% neutral
buffered formalin for immunohistochemistry.

» Study of placental BMP-7, MMP-2 and VEGFR2
positive cells population by flow cytometry

0.1% Collagenase solution in PBS with 10% FCS was
prepared and was added into placenta (5ml/placenta). 16-G
needle fitted on a 5-ml syringe was used to mechanically
disrupt the tissue by passaging the collagenase solution and
placenta through the needle 3 times. It was repeated with
an 18-G needle. The mixture was placed in a 37°C, 5% CO,
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incubator for 45 minutes. After that the cell solution was
passed through a 20-G needle, and incubate for an additional
45 minutes, in 37°C. After the 1.5 hr total incubation in
collagenase, cell solution was passed through 22-G and 25-G
needles 3 times with each needle [23]. Placental digests were
filtered through a 40um nylon cell-strainer and red blood cells
were removed by centrifuging the placental digests at 4°C for
5 minutes at 2000 rpm using RBC lysis buffer solution. Next
cells were washed, counted and re-suspended in PBS to make
single-cell suspension. Accurate cell count was taken and then
cells were divided into aliquots having 10°cells/100 pl of cell
staining buffer (CSB), containing 3% foetal calf serum (FCS).
Further the cells were incubated with the titrated amount
of anti-rat PE (Phycoerythrin dye)-CD309 (VEGFR2, Flk-1),
FITC (Fluorescein isothiocyanate dye) BMP-7, Alexa Fluor
488 - MMP-2, fluorochrome-conjugated primary antibody in
the dark, and incubated for 1 h [24]. Finally the cells were
washed and the pellets were resuspended in 100ul CSB and
were analyzed using BD FACSVerse flow cytometer and BD
FACSuite ™ Software.

> Immunohistochemistry of placental Bax, Bcl-2 and
caspase-3

For immunohistochemistry (IHC) Uteri and placenta
of different groups were fixed in 10% neutral buffered
formalin. Tissues were then dehydrated in graded (50-
100%) ethanol followed by clearing in xylene. Paraffin
(56°C-58°C) embedding was done at 58+1°C for 4 h, followed
by paraffin block preparation. 4pm thick paraffin embedded
section was cut with a rotary microtome (Weswox model
MT-1090, India). Tissue sections were mounted on poly-
L-Lysine coated slides. Sections were deparaffinised,
dehydrated through graded alcohols, antigen retrival was
done by 10mM sodium citrate and endogenous peroxidase
was quenched by 3% hydrogen peroxide (H202). After
blocking with 1% foetal calf serum (FCS) in tris buffer saline
(TBS), the sections were incubated in a humid chamber
overnight at 4°C with primary antibodies like anti-rat Bax,
Bcl2, caspase-3 (Santa Cruz Biotechnology, United States).
After washing in wash buffer (1% Tween 20 in TBS or 1X
TBST), sections were incubated in biotin-conjugated anti-
rat secondary antibodies diluted in Tris-buffered saline
(TBS) for 2 hours at room temperature. After washing in 1X
TBST sections were incubated in Avidin-Biotin Conjugate
(ABC) for 30 minutes. Immunoreactivity was detected using
a DAB system. Sections were then counterstained briefly in
hematoxylin, dehydrated through graded alcohols, cleared
in xylene, and cover-slipped with DPX [25,26]. Images
were captured and changes were observed with bright field
microscope (ZEISS, Germany) and photographs were taken
by using ZEISS AxioCam ICcl and Zen software (Zen2 lite)
at 100X magnification. Quantification of Bax, Bcl2, caspase 3
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positive cells was calculated by Image] software. Percentage
of placental cells positive for Bax, Bcl-2 and caspase 3 was
calculated separately by Image]. An average of 20 fields was
observed for three different groups. The ratios of the Bax :
Bcl-2 was calculated.

Bone and Cartilage Double Staining of Pups

Day 0 pups of three different groups were collected
etherized and were put into 4% NaCl solution for overnight
at 4°C. On next day fetuses were skinned and eviscerated, the
cervical and dorsal muscles gently removed. The specimens
were immediately placed in the acid staining solution (pH
2.8) for at least 24 hr at room temperature. It was then
dehydrated in ethanol 96% for at least 6 hr. Maceration of
soft tissues was performed by placing specimens in the
basic staining solution for 30 hr at room temperature,
while renewing the solution at least three times. Clearing
and hardening was performed by placing specimens in the
cleaning solution for at least 8 hr. Conservation of double-
stained fetuses was performed in a 1:1 ethanol 70% and
glycerin mixture [27].

