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ABSTRACT
Thymol monotrpenoid compound is naturally found in many plants. It
exhibites molluscicial activity against the land snails and slugs. The
present study aims to describe histological, histochemical and
ultrastructural investigations to display and clarify any deleterious effects
probably evoked post- thymol application in the salivary gland of Limax
maximus. To achieve the intended goal in this respect, the slugs were
divided into three groups; the first group served as control, the second and
the third groups received LC50 & LC90 of thymol for 48 hours in food. The
histological results revealed that thymol had adverse effects on type’s cells
of salivary gland including vacuolated cytoplasm and deformed nuclei in
different cells. The histochemical results indicated the presence of neutral
mucopolysaccharides in the cells of salivary gland. The ultrastructural
results revealed rough endoplasmic reticulum had been fragmented into
small stacks and patches heterochromatin also appeared. Therefore, the
treated slugs with LC90 of thymol can be recommended for controlling the
target slugs and further studies are needed to evaluate their efficacy as safe
economic molluscicides in the field, instead of using chemical pesticides
that could pollute the environment.

INTRODUCTION
Since few years, certain terrestrial slugs became serious garden pests in Egypt
infesting numerous agronomic, horticultural and ornamental plants. On the other
hand, several wild plants have been screened for their molluscicidal activity against
them. The plant molluscicides must have a high potency to slugs and low toxicity to
non –tested living organisms. These plants must further be the source of cheap,
effective and environmentally acceptable products, Fonghua et al. (2000). The use of
plants with molluscicidal properties appears to be a simple, inexpensive and safe
alternative. In Egypt, several local plant species screened and proved to have
molluscicidal properties against different snail and slug species, Bakry (2009); Singh
and Singh (2010); Al Daihan in the same year; Yousef et al. (2013) and AbdelHaleem (2014). Although, some molluscs have been involved in the everyday life for
humans in many cultures throughout, providing a source of shells, food, dyes and
medicine Ahmed et al. (2018).
Thymol was tested as a molluscicide against snails such as Bulinus truncates by
Lahlou and Barrada (2001); Helix aspersa by El-Zemity et al. (2001); Biomphalaria
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alexandrina, Bulinus truncates and Lymnneae natalensis by Sharaf (2006). In
addition, Radwan et al. (2008) proved that thymol exhibited high molluscicidal
activity against B. alexandrina. Bakry (2009) examined the effect of exposure of B.
alexandrina snails to LC25 methanol extract from the plants Guayacum officinalis,
Atriplex stylosa and Euphorbia splendens for two weeks. Abnormalities appeared in
the digestive gland were great damage of the epithelial tissues and revealed several
cytoplasmic vacuolization. Singh and Singh (2010) established that in many plants;
Euphorbia splendens, Ambrosia maritime and Ziziphus spina-christi the
molluscicidal activity was due to the presence of saponins and alkaloid components.
Also, thymol is a monoterpenoid obtained from the essential oil of laminacea species,
such as Monarda punctate (mint), Thymus vulgaris (thyme) and Thymus persicus by
Ferreira et al. (2011).
Yousef (2011) studied the effected of thymol and nicotine against Eobania
vermiculata on the histology of digestive gland. The author showed vacuolated
cytoplasm and different degrees of degeneration of their nuclei. Also, Yousef et al.
(2013) studied the histopathological and ultrastructural effects of three Egyptian wild
plants-extracts, as botanic toxic agents; namely Euphorbia splendens, Ziziphus spina
and Ambrosia maritime on the digestive gland of freshwater snails; Biomphalaria
alexandrina and Bulinus truncates. The author found also that the pathological
damage reached its highest level after LC90 treatment for 48 hours that caused
accumulation of the toxic agents of the plant inside digestive cells and numerous
vacuoles in the digestive and excretory cells. The histological structure and
ultrastructure of the salivary gland of the gastropods have been studied in pulmonates
by Wagele et al. (2014). Lobo et al. (2016) studied the comparative of salivary glands
in carnivorous and herbivorous cephalaspideans with histology, histochemistry and
ultrastructure.
