



Smokeless Tobacco Induces Astrocyte Activation in The Hippocampus of Male Wistar Rat
ABSTRACT
Smokeless tobacco has been used widely in our villages and rural communities, most especially to ease stress and improve the mood of the users. Its use has been established by literature to elicit several health outcomes. Despite the negative health effects associated with smokeless tobacco, grasping its usage and effects is complicated due to the broad range of products and user-specific habits. This variety renders it incorrect to generalise about these products as a single entity across different regions and countries. Few researches have already been done to establish or refute its cognitive ability in different parts of the world, bearing in mind its wide variability. Its neurodegenerative tendencies have also been mentioned in pockets of literature. These neurodegenerative tendencies can be explained further using an immunohistochemical assay of hippocampal tissue. This research evaluated the immunohistochemistry of the CA1 region of the hippocampus of adult male Wistar rats following the consumption of smokeless tobacco. 
24 adult male Wistar rats were randomly assigned to four groups: groups I, II, III, and IV. Group I received only distilled water, group II received 20 mg/kg, group III received 30 mg/kg, and group IV received 40 mg/kg of the aqueous extract of smokeless tobacco orally through oral gavage. The duration of the administration lasted for 33 days. On days 3 and 33, the rats were sacrificed to extract the brain tissue for glial fibrillary acidic protein (GFAP) immunohistochemical assay. 
Reactive astrocytes exhibit extensive synthesis of GFAP, implying that increased GFAP expression and upregulation are strong markers for reactive astrogliosis. GFAP upregulation was observed in the micrograph of CA1 region of the hippocampus for groups III and IV. The observed astrocytes in those micrographs were enlarged with longer processes as compared to those in the group I micrograph. The observed features in the group III and IV micrograph suggest possible dose-dependent reactive astrogliosis.
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1.	INTRODUCTION
Smokeless tobacco has been used for centuries and is prevalent in various cultures worldwide. It has gained widespread usage worldwide. Chugh et al1 estimated that more than 300 million people use it globally.  “Smokeless tobacco may refer to various substances like tobacco snuff, dipping, snus, tobacco gum, tobacco paste, herbal smokeless tobacco, tobacco water etc”.2 It is consumed in unburnt forms through sniffing and chewing and as a matter of fact, nasal inhalation of fine, dry tobacco powder is an old practice quite predominant in the 19th century.3 Snuff as we come to know today is derived from tobacco. “It is a form of smokeless tobacco consisting of finely powdered or pulverised tobacco leaves. It is snorted into the nasal cavity delivering nicotine and a flavoured scent to the user. The indigenous populations of Brazil were the first people known to have used ground tobacco as snuff”4, from there, it spread to the Europeans, Asians and Africans. Rhodes opined that snuff and tobacco products were introduced to Africa by European traders in the 16th century.5 Today, in countries like South Africa and Nigeria, snuff remains popular among the older generation, although its usage is gradually decreasing as cigarette smoking becomes more prevalent.6 Onoh et al7 report African prevalence of the consumption of smokeless tobacco at 2.8%. They went ahead to list some of the factors that are associated with smokeless tobacco use including increasing age, gender, lower educational attainment and lack of awareness of consequent health risk. Nasal intake of snuff produces a unique short-lasting feeling of light-headedness which is not observed in smokers. This presents yet another non-pharmacological reason for snuffers to find their habit significantly more enjoyable than smoking.3 Snuff use being an age-long tradition worldwide, has been found in the house of kings, monarchs, clergymen, sailors and every other work of life. The purposes of taking it are numerous, some of which include; relieving toothache, curing bleeding gums, neuralgia, scurvy, preserving and whitening teeth and preventing decay.8 Though many of its supposedly claimed abilities have not been scientifically proven. “It is widely accepted that nicotine is the primary addictive constituent of tobacco, and there is growing body of evidence that nicotine demonstrates the properties of a drug of abuse”9, however, Ugwu & Aprioku10 reports that “apart from nicotine, tobacco products contain other components that are potentially toxic, carcinogenic, mutagenic, growth retardative and immunosuppressive. Such compounds include polycyclic aromatic hydrocarbons like benzopyrene, cyanide, carbon-monoxide, lead, cadmium, nitric oxide, nitric dioxide; tobacco-specific N-nitrosamine (TSNA), N-nitrosonornicotine (NNN), 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), ammonia and flavours”. “The association between tobacco use and the risk of development of several health effects are well documented in literature. These consequences are borne by millions globally, contributing to morbidity and mortality for current and future generations”11, which account for about 8 million deaths globally.12 This means that “every 6 seconds, one person dies due to tobacco-related disease. About 75% of