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Abstracts

The ultrastructure of Submandibular gland [SMG] following low dose of Biochanin a [BCA] and 17beta
estradiol [E2] application was observed. The pups were allocated randomly into control, BCA, E2,
Dimethyl sulphoxide [DMSO] and euthanized at the 6™, 14™, 30™, 60™ postnatal days [PND]. The SMG
acinar and ductal structure, in addition to telocytes, were altered with the compounds of concern.

Keywords: Biochanin A; 17beta estradiol; Endocrinal disruptor

Abbreviations: BCA: Biochanin A; E2: 17beta estradiol; DMSO: Dimethylsulphoxide; SMG: Submandibular
Salivary Gland; ED: Endocrinal Disruptor; TE: Transmission Electron Microscope; PND: Postnatal Day; gp:
Group; M: Mitochondria; N: Nuclei; L: Lumen; rER: Rough Endoplasmic Reticulum; SG: Secretory Granules

Introduction

Known for various biological activities, biochanin A [BCA] is a plant extract that can
be found in red clover [1]. Biochanin A acts also as anti-proliferative, anti-inflammatory
agent [2,3]and anti-tumorigenic effect through inhibition of several enzymatic activity
and apoptosis induction [3-6]. BCA is known for its estrogenic activity because it can bind
with both alpha (ERa) and beta (ER[) estrogen receptors [7]. The 17 estradiol is the main
sponsor to estrogen-dependent processes in peripheral tissues [8]. Likewise, it is the main
determinant for the proliferation of breast cancer cells in vivo [9,10]. In an attempt to avoid the
risks, the search for alternative therapy is justified [11]. Estrogen receptors [predominantly
ERB] are expressed in submandibular gland more than the other major salivary glands. Thus,
implicating a role of salivary gland in reproductive and peripheral organ development and/
or regeneration [12]. The rodent SMG exhibits extensive development of its parenchymal
elements in postnatal periods [13]. Hereby the prepubertal development of rat SMG following
low dose of Biochanin a [BCA] and 17beta estradiol [E2] exposure was observed. As far as
we know this is the first assessment of BCA on SMG development. Although biochanin A
is thought to be better tolerated, the presented study presented damaging effect that may
exceed that revealed by genistein [14] on submandibular gland.

Material and Methods

All procedures performed in studies involving animals were in accordance with the ethical
standards, and approved by the Ethics Committee of Faculty of Dentistry, Mansoura University,
Egypt Materials Biochanin A [BCA] and 17 estradiol [E2][[E8875] Sigma Aldrich Co. St Louis,
M O, USA], dimethylsulphoxide [DMSO]; [New Test Co. Egypt, Abbiotec, San Diego].

Study Design

Pregnant female pathogen free rats were acclimatized in standardized temperature,
humidity and phytoestrogen-free diet conditions. To avoid xeno-hormone residues, they
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were housed in individual polypropylene cages. After mating
and parturition ninety-six pathogen free female offspring was
randomly allocated into four groups, twenty-four each. Group 1
was the control group. In the experimental groups the offspring
was injected subcutaneously at [PND] 1, 5, 14, 21, 30, targeting
developmental stages, with 500pg/g body weight of BCA, freshly
prepared dissolved in an equal volume of DMSO [1:1] in group 2; 500
ng/g body weight of E2 dissolved in sesame oil in group3; while in
group4 the corresponding volume of the vehicle was injected [11].
Offspring was euthanized on the 6%, 15%, 30" and 60" postnatal
days [PND] [six for each time of euthanization]. The submandibular
salivary gland pair were surgically removed and separated from
sublingual gland, then processed for ultra-structural examination
[15].

Ultrastructural examination [16,17]

The procedures were done in Electron Microscopy Unit,
Agriculture faculty, Mansoura University.

A.  The 1mm blocks were fixed primarily in glutaraldehyde
4% for 2 hours, then in osmic acid solution [1%] as a secondary
fixation for one to two hours, washed in phosphate buffer after
each fixation, dehydrated by series of ethanol alcohol, followed by
100%propylene oxide and then embedded in Epon 812.