The present work was aimed to examine the adverse effects of thymol on the
slug manifested by the histological, histochemical and ultrastructural changes in the
cells of the salivary gland of this slug.
MATERIALS AND METHODS
Experimental animals
The healthy terrestrial slugs Limax maximus were collected from gardens near
Nasr City, East Cairo in Egypt. Animals were then transferred to the laboratory and
kept in plastic box covered with grating. The box was daily cleaned and provided
with lettuce leaves, as a main source of food.
 Thymol monotrpenoid compound
Form: Yellowish crystals.
Molecular formula: 2- {(CH3)2CH} C6H3 5-(CH3) OH
Molecular weight: 150.22
 Determination of LC50 and LC90 of thymol
The LC50 and LC90 of thymol were estimated according to Abbott (1925).
Six concentrations of thymol for 30 slugs/ concentration (Mustafa 2018) were
prepared and applied against the slugs for 48 hours, Regressing mortality lines and
corresponding mortalities were established on log dose –mortality sheet. LC50 and
LC90 values calculated according to the method of Finney (1971).
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Experimental design
Healthy slugs were divided into three groups; the first untreated (control) group,
the second LC50 group and the third LC90 group orally received thymol for 48 hours.
Histological preparations
Healthy normal slugs were rapidly dissected. Tissue samples of salivary gland
were immediately dissected out and cut into small pieces. The tissues were fixed
rapidly in aqueous Bouin’s fixative for 24 hours and then kept in a mixture of 70%
ethanol (95 parts) and glycerol (5 parts). The specimens were then dehydrated in
ascending grades of ethanol. Then, the specimens were preserved and cleared in
terpineol for about three days, then washed in benzene and embedded in three
changes of pure paraffin wax (Merck, M.P. 54- 56 C°). Sections of 4-6 µm were
prepared, mounted on clean glass-slides and stained with haematoxylin and eosin
(H&E) Bancroft and Gamble, (2002). Finally, the tissues were examined using light
microscope (Olympus CX 31, Tokyo, Japan) and photomicrographs were made as
required.
Histochemical preparation
For the identification of mucopolysaccharides, specimens of the salivary were
fixed in Carnoy,s fluid, dehydrated, cleared and embedded in paraffin. Paraffin
sections were stained with the Alcian blue-PAS method (Mowry, 1956).
Ultrastructural preparations
For ultrastructure evaluation by transmission electron microscopy (TEM) as
described by Dykstra et al. (2002), at which the freshly excised salivary gland
specimens were cut into small pieces measuring about 1 mm and immediately fixed
in fresh 3% gluteraldehyde-formaldehyde at 4°C for 4 hours. The specimens were
then washed in phosphate buffer (pH 7.4) and post- fixed in isotonic 1% osmium
tetroxide for one hour at 4°C and processed. Semi-thin sections were cut at 1 µm
thickness and stained with toluidine blue. Ultrathin sections were stained with uranyl
acetate and lead citrate (Reynolds, 1963) and examined on a Joel CX 100 TEM
operated at an accelerating voltage of 60 kV at the Regional Center for Mycology and
Biotechnology (RCMB), Al-Azhar University.
RESULTS AND DISCUSSION
Histological results
Examination of the histological sections obtained from the salivary gland of
untreated (control) Limax maximus, showed that it divided into acini, held together by
loose connective tissue (Fig. 1). Each acinus built up of various secretory types of
cells. Each cell type possessed a basal nucleus. The lumen of the acinus appeared
narrow and lined with a simple columnar epithelium, resting on a thin basal lamina
(Fig. 2). These results agree with Lobo-da-Chuna (2009) on the salivary gland of the
opisthobranches Philinopsis depicta.