The acid staining solution (pH 2.8) made up of 5 parts
0.14% Alcian blue (dissolved in 70% ethano], filtered),1 part
of 0.12% Alizarin red S (dissolved in 96% ethano], filtered),
8 parts glacial acetic acid and 50 parts 70% ethanol. On the
other hand the basic staining solution consisted of 250 parts
0.7% KOH (dissolved in distilled water) and 1part 0.5%
Alizarin red S (dissolved in distilled water, filtered). The
clearing solution consisted of 2 parts 70% ethanol, 2 parts
glycerin and 1 part benzyl alcohol.

Estimation of Bone Mineral Density of Pups

Left femur was collected from day 20 foetus and day 21
pups of three different groups. Bone marrow was cleaned
out from the bones. Bone (left femur) ash was prepared in a
mulffle furnace (700°Cx6 h) [28] and dissolved in 5% HNO.,.
Bone minerals (Ca%, P, Mg?* and Zn*') were measured by
using Inductively Coupled Plasma - Mass Spectroscopy (ICP-
MS) (ThermoFisher-Scientific X-series 2, Massachusetts,
USA). The samples were ran with respect to previously
known concentrations of the elements to determine their
respective values. Measurement of samples were carried
using standard curves having regression values greater than
0.99.
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Histology of Femur of Pups

Femurs were dissected out from day 21 pups of three
different groups; bone marrow was washed out by flushing
double distilled water through femur. Then the bones were
suspended in osteomoll for decalcification [29]. After the
tissue became soft the tissues were fixed in 10% neutral
buffered formalin for 24 h. Tissues were then dehydrated in
graded (50-100%) ethanol followed by clearing in xylene.
Paraffin (56°C-58°C) embedding was done at 58+1 °C for 4
h, followed by paraffin block preparation. 4pm thick paraffin
embedded section was cut with a rotary microtome (Weswox
model MT-1090, India). Xylene was used to deparaffinise
the paraffin sections, and then counter stained with
haematoxyiln-eosin and was mounted in DPX with a cover
slip. Images were captured and changes were observed with
bright field microscope (ZEISS, Germany) and photographs
were taken by using ZEISS AxioCam ICc1 and Zen software
(Zen2 lite) at 100X magnification.

Statistical Analysis

The data generated on various parameters were
subjected to statistical analysis were expressed as means
and standard deviation (mean * SD) or mean * SEM with
significance between the controls and the treated. Collected
data were subjected to one-way analysis of variance (ANOVA)
considering p-values of <0.05 were considered as significant.
SPSS 17.0 software (IBM Corporation, United States) was
used for statistical analysis.

Results

Expression of BMP7+VEGFR2+ and
MMP2+VEGFR2+ Double Positive Cell
Population

FACS analysis showed no significantly (p<0.05) changes
were found in BMP7+VEGFR2+ cell population of three
different experimental groups (Figure 1A,B). Interestingly,
the percentage of BMP7+ cells is significantly (p<0.05)
decreased in group 3 as compared to control group (Figure
1A,C). On the other hand, BTE (100 mg /kg body weight/day,
p.o.) significantly (p<0.05) decreased MMP2+VEGFR2+ cell
population compared to control group (Figure 2 A,B) whereas
administration of BTE (100 mg /kg body weight/day, p.o.)
significantly (p<0.05) increased MMP2+ cells percentage in
group 3 compared to control group (Figure 2 A,C).
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Figure 1: Expression pattern of BMP7+VEGFR2+ double positive cell population. (A) Contour plots of BMP7-VEGFR2 were
obtained from the single cell suspension prepared from placenta. (B) Bar diagram representing percentage of BMP7+VEGFR2+
double positive cells. (C) Bar diagram representing percentage of BMP7+ positive cells. Data represent the mean+SD (n=6).
*p< 0.05 when compared to animals of group 1. Gr. 1: control group, Gr. 2: pregnant female rats treated with BTE (50 mg BTE/
kg body weight/day, p.o.), Gr.3: pregnant female rats treated with BTE (100 mg BTE /kg body weight/day, p.o.).