B.  Semi thin section [1um] were stained with toluidine blue,
and then examined by light microscope to determine the spot of
choice to be ultra-cut for electron microscope examination.

C. The ultrathin sections [50nm], cut using the ultra-

microtome, were mounted on grids and were double stained
with uranyle acetate and lead citrate, then washed with N-NaoH
and finally with fresh double distilled water and dried before
transmission electron microscope examination.

Results and Discussion

The striated duct of control group showed distinguishing
features of tall columnar cells arranged around the lumen, centrally
located nuclei and characteristic basal folding. The acini revealed
basally located nuclei with well-defined secretory granules that
differed between different age groups. The compounds of concern
showed changes in cell height of ductal component compared to
the control group, wide intercellular spaces mitochondrial lesions,
and dilation of double membrane [rough endoplasmic reticulum]
were also noted especially in the striated ducts. The nuclear
changes were also prominent both in acinar and ductal structures
(Figures 1-4). The acinar basement membrane integrity as well
as connective tissue component like telocytes was also affected
in DMSO group (Figure 5). The striated duct radial pattern of the
mitochondria and the basal infoldings was more evident at 15%
PND. These results were similar to those of TEM observation in
mouse submandibular gland by Picoli et al. [18]. Several groupings
of secretory granules with different diameters and structure that
were noted in proaciniat 6% & 15% PND were in agreement with
Moreira et al. [19] and Watanabe et al. [20]. They observed that
the rat immature acini contain secretory cells of several types at
different stages of differentiation and/or maturation, whereas the
mature acini are composed only of the serous secretory cell.

Figure 1: Electron micrograph of SMG at the 15% PND; A. control; B. BCA, C. E2; D. DMSO group, showing part

of striated duct with

1-Obvious basal infolding [bi] with several mitochondria radially distributed. The cells are attached to each other
by desmosomes [2] control group. The basal infoldings was lost in all other groups.

2-In BCA group abnormal size, shape of nuclei.

3-The cells are widely spaced [*] around the lumen [L]. Distortion of mitochondria was evident.

4-E2 gp nuclei of variable size, surrounding the lumen. In DMSO gp striated duct with largely dilated double

membrane, ruptured mitochondria. [Scale bar—=> 5um].
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Figure 2: Electron micrograph of SMG at the 15% PNDA. control; B. BCA, C. E2; D. DMSO group showing part
of Proacinar cells structure

1-with intact nucleus and electron-lucent and parallel rows of rough Endoplasmic Reticulum in con gp.

2-In BCA cell structure with dissociated and disorganized chromatin in the nucleus, electron lucent secretory
granules showing ill preserved wall resulting in formation of lakes of secretion, dilated rough Endoplasmic
Reticulum.

3-E2 gp showed multiple secretory granules types, short and dilated rER.

4-DMSO showed two types of secretory granules of different sizes and electron densities; electron lucent [sgl]
& dense [sg2]|, and wide intercellular spaces [*]. Note myoepithelial cell with enlarged nucleus [myo]. [Scale
bar—>5um].

Figure 3: Electron micrograph of SMG at the 30™ PND A. control; B. BCA, C. E2; D. DMSO group showing part
of the striated duct

1-With rounded euchromatic nuclei, radially arranged mitochondria, secretory granules poured into the lumen
in cont gp.

2-Heterochromatic dense nuclei, with mitochondrial lesions in BCA gp.
3-The E2 group showed bi-nucleated cell, dilated short rER [2].

4-Different sizes of nuclei and mitochondria in addition to wide intercellular spaces [*] in DMSO. [Scale bar=> 5pm)].
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Figure 4: Electron micrograph of SMG at the 30" PND A. control; B. BCA, C. E2; D. DMSO group showing part

of the acini with

1-Euchromatic nuclei, 2 type of secretory granules in cells; cont. B-Part of acini with heterochromatic dense
nucleus and ruptured nuclear membrane [], multiple sizes and shapes of secretory granules.

2-BCA gp The E2 group showed Part of acinar structure with heterochromatic dense nuclei, dilated rER.

3-Rupture of basal lamina [*] with leakage of fused secretory granules in the DMSO gp. [Scale bar=> 5pm].

