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Figure 3. Electromicrographs of the AFB1 group showing (A) serous acinus with different sized intracytoplasmic vacuolations (V) and shrunk
nuclei (N) (uranyl acetate and lead x 5000). (B) Open face nucleus of serous acinar cell (N) with irregular nuclear membrane (white arrows).
Radially arranged mitochondria (M) with dilated cristae and vacuoles. Degenerated cytoplasm (black arrows) can be noticed (uranyl acetate
and lead x 12000). (C) Serous cell with irregular nuclear membrane (N) & dilated rough endoplasmic reticulum (rER) (uranyl acetate and lead
x 5000). (D) Granular convoluted tubule cells with intracytoplasmic vacuolations (arrows) and dilated rER (uranyl acetate and lead x 4000) (E)
Striated duct with indistinct cell outline and numerous large intracytoplasmic vacuolations (V) pressing on the cell nucleus and loss of basal
striations in some cells (uranyl acetate and lead x 5000). (F) Excretory duct cells showing cytoplasmic vacuolations (V) and nuclei (N) with

irregular outline (uranyl acetate and lead x 2500).

material and exhibited differences in their shape and size, with
variable degrees of shrinkage and pyknosis (Figure 3A,
Figure 3B and Figure 3C). rER presented luminal dilatation,
discontinuity and fragmentation (Figure 3C). Some acinar cells
showed mitochondria with loss of cristae and the presence of
vacuoles (Figure 3B). The GCTs showed areas of degenera-
tion in the form of a decrease in the number of electron-dense
granules, intracytoplasmic vacuolations and dilatation in the
rER (Figure 3D). The irregular shaped cells of the striated duct
revealed signs of degeneration displayed as shrunken nuclei and
irregular nuclear outline. Degenerated organelles (especially
dilated rER) and intra-cytoplasmic vacuolations were frequently
encountered in the duct cells. Loss of basal infoldings on the
striated ducts was also noticed (Figure 3E). The excretory duct
cells showed cytoplasmic vacuolations and nuclei with an
irregular outline (Figure 3F).

Rosemary treated group. Electron microscopic examination
of SMSG of rats after treatment with rosemary revealed that the
majority of acinar cells almost regained their normal architec-
ture (Figure 4A). Slightly dilated rER and very few cytoplasmic

vacuolations were observed (Figure 4B). GCTs were lined
by long columnar cells with basally situated nuclei and many
electron-dense secretory granules (Figure 4C). Striated ducts

regained their normal histological appearance, with the
columnar cells having numerous basally located radially
arranged rod-shaped mitochondria with minimal changes.

Desmosomal junctions appeared in a normal pattern in between
cells (Figure 4D and Figure 4E). The excretory duct was lined
by pseudostratified epithelium containing open face nuclei
(Figure 4F).

Original microscopy light and electron microscopy images
for all groups are provided as Underlying data"*.

Discussion

In poor developing countries, chronic intake of foods contami-
nated with aflatoxins is a prevailing problem in both humans and
animals worldwide. Aflatoxins are considered of great global
concern due to their carcinogenic and toxic effects on human and
animal health’. In the present study, AFB1 was administrated to
the experimental rats for four weeks to simulate enough chronic
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Figure 4. Electromicrographs of the rosemary treated group showing (A) serous acinus containing nucleus (N), numerous secretory granules
and few cytoplasmic vacuoles (uranyl acetate and lead x 5000). (B) Open face nucleus (N) of an acinar cell and parallel arrays of rough
endoplasmic reticulum (rER) with slight dilatations in some areas. Slight perinuclear space can be noticed (arrow) (uranyl acetate and lead x
12000). (C) Granular convoluted tubule (GCT) containing basally situated nuclei (N) and numerous electron dense secretory granules (SG)
(uranyl acetate and lead x 2500). (D) Striated duct cell with open face nucleus (N) and tubular shaped mitochondria (M). Minimal cytoplasmic
degeneration and some loss of basal infoldings can be observed (black arrows) (uranyl acetate and lead x 12000) (E) Striated duct
columnar cells with basal infoldings (black arrows) and numerous rod shaped mitochondria (white arrows) (uranyl acetate and lead x 5000).
(F) Excretory duct with pseudostratified epithelium lining cells presenting open face nucleus (N) (uranyl acetate and lead x 2500).

exposure to cause oxidative stress in vital organs'’. The rats were
administered the toxin intraperitoneally to ensure the delivery
of the full dose to each animal.

Based on its popular use as an antioxidant in several studies
on various tissues'*”, rosemary was chosen in this study to
evaluate its potential for alleviating the histological and ultrastruc-
tural changes in the SMSG of aflatoxicated rats. Moreover,
rosemary extracts have been found to have a positive effect on
the natural antioxidants produced in the body. According to
De Oliveira et al.'', rosemary improves the production of endog-
enous antioxidants, leading to enhancement of the body’s anti-
oxidant capacity, reduction in the levels of lipid peroxidation,
and maintenance of cell membrane permeability. Furthermore,
rosemary was chosen in the current study rather than syn-
thetic antioxidants based on the study by Mira-Sdnchez er al.”’,
who found that the effect of rosemary compounds as an antioxidant
was greater than the effect reported by artificial antioxidants.