this mortality is among low- and middle-income country residents”.11 The negative health consequences and most of its effects are attributed to the principal constituent – nicotine.10 Singha et al13 reported that exposure of female Swiss albino rats to smokeless tobacco is associated with structural and functional damage of the kidneys. They explained that the rats showed increased levels of creatinine and urea and such their kidneys showed edema, congestion and presence of cast cells when compared with the kidneys of the control group. This position was corroborated by Udeh et al14 who posited that consumption of local tobacco snuff during pregnancy causes weight loss, significantly inhibits fetal growth and severely damage the kidneys of the pregnant female wistar rats used in their study. They concluded that the severe kidney damage observed histologically was corroborated with significant elevation of the serum creatinine and urea. In human studies, Muttaka & Usman15 investigated the renal parameters content in blood samples of snuff addicted individuals in Gusau metropolis, their result showed statistically significant increase in concentration of creatinine in the group that were addicted as compared to the control group. Their work also showed that there was a significant increase in concentration of alanine transaminase (ALT), aspartate transaminase (AST), total bilirubin, direct bilirubin in individuals who where addicted to snuff. This was corroborated with the work of Ugwu & Aprioku10 who reported elevated hepatic enzymes and as well elevation of serum gamma-glutamyl transpeptidase/transferase (GGT) in rats administered with snuff. Patel et al16 reported that the level of GGT in smokeless tobacco users with chronic periodontitis was significantly higher than it is in non-tobacco users with chronic periodontitis. Most of these enzymes like GGT are oxidative stress marker and as well as marker for liver and bile duct issues. 
On neurocognitive effects, Chimbala, Nabuzoka & Paul17 reported that the more one uses snuff, the more impairment in memory and attention. Recent studies have suggested that long-term use of smokeless tobacco could predispose to free radical generation and oxidative stress.18,19 Muhammad et al.20 reported that oxidative stress was induced by high-dose administration of smokeless tobacco and inhibition of acetylcholinesterase activity in male Wistar rats. Recently, Obot & Okoseimiema21 demonstrated that smokeless tobacco consumption leads to neurotoxic tendencies in adult Wistar rats. Their work showed that the rats which received high dose of smokeless tobacco exhibited pyknosis, vacuolations, gliosis and chromatolysis in the CA3 region of the hippocampus in adult male Wistar rat. Nicotine, the major constituent of smokeless tobacco has been shown to alter the functional and morphological properties of astrocytes.22 They had posited that nicotine induces a change in the volume of astrocytes in the prefrontal cortex, CA1 region of the hippocampus, and the substantia nigra. Astrocytes are a type of glial cell in the central nervous system (CNS) has been shown to play a role in many functional aspects of CNS in health and disease and has wide variety of roles some of which include; maintenance of CNS homeostasis, control and support of neurons, neurotransmitter recycling, control of blood flow and the induction, functional control and removal of neuronal synapses.23 In terms of energy regulation, astrocytes have protrusions that interact with neuronal dendrites and contain receptors for hormones associated with energy balance such as leptin and insulin.24Pekny et al23 also showed that in response to injury or assault, astrocytes are expressed in phases. They posited that in the acute phase, reactive astrocytes are neuroprotective, however, in the post-acute and chronic phase, “they act as both positive and negative regulators of neural plasticity, including generation of new neurons, axonal sprouting and control of synapse number and function. The resulting neuro-inflammatory response can exacerbate metabolic dysfunction, leading to further neuronal injury that can negatively disrupt an array of physiology including weight gain and cognitive function”.24 Pekny & Pekna25 reported that “any insult to the CNS tissue triggers a range of molecular, morphological and functional changes of astrocytes jointly called reactive astrogliosis”.
“Glial fibrillary acidic protein (GFAP) is a type III intermediate filament protein predominantly found in astrocytes”26 provides structural support to the cell and has long been accepted as a specific marker of astrocytes.24 “Neuronal stress, caused by either disease or injury, evokes astrocyte activation as a response, including hypertrophy, proliferation and increased GFAP expression”.26 “Reactive astrocytes show extensive synthesis of GFAP, and as such, increases in GFAP expression have been proposed as an index of reactive astrogliosis”.24,26 As Obot & Okoseimiema21 has demonstrated gliosis as a result of smokeless tobacco consumption, this research assesses whether consumption of smokeless tobacco induces astrocytic activation in the CA1 region of the hippocampus of adult male Wistar rat.
2. 	MATERIALS AND METHODS
2.1	Plant Collection and Identification
Grounded tobacco (snuff) was obtained from the Mile 3 market and identified by the Department of Plant Science and Biotechnology in the Faculty of Agriculture, University of Port Harcourt.