The result obtained after exposure the slugs to LC50 of thymol showed certain
histological changes in the salivary gland illustrated in Figures (3&4). The basal
lamina encapsulating the salivary acini appeared rupture in some regions, vacuolated
cytoplasm and deformed nuclei were observed in the different cell types, whereas the
Figures (5&6) illustrated the histological changes appeared in the salivary of target
slugs after exposure to LC90 of thymol. The secretory cells were seen widely
separated from each other, highly vacuolated cytoplasm and severe affected nuclei
including pyknosis and karyorrhexis.
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The histological changes in the present work revealed that the slugs were
received thymol the cells of salivary gland appeared with vacuolated cytoplasm and
severe affected nuclei including pyknosis and karyorrhexis similar to the results
obtained by Yousef (2011) on the digestive gland of land snail Eobania vermiculata
by using the thymol and nicotine and Bakry (2009) who studied changes following
exposure to three plants extracts; E. splendens, Guayacum officinalis and Atriplex
stylosa on the digestive gland of B. alexandrina.
Histochemical observations
Examination of stained sections of the salivary gland of L. maximus, revealed
that the secretory cells are intensely stained with red colour indicating their richness
of neutral mucopolysaccharides with the absence of acid mucopolysaccharides. The
acini of glands showed weak or almost negative reactivity (Figs. 7-9). At the
histochemical level, the present study revealed that the secretory cells of salivary
gland of the slug are intensely stained with red colour in Alcian blue (PAS) method
indicating their richness of neutral mucopolysaccharides, this results agrees with
those obtained by Lobo-da-Cunha et al. (2016) on their study on the salivary glands
in carnivorous and herbivorous cephalaspideans (Gastropoda: Euopisthobranchia).
Ultrastructural studies
The ultrastructural results of the present investigation exhibited that the salivary
gland of control slug, L. maximus possesses three types of the cells; ciliated, granular
and mucous cells. The present work showed marked differences between the
secretory cells of the salivary gland. The first type of cells; ciliated cells have
microvilli and cilia on their apical membranes (Figs. 10&11) with wide apical surface
and a very thin stalk reaches the base of the epithelium. These cells possess amount
of glycogen granules abundant in the thin mid and basal portion of cells. The gap and
tight junctions are obvious between adjacent cells (Fig. 11).
Furthermore, the present results showed that some cells of the salivary gland
are held together tightly by a number of plasma membrane junction complexes. Cell
junctions are important in characterizing a cells as well as tissue. Adherence junctions
encircle a cell near its apical surface, allowing contact between the cell and all of its
surrounding neighbors and provide a potential pathway for signals to be transmitted
from the cell exterior to the cytoplasm, this result agrees with the result obtained by
Bhattacharyya and Chaki (2012) on the ultrastructure of the salivary gland cell of
active snail Pila globosa.
In addition numerous oval and spherical mitochondria are abundant in the upper
portion of their cytoplasm (Fig. 11). Second type of cells; granular cells are
distinguished by the abundance of secretory granules. These cells contain some
electron- dense and light secretory material in the vesicles, which occupied the apical
portion of these cells (Figs. 12, 14 &15). Their nuclei are oval in shape and present in
the basal region (Fig. 10). The third type of cells; mucous cells are observed in the
salivary gland with mucous secretion (Fig. 12). The present investigation showed that
the salivary gland of L. maximus pointed to the difference in the granular cells was
also possible to detect proteins in the secretory vesicles, which contain two distinct
components: patches of secretion with higher electron- density containing protein and
more abundant electron lucent component enclose polysaccharides, these results
agree with Lobo-da- Cunha and Calado, (2008) and Lobo-da-Cunha et al. (2016) in
their studies on the salivary glands in carnivorous and herbivorous cephalaspideans.