(A)
Group 1 Group 2 Group 3

uL UR
uL UR
L UR 160.09 16.20
60.14 B3 0002 10.80

VEGFR2
a.

i 5 S/l 51 i
R oLl = i3 o mﬁfw >/ IR
6.3+ 123 7.3 WA R has 76.20
e 3

(B) (S]

G

8

Group 1 Group 2 Group 3 Group1 Group 2 Group 3

Figure 2: Expression pattern of MMP2+VEGFR2+ double positive cell population. (A) Contour plots of MMP2-VEGFR2 were
obtained from the single cell suspension prepared from placenta. (B) Bar diagram representing percentage of MMP2+VEGFR2+
double positive cells. (C) Bar diagram representing percentage of MMP2+ positive cells. Data represent the mean+SD (n=6).
*p< 0.05 when compared to animals of group 1. Gr. 1: control group, Gr. 2: pregnant female rats treated with BTE (50 mg BTE/
kg body weight/day, p.o.), Gr.3: pregnant female rats treated with BTE (100 mg BTE/kg body weight/day, p.o.).
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Expression of Bax, Bcl-2 and Caspase-3 caspase-3 in placenta and uteri compared to control group.
Orange coloured dots indicate the antibody binding region.

BTE (50 mg /kg body weight/day, p.o.) showed no significant
changes in placenta and uteri (Figures 3 & 4).

Immunohistochemistry showed BTE (100 mg /kg body
weight/day, p.o.) increased the expression of Bax, Bcl-2 and
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Figure 3: Localization of Bax, Bcl-2 and caspase-3 positive Figure 4: Localization of Bax, Bcl-2 and caspase-3 positive
cells in placenta examined by immunohistochemistry cells in uteri examined by immunohistochemistry (100X
(100X magnification). Gr. 1: control group, Gr. 2: pregnant magnification). Gr. 1: control group, Gr. 2: pregnant female
female rats treated with BTE (50 mg /kg body weight/ rats treated with BTE (50 mg /kg body weight/day, p.o.),
day, p.0.), Gr.3: pregnant female rats treated with BTE (100 Gr.3: pregnant female rats treated with BTE (100 mg /
mg /kg body weight/day, p.o.). Black arrow indicating the kg body weight/day, p.o.). Black arrow indicating the
expression of respective antibodies in placenta of three expression of respective antibodies in uteri of three
different groups of mothers on day 20. different groups of mothers on day 20.
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Figure 5: Quantitative expression of Bax, Bcl-2 and caspase-3 positive cells in placenta. (A) Histogram showing the percentage
of Bax+ placental cell population, (B) Percentage of Bcl-2+ placental cell population, (C) Percentage of caspase-3+ placental
cell population, (D) Bax/Bcl-2 ratio of placental cell population in three different groups. Data represent the mean+SD (n=6).
*p< 0.05 when compared to animals of group 1. Gr. 1: control group, Gr. 2: pregnant female rats treated with BTE (50 mg /kg
body weight/day, p.o.), Gr.3: pregnant female rats treated with BTE (100 mg /kg body weight/day, p.o.).
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Quantitative analysis by Image] software showed Effect of BTE on Bone and Cartilage

percentage of Bax+ and caspase-3+ placental cell population

were significantly (p<0.05) increased in Group 3 mother Bone and cartilage double staining of day 0 pups showed
compared to Group 1 (Figure 5 A,C). There was no rate of ossification of carpus, metacurpus, phalanges of
significant alteration in Bcl-2+ placental cell population in fore limbs and tarsus, metatarsus, phalanges of hind limbs
all experimental groups (Figure 5B). The Bax/Bcl-2 ratio was lesser in Gr.2 and Gr.3 pups compared to Gr.1 pups. An
was also significantly (p<0.05) increased in Group 3 placenta unstained gap was found between parietal bones of skull in
compared to Group 1 (Figure 5 D). pups of Gr.2 and Gr.3 mothers. Parietal bones were complete

and no gap was found in Gr.1 pups (Figure 6).

Gr.1 Gr.2 Gr.3

Forelimb

Hindlimb

Figure 6: Bone and cartilage double staining of day 0 pups (Alcian blue- Alizarin red counterstaining). Blue colour indicates
cartilaginous part and red colour indicates ossified part. Gr. 1: pups of control group, Gr. 2: pups of pregnant female rats
treated with BTE (50 mg /kg body weight/day, p.o.), Gr.3: pups of pregnant female rats treated with BTE (100 mg /kg body
weight/day, p.o.). Blue arrows are indicating the changes in rate of ossification in different regions of skeleton of pups of three
experimental groups.