2.2	Extracts Preparation
The grounded snuff was sun-dried for 30 minutes. 40 grams of it was dissolved in 400 ml of distilled water and properly stirred. The mixture was allowed to stand in a clean corked container for 48 hours. Thereafter, it was filtered with a clean handkerchief and the filtrate was further filtered with Whatman 100 filter paper. The final filtrate was evaporated using a water bath at 60 °C. The dried extract was then stored in the refrigerator at a temperature of 4 °C till when dosing was done.
2.3	Animals
Twenty-four (24) male Wistar rats were used for the study. They were kept in the Animal House of the Department of Human Anatomy, University of Port Harcourt. They were housed in a standard rubber cage maintained in a well-ventilated room with 12 hours of light/dark cycle at room temperature. They were fed with standard rat chow and allowed access to tap water ad libitum. They were allowed to grow to maturity of 2 months where they clocked an average weight of 160 – 180 g before administration of extracts was done.
2.4	Grouping and Dosing
The adult Wistar rats were divided into 4 groups (6 rats in each group) labelled Group I, II, III and IV. Dried nasal snuff extract was dissolved in distilled water and given by oral gavage. Group I was given distilled water (control), group II was given 20 mg/kg b.w., group III was given 30 mg/kg b.w. and group IV was given 40 mg/kg b.w. The administration was done for 33 days.
The dosing was done following the guidelines given by Adias et al27 and Erhirhie et al28.
2.5	Tissue Extraction and Processing
The rats were first perfused with a fixative before the tissue was extracted. Tissue extraction was done in two time periods (day 3 and day 33). The process was the same in each of these periods. The perfusion pump/set-up was put in place first and test run with distilled water. The perfusion pump was replaced with 10% buffered formalin. The rats to be used for each of these periods were first anaesthetized using diethyl ether. Cotton wool soaked with diethyl ether was placed in a desiccator and the rat to be anaesthetised was introduced into the desiccator. Once the rat was unconscious, it was removed and placed on the operating table with its back down. The appendages were clamped unto the operating board using a thumb pin to ensure that the rat was securely fixed. Using a pair of scissors the fur on the abdomen was removed to expose the skin of the rat. With a scalpel, an incision was made through the abdomen. With a pair of sharp scissors, a cut through the connective tissue at the bottom of the diaphragm was made to allow access to the rib cage. With a pair of blunt scissors, the ribs were cut through the midline to gain access to the thoracic cavity. The open thoracic cavity was clamped to expose the heart. The beating heart was held steady using a pair of forceps, and then the perfusion needle was inserted through the left ventricle to extend to the aorta. The valve of the perfusion pump was then released to allow the fixative to flow. The atrium is then cut with a sharp pair of scissors. After about 20 minutes, the body of the rat was stiffened and the fixatives were seen dripping from the rat’s nostrils and mouth. At about 40 minutes, when the rat has been properly fixed, it was observed that the rat was hardened, the liver appeared lightened, the perfusion was stopped and the head of the rat was excised. The flesh covering the skull was gently removed using a pair of scissors and the skull was placed in a specimen bottle filled with the 10% buffered formalin. After 3 days, the skull was cracked and the brain tissue was excised for tissue processing.
2.6	Tissue Processing (Immunohistochemistry)
The excised brain tissue was post-fixed in 10% buffered formalin for 24 hours. This fixative sufficiently filled the specimen bottle which the tissue was placed. The tissue was placed in the bottle such that it was freely suspended in the fixative and was not making contact with the bottom of the container. The brain tissues were later grossed picking out the hippocampus. The grossed tissue was placed in suitably labelled cassettes. The cassetted tissues were then placed in a container and 10% buffered formalin poured in to continue the fixation for another 1 week.
After 1 week, the tissue was dehydrated by immersing the tissue in graded ethanol. The tissue was first placed in 70% ethanol for 15 minutes, then it was placed in 90% ethanol for another 15 minutes and finally in absolute (100%) ethanol for 15 minutes. It was placed further in another absolute ethanol for 30 minutes. At the end of the 30 minutes, it was placed in another absolute ethanol for 45 minutes. 
After the dehydration process, clearing was done. This was done by placing the dehydrated tissue in xylene for 20 minutes. It was repeated for another 20 minutes and lastly for 45 minutes. In each occasions, fresh xylene was used. After clearing, the tissue was then impregnated (infiltrated) with paraffin wax. This was done by melting the paraffin wax at 65°C and pouring it into paraffin bath. The tissue was then placed into the paraffin bath first for 30 minutes, then for another 30 minutes and finally for 45 minutes. In each occasions, fresh paraffin wax was used. The impregnated tissue was allowed to cool at room temperature where it become solidified.
The paraffin-embedded tissue block was sectioned to 5 μm using a microtome. Sections were immunostained for GFAP manually using a standard laboratory protocol.29–31 The sectioned tissue was deparaffinised through a series of xylene and graded ethanol washes. Immediately after deparaffinization, antigen retrieval was achieved by heating the deparaffinised sections in a citrate-based antigen unmasking solution with pH of 6.0 for 30 minutes in a steamer, after which the sections were allowed to cool gradually at room temperature for an additional 30 minutes. The sections were then treated with 0.3 % hydrogen peroxide in Phosphate Buffered Saline (PBS) with pH of 7.4 for 10 minutes. This step inhibits endogenous peroxidase activity. After this step, blocking reagent was applied to the tissue specimen and incubated in an enclosed chamber for 5 minutes. Blocking reagent used was animal-free blocker and diluent. This step was to ensure specificity of the antibody binding. Next step was to hold the tissue slide at a 45° angle, and rinsed gently with 1X Rinse buffer for a minimum of 15 seconds. The end of the slide was tapped with a paper towel to remove excess rinse buffer. Thereafter, the primary antibody (a rabbit anti-GFAP antibody) was diluted in the blocking solution and applied to the sections and incubated at room temperature for 2 hours to facilitate optimal binding. At the end of the 2 hours, the sections were rinsed in phosphate buffered saline and incubated with the secondary antibody, ImmPRESS-HRP Anti-Rabbit IgG Polymer Reagent, conjugated with horseradish peroxidase (HRP), prepared in horse serum. Visualization of the antibody binding was achieved by applying DAB (3,3'-Diaminobenzidine) to the tissue specimen and incubated in an enclosed chamber for 10 minutes, producing a brown stain at the sites of GFAP expression. Sections were counter stained with hematoxylin for 1 minute to enhance cellular detail, and mounted on a slide for microscopic examination. A coverslip was then mounted using an aqueous-based mounting media. 