The present investigation showed that the entire secretory of the ciliated cells,
filled with vesicles are discharged into the lumen characterizing a holocrine process
of secretion (Fig. 16) as well as the merocrine mechanism, the secretory vesicles
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leave the cell by exocytosis, involving membrane fusion between the vesicles limiting
membrane and the plasma membrane (Fig. 17). There are three main cellular
mechanisms of secretion; merocrine, apocrine and holocrine depending on the way of
the secretory products are released from cells, Moura et al. (2004) and Lobo-daCunha et al. (2016). In the merocrine mechanism, the secretory vesicles leave the cell
by exocytosis, involving membrane fusion between the vesicle limiting membrane
and the plasma membrane. In the process of apocrine secretion, the secretory product
is discharged along with parts of the apical cytoplasm, whereas, in the holocrine
mechanism, the product of secretion is eliminated with the whole cell involving
destruction of the secretion filled cells. The present study investigated that the
salivary gland of L. maximus exhibited two mechanisms of secretion were detected in
the secretory cells: merocrine and holocrine.
Electron microscopically observations of the cells of the salivary gland of slugs
received LC50 of thymol revealed ultrastructural changes in these cells. These changes
including, presence of some lipid droplets (Fig. 18), some of rough endoplasmic
reticulum fragmented to small stacks (Fig. 21) and the heterochromatin accumulated
in patches in the nucleus (Fig. 22). Whereas, glycogen granules (Fig. 16), mucous
secretion (Figs. 18&20) and light and dense electron materials (Fig. 20) appeared
mild changes and like those observed in the salivary gland of the control slugs group.
However, LC90 of thymol exhibited severe changes in the cytoplasm and the nuclei of
all different cell types of salivary gland of the slug L. maximus. These changes
including presence of wide spaces between the cells (Fig. 23), large vacuoles and
fibers observed between the cells (Figs. 21&28), appearance of numerous lipid
droplets (Fig. 26), reduction of glycogen granules (Fig. 27), rough endoplasmic
reticulum fragmented into small stacks (Fig. 29) and the heterochromatin
accumulated in patches in the nucleus (Figs. 21,27&30). The nuclear envelope of
some nuclei exhibited irregular shape (Fig. 28). These results agree with the results
observed by the authors Sharaf, 2006; Radwan and El-Zemity, 2007; Radwan et al.,
2008 and Yousef et al., 2013 on the digestive gland of Biomphalaria alexandrina.
CONCLUSIONS
The present observation revealed that the salivary gland of L. maximus are only
secretory in nature enclose various types of vesicles. The secretory cells of the
salivary gland are variable; these are cleared as three types; ciliated cells, granular
cells and mucous cells. It was recommended that the application of LC90 of thymol in
a trial to open new areas of application of monotrpenoid as eco-friend molluscicide.
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EXPLANATION OF FIGURES
Figures 1-6: Photomicrographs of the salivary gland sections of L. maximus
stained with H &E.
Fig. 1: Illustrating the salivary gland of a control slug which consists of acini (A)
surrounded by connective tissue (CT) and secretory cells (SC) with nuclei (N).
(X 400)
Fig. 2: Enlarged portion from the previous figure showing acinus of the salivary
gland of a control slug with different secretory cells (SC) surrounded the lumen
(L) and possess the nuclei (N).
(X 1000)
Fig. 3: Showing the salivary gland of slug exposure to LC 50 of thymol for 48 hours,
Notice presence of many vacuoles (V) in the cytoplasm and rupture in some
regions of the basal lamina of some cells (arrowhead).
(X 400)
Fig. 4: Enlarged portion from the previous figure of the salivary gland of the slug
exposure to LC50 of thymol for 48 hours showing vacuoles (V) in the
cytoplasm.
(X 1000)
Fig. 5: Illustrating the salivary cells of the salivary gland of slug exposure to LC 90 of
thymol for 48 hours with many vacuoles (V) in the cytoplasm and pyknotic
nuclei (P).
(X 1000)
Fig. 6: Showing the salivary gland of slug exposure to LC90 of thymol for 48 hours.
The cells were seen widely separated from each other (asterisks) and many
vacuoles (V) in the cytoplasm with karyorrhexis (K) in the nuclei of the
salivary cells.