Effect of BTE in Bone Mineral Density of Pups decreased (p<0.05) in day 20 fetus and day 21 pups of Group

_ 2 (50 mg BTE /kg body weight/day, p.o.) and Group 3 (100

Inductively Coupled Plasma-Mass Spectroscopy data mg BTE/kg body weight/day, p.0.) mothers compared to
showed Ca?, P, Mg# and Zn* levels were significantly Group 1 (Table 1).
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Group of
animals

Bone minerals of day 20 fetus (ng/g) (Prenatal
Period)

Bone minerals of day 21 pup (ng/g) (Postnatal Period)

Ca+2

P

Mg+2

Zn+2

Ca+2

P

Mg+2

Zn+2

Group 1

2.862+0.077

13.234+0.276

2.297+0.121

0.328+0.05

59.475£2.173

222.241+5.938

3.395£0.237

3.269+0.218

Group 2

1.661+0.036*

9.443+0.12*

1.409+0.008*

0.298+0.005

40.475+0.812%

150.45+2.148*

2.471+0.046*

2.705+0.124*

Group 3

1.225+0.01*

6.8625+0.067*

1.151+0.025*

0.186+0.009*

36.665+0.93*

134.7+3.153*

2.055£0.09*

1.934+0.058*

Table 1: Effect of BTE on bone minerals in fetus and pups different groups of female albino rats.
Values shown are Mean+SEM (n = 8), *p < 0.05, Gr. 1: control group, Gr. 2: pregnant rats treated with BTE (50 mg BTE /kg body
weight/day, p.o.), Gr.3: pregnant rats treated with BTE (100 mg BTE/kg body weight/day, p.o.).

Histological changes in femur

BTE (100 mg BTE/kg body weight/day, p.o.) remarkably
altered the zone of proliferation (zp) region and zone of

hypertrophy (zh) with reduced epiphyseal growth plate
(egp) in the femur of group 3 pups compared to group 1 pups
on day 21 of lactation. No significant changes were found in
the group 2 pups (Figure 7).

-

Gri Gr.?

/kg body weight/day, p.o.).

Figure 7: Histology of femur of pups on day 21 of lactation period (H-E counterstaining, 40X magnification). Zp= zone of
proliferation, zh=zone of hypertrophy, egp= epiphyseal growth plate. Gr. 1: pups of control group, Gr. 2: pups of pregnant
female rats treated with BTE (50 mg /kg body weight/day, p.o.), Gr.3: pups of pregnant female rats treated with BTE (100 mg

Gr.3

Discussion

Preeclampsia is linked to alterations of placental
function leading to stress and apoptotic signalling which
can lead to defects in the offspring. Apoptotic and stress
signalling are augmented in preeclampsia placenta and cord
tissue that alter the intrauterine environment and activates
the detrimental signaling that is transported to fetus [30].
In the present study, IHC of placenta and uteri showed
BTE (100 mg BTE/kg body weight/day, p.o.) increased the
expression of Bax and caspase-3 which may be an indication
of preeclampsia. BTE (100 mg BTE/kg body weight/day,
p.o.) also increased the Bax/Bcl-2 ratio compared to control
group.