3.	RESULT
The result of the GFAP immunochemistry of the hippocampus of group I – General control.
Plate 1 below shows a micrograph of the GFAP immunoreactivity in the CA1 region of the hippocampus of group I (control group) rats on day 33. Few resting astrocytes can be seen as the cell body of the visualised astrocytes are small and it processes thinner indicating non-reactivity. The sparse presence and lack of glial scar here suggest that there is astrocytic activation.
Plate 1: (X400): Immunoreactivity of GFAP in the CA1 region of the hippocampus in the group I rats on day 33. Observe few resting astrocytes (black arrows).










The result of the effects of smokeless tobacco consumption on the GFAP immunochemistry of the hippocampus of group II for day 3 and day 33 are shown in plate 2. Slide A represents day 3 while slide B represents day 33. The Plate 2 micrograph for both day 3 (A) and day 33 (B) shows low astrocyte count and GFAP upregulation indicating no major reactive gliosis. However, the astrocytes in slide B seems to have extended processes that are approaching connectivity. This could possibly means that the astrocytes are tending towards becoming reactive as its processes are thicker than those seen in Plate 1.
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Plate 2: (X400): Immunoreactivity GFAP in the CA1 region of the hippocampus in the group II rats on day 3 (A) and day 33 (B). Observe few resting astrocytes (black arrows).







 

The result of the effects of smokeless tobacco consumption on the GFAP immunohistochemistry of the hippocampus of group III for day 3 and day 33 as shown in plate 3. Slide A represents day 3 while slide B represents day 33. Few reactive astrocytes where observed in slide A as compared to slide A of plate 2. The astrocytes seen here had extended processes. For slide B, numerous reactive astrocytes with long processes were observed. This processes were interconnected with one another. The cell body of the astrocytes in slide B was also highly enlarged.
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Plate 3: (X400): Immunoreactivity of GFAP in the CA1 region of the hippocampus in the group III rats on day 3 (A) and day 33 (B). Observe reactive astrocytes (black arrows) in slide B with its long processes.












The result of the effects of smokeless tobacco consumption on the GFAP immunohistochemistry of the hippocampus of group IV for day 3 and day 33 as shown in plate 4. Slide A represents day 3 while slide B represents day 33. The processes of the astrocytes observed in slide A of Plate 4 were seen to be much and had much greater connectivity than those in the equivalent slides of Plate 2 and 3. This indicate increased reactive gliosis. For slide B, dense astrocyte processes were observed indicating sustained activation. The soma of the astrocytes were dense and enlarged as well. Glial scar which is a clear indicator of reactive gliosis was also observed in this slide.