(X 1000)
Figures 7-9: Photomicrographs of the salivary gland sections of L. maximus
stained with Alcian blue (PAS)
Fig. 7: The Alcian blue revealing red colour stained of neutral mucopolysaccharides
contents in the salivary gland of control slug.
(X 400)
Fig. 8: Showing the salivary gland of slug received LC50 of thymol for 48 hours. The
cells appear nearly control in the stainability with Alcian- blue (PAS). (X 400)
Fig 9: Illustrating the salivary gland of slug received LC90 of thymol for 48 hours.
The cells appear weak stainability with Alcian-blue (PAS).
(X 400)
Figures 10-17: Transmission electron micrographs of the salivary gland of the
control L. maximus
Fig. 10: Showing cell types of salivary gland; ciliated cell (CC) with microvilli (Mv)
and glycogen granules (GG), granular cell (GC) and mucous cell (MC).
(X 6000)
Fig. 11: Showing ciliated cells (CC) with wide apical region, microvilli (Mv),
mitochondria (M). Presence of gap junction (GJ) and tight junction (TJ)
between the cells.
(X 12000)
Fig. 12: Granular cell containing many vesicles filled with highly electron dense
secretion (arrows) and mucous cell containing mucous secretion (MS).
(X 6000)
Fig. 13: Illustrating the tubules of cilia (C) around the lumen (L) and nucleus (N) with
nucleolus (Nu) in the ciliated cell.
(X 15000)
Fig. 14: Showing light and dense electron materials (asterisks) and glycogen granules
(GG) are observed in the ciliated cell.
(X 12000)
Fig. 15: Showing rough endoplasmic reticulum (RER) and large vesicles of dense
electron materials (asterisks) in the granular cell.
(X 12000)
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Fig. 16: Illustrating the entire secretory cells, filled with vesicles are discharged
which their secretions into the lumen (asterisks).
(X 5000)
Fig. 17: Showing secretory vesicles are discharged in the gland lumen with their
limiting membranes and parts of the apical cytoplasm (asterisks).
(X 5000)
Figures 18-22: Transmission electron micrographs of the salivary gland of L.
maximus exposure to LC50 of thymol for 48 hours.
Fig. 18: Showing the salivary cells are nearly control; some lipid droplets (LD),
mucous secretion (MS) and glycogen granules.
(X 6000)
Fig. 19: Illustrating the light and dense granules (asterisks) and glycogen granules
(GG).
(X 6000)
Fig. 20: Showing granular cell with light and dense electron materials (asterisks) and
the nucleus (N) is also observed. Mucous secretion (MS) is also appeared.
(X 8000)
Fig. 21: Illustrating some rough endoplasmic reticulum (arrows) fragmented into
small stacks.
(X 15000)
Fig. 22: Showing numerous stacks of rough endoplasmic reticulum (RER) and
patches of heterochromatin in nucleus (N) and abundant of scattered fibers.
(X 15000)
Figures 23-30: Transmission electron micrographss of the salivary gland of L.
maximus exposure to LC90 of thymol for 48 hours.
Fig. 23: Showing the different types of cells far from each other’s (arrows). (X 6000)
Fig. 24:Showing many large vacuoles (V) in-between different cells.
(X 12000)
Fig. 25: Illustrating wide space between the cells (asterisk), the mucous secretion
(MS) possesses more electron dense material on the peripheral surface (arrows).
(X 10000)
Fig. 26: Showing numerous of lipid droplets (LD) and few fibers (F) in-between the
cells.
(X 10000)
Fig. 27: Illustrating the reduction of glycogen contents (asterisks).The basal nucleus
(N) is also observed.
(X 8000)
Fig. 28: Showing scattered many fibers (F) in-between the cells, lipid droplets (LD)
and appearance of cilia (C).
(X 15000)
Fig. 29: Showing rough endoplasmic reticulum (RER) fragmented into numerous
small stacks.