Matrix metalloproteinase is a family of proteolytic
enzymes, able to degrade extracellular matrix & basement
membrane components. Activity and localization of MMP2
and 9 in vitro systems (tissue culture and amniotic fluid)
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were examined in several studies. Omran, et al. (2011) found
strong MMP-2 protein expression in the majority of the
preeclamptic placentas. MMP-2 also restricted intrauterine
growth which may lead to remarkable low mean birth
weight in patients with preeclampsia [31]. It was found that
before the appearance of clinical symptoms, the plasma
concentrations of MMP-2 was elevated in preeclamptic
women. MMP-2 may play a role in causing hypertension
during pregnancy through multiple complex pathways [32].
On the other hand, Bone Morphogenetic Protein 7 (BMP-7) is
the member of the transforming growth factor 8 superfamily.
In an experiment, BMP-7 was found to be a potent apoptotic
signals for the undifferentiated limb mesoderm which was a
potent inhibitory factor for joint formation exhibit an intense
expression in the perichondrium of the developing cartilages
[33]. BMP7 is an important factor during the process
of implantation that contributes to healthy embryonic
development [34]. The primary receptor for vascular
endothelial growth factor (VEGF) is vascular endothelial
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growth factor receptor 2 (VEGFR-2), a crucial receptor
involved in normal endothelial function. Significantly
decrease in VEGFR-2 transcript and protein levels were found
in preeclamptic placentae. Nevo, et al. (2013) showed a novel
hypoxia-induced and preeclampsia-related down-regulation
of VEGFR-2 in the human placenta. In hypoxic conditions and
preeclampsia, sFlt-1 (Soluble fms-like tyrosine kinase-1) was
found to be increased by which the VEGFR-2 expression and
signaling get attenuated. A direct interaction between sFlt-1
and VEGFR-2 was involved in VEGFR-2 regulation, inhibition
of VEGFR-2-mediated processes during placentation and
also a novel platform to examine the onset of preeclampsia
[35]. In the present study we found, BTE (100 mg /kg body
weight/day, p.o.) significantly (p<0.05) increased MMP2+
placental cells but MMP2+VEGFR2+ and BMP7+ cell
populations were decreased compared to control group. So
it was clear that BTE (100 mg /kg body weight/day, p.o.)
induced higher expression of MMP-2 and decreased level of
BMP-7 causing preeclampsia and restriction in intrauterine
growth. There was a further trigger of the apoptotic signal
which might be responsible for increased the expression of
Bax and caspase-3 and also increased the Bax/Bcl-2 ratio
in BTE (100 mg /kg body weight/day, p.o.) treated rats
compared to control group.

It was established the principal caffeine metabolism
enzyme, cytochrome CYP1A2, is absent in the placenta and
fetus [36]. Caffeine which is also a constituent of tea can
freely passes through the placental barrier from the mother
to the fetus and hence, maternal caffeine intake during
pregnancy directly influences fetal caffeine exposure levels
[37,38]. Fetal exposure to caffeine increases circulating
catecholamine concentrations, which might subsequently
lead to fetoplacental vasoconstriction and hypoxia [19] and
eventually affect fetal growth and development [40-42]. In
a study, pu-erh black tea a highly fermented version of black
tea is associated with development of fetal toxicity at a high
concentration [19]. Though in another study there was no
heat-sterilized green tea catechins (GTC-H) related fetal
malformations or developmental variations [42].

Dey, et al. biomorphometric parameters like cranial
length, cranial diameter, neck width, craniosacral length
and tail length showed BTE retards the growth of pups but
no significant changes were found in terms of time taken to
open eyes, eruption of incisors and appearance of fur [22].
In present study, it was found that BTE decreased the bone
mineral density of fetus and pups. It was clearly evident that
BTE significantly decreased the concentration of Ca?*, P, Mg?
and Zn?" in bone in dose dependent manner and decreased
the rate of ossification. BTE (100 mg BTE/kg body weight/
day, p.o.) remarkably altered the normal growth of bone as
the zone of proliferation (zp) region and zone of hypertrophy
(zh) with reduced epiphyseal growth plate (egp) in the
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femur of pups were noticed. These findings also supported
the proposed findings. The animal results are also applicable
to human. This study is the first time effort to establish the
effect of Black tea extract at high dose on mother and pups
during pregnancy and lactation period. Till now it is not clear
which active component(s) of black tea is/are responsible for
this negative action. On the other hand black tea constituents
vary with internal and external factors. So different black tea
varieties may affect prenatal and postnatal health in different
level. The usage of different pesticides and herbicides in the
tea gardens should not be ignored which may alter the health
and hygiene of tea consumers. Further studies are warranted
to establish the BTE induced changes at molecular level and
physiological changes during pregnancy and development of
embryos.

Conclusion

In conclusion, BTE increased the level of MMP-2, Bax and
caspase-3 whereas decreased the level of BMP-7 in placenta
which was an indication of preeclampsia. In fetus and pups,
BTE significantly decreased the bone mineral density and the
rate of ossification which were the outcomes of preeclampsia.
This study confirmed BTE induced preeclampsia during
pregnancy retarded the bone growth of fetus and pups in
experimental animal model.
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