Plate 4: (X400): Immunoreactivity of GFAP in the CA1 region of the hippocampus in the group IV rats on day 3 (A) and day 33 (B). Observe reactive astrocytes (black arrows) in both slides with its long processes.
A
B












4.	DISCUSSION
[bookmark: _GoBack]“Smokeless tobacco differs in composition as a result of differing in the country of origin, brand, additives and tobacco plant”.32 Snuff like other smokeless tobacco products varies widely in its chemical composition and each of these chemicals can be implicated in cellular/organ toxicity. Several literatures has shown the effects of smokeless tobacco on the nervous system ranging from addiction, memory issues, peripheral neuropathy, neurodegenerative disorders, etc.33 Obot & Okoseimiema21 had recently highlighted the neurodegenerative tendencies of smokeless tobacco consumption on the hippocampus of adult male Wistar rats. Their work had shown increased vacuolations, chromatolysis, pkynosis and gliosis which are clear markers for neurodegeneration.
This study presented immunoreactivity of glial fibrilliary acidic protein (GFAP) expression in the CA1 region of the hippocampus. GFAP is considered a selective immunohistochemical marker of astrocytes and is commonly used in  the identification of astrocytic activation in both the central and peripheral nervous system.34 GFAP expression is upregulated in pathological conditions like neurodegenerative diseases, trauma, autoimmune disorders and as well with the presence of toxins.35 Astrocytes can as well be activated by inflammatory signals from microglia. Microglia and other immune cells releases cytokines like Tumour Necrosis Factor – alpha (TNF – α), Interleukin – 1 – beta (IL - 1β), Interleukin – 6 (IL – 6), Interferon gamma (IFN – γ) and Complement component 1q (C1q) in response to CNS injury or trauma.36,37 The released cytokines binds to receptors on astrocytes thus triggering intracellular signalling cascades such as Inhibitor of kappa-B Kinase/Nuclear Factor kappa-light-chain-enhancer of activated B cells (IKK/NF-kB) and Janus Kinase/Signal Transducer and Activator of Transcription (JAK/STAT) leading to upregulation of GFAP, morphological changes like hypertrophy of the astrocytic processes and soma, secretion of additional cytokines and the final transition to reactive phenotypes.38 According to Lattke & Wirth38, activation of IKK/NF-kB signalling in astrocytes is a key driver of neuroinflammation and astrogliosis and depending on the severity and type of insult, the hypertrophic response can also be accompanied by astrocyte proliferation and can result in the formation of dense glial scars.
This study showed progressive activation of astrocytes in the hippocampus of group III and IV animals. This was marked by increased elongation of the processes of the astrocytes and interconnectivity. The cell body was also enlarged for the groups III and IV animals. The astrocytes in groups III and IV became more reactive with increased GFAP upregulation and their processes being hypertrophied. The observed astrogliosis could be as a result of the active ingredient of smokeless tobacco – nicotine. Nicotine according to Barhwal et al39, is an agonist of nicotinic acetylcholine receptors (nAChRs), can easily cross the blood-brain barrier (BBB). Nicotine upon crossing the BBB induces oxidative stress and inflammatory responses in the brain.40 They do so by inducing increased reactive oxygen species (ROS) levels in a dose-dependent and time dependent manner.40,41 The free radicals associated with ROS can activate a variety of inflammatory – related signalling pathways in astrocytes42 and hence astrogliosis.
The term reactive astrogliosis, which is also called reactive gliosis according to Pekny & Pekna describes a response of astrocytes in situations such as brain or spinal cord trauma, epilepsy, stroke, or neurodegenerative diseases25. They posited that astrocytes become reactive, evidenced with GFAP upregulation and process hypertrophy. Wilhelmsson et al43 also elucidated that reactive astrocytes in neurotrauma, stroke, or neurodegeneration undergo cellular hypertrophy, increased thickness of their main cellular processes, however, their processes doesn’t necessarily extend to occupy a greater volume of tissue than non-reactive astrocytes. They also posited that despite the hypertrophy of the astrocytes, interdigitation between adjacent hippocampal astrocytes remained minimal. These features were seen in the group III and IV result suggesting reactive gliosis induction. These marked observations suggest the neurotoxic effect of smokeless tobacco consumption on the hippocampus.
5	CONCLUSION
This study has shown that prolonged consumption of smokeless tobacco could induce reactive astrogliosis possibly as a response to neurodegeneration. It has also provided reference data on smokeless tobacco consumption inducing astrogliosis in the CA1 region of the hippocampus.
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