(X 12000)
Fig. 30: Displaying a heterochromatin which appear large patches in the nucleus (N)
and mucous secretion (MS) is also observed.
(X 8000)
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ARABIC SUMMARY
تأثيراث منتج نباث (ثيمول) على الغدة اللعابيت للبزاقت العمالقت ليماكس ماكسيمس في مصر (دراست
هستولوجيت وتركيبيت دقيقت)
أميمت محمد مصطفى
قسٌ اىعيً٘ اىبٍ٘ى٘جٍت ٗاىجٍ٘ى٘جٍت  ،ميٍت اىخشبٍت  ،جبٍعت عٍِ شَس  ،اىقبٕشة ٍ ،صش
ٍشمب اىثٍَ٘ه ٌ٘جذ بشنو طبٍعً فً اىعذٌذ ٍِ اىْببحبثٗ .قذ أظٖش ّشبطبً مَبٍذ ىيشخٌ٘بث ظذ اىق٘اقع
األسظٍت ٗاىبضاقبث .حٖذف اىذساست اىحبىٍت إىى ٗصف اىخبثٍشاث اىْسٍجٍت ٗمٍٍَبء االّسجت ٗاىخشمٍبٍت اىذقٍقت
ىخ٘ظٍح أي حأثٍشاث ظبسة ٍحخَيت قذ ٌنُ٘ اسخحعشٕب فً ٍشحيت ٍب بعذاىخعشض ىيثٍَ٘ه فً اىغذة اىيعببٍت
ىـي بضاقت.ىخحقٍق اىٖذف اىَقص٘د فً ٕزا اىصذد ،قذ حٌ حقسٌٍ اىبضاقبث إىى ثالد ٍجَ٘عبث .مبّج اىَجَ٘عت
األٗىى بَثببت اىَجَ٘عت اىعببطت ٗ ،حْبٗىج اىَجَ٘عت اىثبٍّت ٗاىثبىثت حشمٍضاث(  ٍِ )LC90 , LC50اىثٍَ٘ه
ىَذة  84سبعت فً اىغزاءٗ .حٌ اىحص٘ه عيى اىغذد اىيعببٍت ٍٗعبىجخٖب إلجشاء اىفح٘صبث .أظٖشث اىْخبئج
اىْسٍجٍت أُ اىثٍَ٘ه ىٔ حأثٍشاث ظبسة عيى اّ٘اع خالٌب اىغذد اىيعببٍت بَب فً رىل ٗج٘د فشاغبث فً اىسٍخ٘بالصً
ٗحش٘ٓ فً بعط اٌّ٘ت اىخالٌب اىَخخيفتٗ .أشبسث ّخبئج دساست مٍٍَبء االّسجت ٗج٘د عذٌذاث اىخسنش اىَخبطٍت
اىَحبٌذ ة فً خالٌب اىغذة اىيعببٍتٗ .مشفج اىْخبئج اىخشمٍبٍت اىذقٍقت أُ اىشبنت اإلّذٗبالصٍٍت قذ حٌ حجضئخٖب إىى
جضٌئبث صغٍشة  ،مَب ظٖشث بقع ٍٕخشٗمشٍٗبحٍِ مثٍفت فً االٌّ٘ت .
ىزىل ٌَنِ اىخ٘صٍت ىيبضاقبث اىَعبٍيت ( ٍِ ) LC90اىثٍَ٘ه ىَنبفحت اىبضاقبث اىَسخٖذفت ْٕٗبك حبجت
إىى ٍضٌذ ٍِ اىذساسبث ىخقٌٍٍ فعبىٍخٖب مَبٍذاث سخٌ٘ت اقخصبدٌت آٍْت فً اىحقو بذال ٍِ اسخخذاً ٍبٍذاث اَفبث
اىنٍٍَبئٍت اىخً ٌَنِ أُ حي٘د اىبٍئت.