Figure 5: A& B photomicrograph of SMG of control group showing positive immune histo chemical reaction for
both CD 34, vemintin respectively confirming the presence of telocytes around the blood vessels and duct system.
[magnification x 400]. C-Electron micrograph of telocyte [arrow] showing long thin process and podosome in
between the blood vessel wall and acinar cell. D. Affected telocyte in DMSO group [arrow]| [scale bar Spm].

In agreement with Przybyto [21] the histo-differentiation
presenting more organized intracellular components in the acinar
and ductal cells is clearly demonstrated in the TEM images of the
30" & 60" PND. Additionally, telocyte cell was observed in ultrathin
sections, further confirmed by positive reaction of both vimentin
and CD34 staining. Telocyte the recently identified stromal cells
consist of small cell body and long processes [telos, i.e. provided

with long-distance cell projections]; the thin fibrillar segments are
called podomers and the dilated, cistern-like regions are called
podoms. Usually found in close contact of blood vessels and nerves,
acini and ducts. Telocyte was also affected by DMSO application [22-
24]. As far as we know this is the first documentation of presence
of telocytes in submandibular gland. The presence of telocyte
was also observed by Nicolescu et al. [25] in the interlaminar
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and the sub ductal stroma of parotid gland, and in minor salivary
glands of primary Sjogren’s syndrome by Alunno et al. [26]. The
ultrastructure unexpectedly revealed another aspect of BCA and
E2 properties reflected on the increased height of the striated
duct cells, wide intercellular spaces and bizarre shaped nuclei, not
consistent with the normal developmental apoptosis or autophagy.
This might be due to the effect of BCA & E2 on the DNA.

Concomitantly Jefferson etal. [27] revealed that biochanin A and
daidzein [isoflavone] affect hormonal endpoints such as increasing
uterine gland number and cell height but without increasing uterine
weight. In the present study, the secretory granules were of different
size and shape and rough endoplasmic reticulum was dilated
suggesting that BCA might have modulated the secretory function
of the gland. The precise mechanism is not known. Both acinar and
ductal component showed changes in nuclei and dilation of rER. In
the 30" & 60" PND, the BCA, E2 and DMSO groups, showed altered
nuclei and cell organelles in electron microscopy results. These
results similar to that of De Rijk et al. [28]. who revealed absence
of rows of mitochondria and [pseudo]luminal structures formed by
variably sized cell, as result of steroid application for long period.
Although dilated rough endoplasmic reticulum is associated with
reversible cell injury [29], the observed dilatation of RER cisternae
in the experimental groups of the current study was a sign of cell
injury rather than a sign of increased secretory activity. Vacuolation
may be explained as dilated RER cisternae or swollen mitochondria
with destructed cristae. Vacuolation may be due to functional loss
and disturbed structural integrity of their membranes in the absence
of nuclear fragmentation [30] or represents DNA changes in the cell
[31] The electron examination revealed alteration of the chromatin
condensation either by loss in the peripheral arrangement in
some areas or coarse, asymmetric aggregation of densely packed
heterochromatin seen in BCA, [sometimes with rupture of nuclear
membrane] and E2 groups. The alteration of chromatin spatial
arrangement is proposed to alter the macromolecules diffusion
inside the nucleoplasm and therefore alters the chromatin’s
accessibility to transcription factors. Unfortunately, such structural
chromatin alterations represent the microscopic characters of
pre-neoplastic cell nuclei that probably drive the changes in gene
expression during neoplastic transformation [32,33]. The distortion
observed in DMSO group agrees with Yuan et al. [34] observations.
They revealed caspase-3 activation, decreased cell viability,
mitochondrial distortion and membrane potential impairment in
astrocyte cell culture after exposure to DMSO. The ability of DMSO
to cause membrane loosening, pore formation and bilayer collapse
may be responsible for the structure distortion [35].

Conclusion and Remarks

Submandibular gland is targeted by endocrinal disruptor. The
degree of damage might be dependent on the window of sensitivity
and time of exposure. The use of low dose of Biochanin A should
be avoided during early stages of development and growth; further
investigation is needed for BCA usage with solvent other than DMSO
to avoid the toxicity. Biochanin A affected the gland component not
only on the morphological structure.
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