In the present study, rosemary extract was administered
at 400 mg/kg once daily for 14 days as Rahbardar et al.'®

documented that treatment of albino rats with rosemary extract
with this dose and duration was enough to elicit its therapeutic
potential.

The present results showed that AFB1 administration caused
degenerative histopathological alterations in the SMSG of albino
rats in the form of shrunken acini and numerous cytoplasmic
vacuolations in acini, GCTs and excretory ducts. These results were
in agreement with the study of Abou-Zeid et al.”’, who reported
that SMSGs of rats exposed to AFB1 showed severe vacuolar
degeneration in acinar cells and the epithelial cells of convo-
luted ducts. Moreover, the damaging effects of AFB1 detected
in this study were also in parallel with other histopathological
studies in which aflatoxins caused degeneration and numerous
cytoplasmic vacuolations in hepatocytes of the liver and Langerhans
cells of the pancreas of rats. The investigators attributed this to ROS
production from the ingested aflatoxins™**".

Coppes et al” attributed the presence of acinar intracyto-
plasmic vacuoles to intra-cytoplasmic degenerative changes
caused by the presence of proteolytic enzymes in their secretory
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granules which might infiltrate and cause damage to the
cytoplasm, leading to autolysis and cellular death. However,
Samah et al.”® suggested that cytoplasmic vacuolations seen in
acinar, GCT and excretory duct cells might be due to the
ROS formation, resulting in lipid peroxidation and damage of
cell membranes as well as membranes of the cell organelles,
ending in impairment of the energy-dependent Na+ K+
ion pumps in the cell. These changes lead to accumulation
of Na+ inside the cells with entry of water resulting
in cellular swelling and vacuolations. In the present study,
histological ~examination of the striated and excretory
ducts showed dilatation of their lumens with retained secretion
following AFB1 administration. Mahmoud er al”’ attributed
this finding to the accumulation of the salivary secretion and
disturbance of exocytosis caused by glandular dysfunction.
The changes in the connective septa reported in this study were
inconsistent with several studies reporting that exposure to
excessive amounts of toxins caused fibrosis and subsequently,

2.8

overproduction of mature collagen fibrils”*
In this study AFB1 induced many alterations in SMSG tissue
when observed under the electron microscope. AFB1 caused
many signs of degeneration in the nuclei of the acinar cells
manifested as an irregular outline and clumping of chroma-
tin material in addition to changes in shape and size. In a study
conducted to explore the apoptotic mechanism of AFBI,
Mughal et al.” attributed shrunken nuclei and dense chroma-
tin to increased expression of many proapoptotic proteins.

Subsequently, DNA fragmentation and chromatin condensation
results.

Yasuno et al.” suggested that the presented luminal dilatation
of rER following AFB1 administration could be attributed
to impaired secretory mechanisms and subsequently, the
proteinaceous secretory material becomes concentrated within
the arrays of the rER, which leads to their dilatation. Moreo-
ver, the degenerated mitochondria in the cells of the acini and
ducts in the aflatoxin-administered group in this study might
be due to ROS production and/or to the preferential binding
of aflatoxins to mitochondrial DNA, which hinders ATP
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production, causing disruption of mitochondrial functions

and mitochondrial membranes®’.

This research revealed that rosemary extract ameliorated the
damaging effects of AFB1 on SMSG, which was observed
histologically and ultrastructurally, where most alterations caused
by AFB1 administration were greatly reduced. The present results
might be explained by Ghoneim & Arafat” who reported that
treatment with rosemary extract prevented oxidative stress caused
by ROS on rat parotid salivary glands. They attributed this
improvement to the antioxidative properties of rosemary, which
resulted in the subsidence of oxidative stress. Moreover, De
Oliveira et al.** attributed the improvement in the mitochondrial
structure observed upon treatment with rosemary to the effect of
carnosic acid, which avoided mitochondrial membrane potential
disturbance and reduced the levels of oxidative stress markers in
mitochondrial membranes.

From the present study, it could be concluded that chronic intake
of AFB1 gave rise to deleterious histological and ultrastructural
changes in the SMSGs of albino rats and that treatment with
rosemary extract was able to ameliorate this effect.

Data availability

Underlying data

Figshare: Effects of aflatoxin Bl on the submandibular
salivary gland of albino rats and possible therapeutic potential
of Rosmarinus officinalis: a light and electron microscopic
study. https://doi.org/10.6084/m9.figshare.12644855.v2'

This project contains the following underlying data:
- Original, unedited electron microscopy images in JPG
format (eml.jpg - em18.jpg)

- Original, unedited light microscopy in TIF

format (Im1.tif - Im6.tif)

images

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).
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