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Abstract

:

Background: Nicotine is the active alkaloid in cigarettes. It was reported that tobacco smoking has many hazards; one of these hazards is the effect on the cognitive function of the prefrontal cortex. The aim of our study is to investigate the antioxidant effects of ginger, cinnamon oils, and their combination on morphological changes in the prefrontal cortex that were induced by nicotine. Materials and methods: Fifty adult male albino rats were divided into five groups: group I (control group), group II (nicotine), group III (nicotine + cinnamon), group IV (nicotine + ginger), and group V (nicotine + cinnamon + ginger). The coronal sections from the anterior part of the rat brain at the site of prefrontal cortex were examined by light microscope for (H&E and immunohistochemical staining with TNF-α and GFAP), while the ultrastructure morphology was examined by transmission electron microscopy. Levels of the oxidative stress markers (MDA, GSH) in the rats’ brain tissue homogenate were biochemically assessed. Results: Compared to the control group, the rats that were treated with nicotine (group II) showed a significant oxidative stress in the form of marked elevation of MDA and decrease in GSH, apoptotic changes especially in the pyramidal cells in the form of neuronal cell degeneration and pyknosis, and an elevation in the inflammatory marker TNF-α and GFAP expressions. These changes were observed to a lesser degree in rat group (III) and group (IV), while there was a marked improvement achieved by the combined usage of cinnamon and ginger oils, together compared to the nicotine group. Conclusions: Ginger and cinnamon are powerful antioxidants which ameliorate the degenerative and oxidative effects produced by nicotine on a rat’s prefrontal cortex.
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1. Introduction


Smoking cigarettes has many hazards; however, one of its great complications is that the consumption of tobacco increases more and more [1,2]. Nicotine is the major parasympathomimetic alkaloid substance in cigarettes [3,4], and nicotine is present in the roots and leaves of nightshade family of plants [5]. After smoking cigarettes, nicotine can be found inside the brain after 7 seconds with each inhaled cigarette containing 10 mg nicotine [6]; with every 10 puffs of a cigarette, from 0.5 to 3 mg of nicotine are absorbed [7]. The level of nicotine in the blood reduced 2–3 h after cigarette smoking [8]. There are many systems affected after nicotine exposure including the nervous system [9], and the effects on the nervous system have many forms, e.g., oxidative stress, nerve growth factor deprivation, and glutamate induced neurotoxicity [10]. The authors of [11] studied the morphological changes that occur in the prefrontal cortex of adult male albino rats.



The prefrontal cortex is the anterior part of rat cerebral hemisphere which has cognitive and memory function [12]. Chronic exposure to nicotine through cigarette smoking has many hazardous substances which induces oxidative stress in the prefrontal cortex [13]. The authors of [14] stated that the chronic use of electron cigarette affects the prefrontal cortex function in the form of impaired cognitive and memory functions.



Ginger (Zingiber officinale) is one of the widely used herbs that was proved to have many beneficial metabolic actions such as hypoglycaemic, insulinotropic, and hypolipidemic effects either in rats [15] and in human [16] also antitumor [17] and antioxidant effects [18]. The ginger antioxidant effect is due to its gingerols, shogaols, and some phenolic ketone derivatives which play an important role in the treatment of reactive oxygen species induced injury in the CNS [19].



Cinnamomum cassia also is a powerful antioxidant herb that can be used in treatment of diabetes, ischemia, cancers, and inflammatory diseases [20]. Its anti-inflammatory, antioxidant [21], and antitumor [22] properties are due to its contents of cinnamaldehyde and cinnamic acid. The research conducted by [23] proved that the usage of cinnamon oil has a neuroprotective property against Alzheimer’s and Parkinson’s diseases.



In the literature, there are no previous studies that investigated the antioxidant power of combined herbs on the prefrontal cortex of chronic nicotine-exposed rats. In our study, we tried to examine the amelioration of the neurotoxicity induced by nicotine smoking in rats by the neuroprotective and the antioxidant effects of cinnamon and ginger oils.




2. Materials and Methods


2.1. Experimental Animals


Fifty adult male albino rats, aged 12–17 weeks, 200–250 g weight, purchased from the animal house of the faculty of pharmacy, Mansoura University. Rats had free access to diet and water. Rats were housed in separate 5 cages in Mansoura Experimental Research Center (MERC), under standard animal experimental research circumstances with ad libitum access to food and water, temperature 18 °C and 12 h light/dark cycles. All the procedures of our experiment were carried out according to the regulation prepared by experimental committee for animal research in Mansoura University.




2.2. Study Design


Rats were randomly subdivided into 5 equal groups (10 rats each) as follows:



Group I, control group (10 rats): Normal rats that received 2 mL/kg/bw normal saline, twice per day.



Group II, nicotine group (10 rats): In this group, rats received nicotine (0.5 mg/kg/bw purchased from Sigma-Aldrich, USA) dissolved in normal saline (2 mL/kg/bw) given by orogastric tube, taken at 6:00 a.m. and 6:00 p.m., to make the concentration of the nicotine in plasma steady for 4 weeks. This dose made the concentration of nicotine in the plasma equal to the nicotine in 20 cigarettes smoked by human/day [3].



Group III, nicotine + cinnamon group (10 rats): Rats of this group received the same dose of nicotine as group II and cinnamon oil in a dose of 400 mg/kg/bw (purchased from Cap-pharm Company for extracting natural oils, herbs, and cosmetics, Cairo, Egypt) via gastric gavage once daily for 4 weeks, according to previous study conducted by [24].



Group IV, nicotine + ginger group (10 rats): Rats of this group received nicotine in same dose as group II plus ginger oil (50 mg/kg/bw) (obtained from Sigma Aldrich Company) via gastric gavage once daily for 4 weeks [25].



Group V, nicotine + cinnamon + ginger (10 rats): Rats of this group treated with nicotine in same dose as group II and cinnamon and ginger oils as same as group II and group VI, respectively.




2.3. Biochemical Analysis


After 4 weeks, the rats were deeply anesthetized by using of ketamine (90 mg/kg i.p.). After that, the brain was extracted from the rat’s skull. Parts of the prefrontal cortex of the brain were cut and homogenized in 5–10 mL cold buffer and centrifugated at 4000 r.p.m for 10 min at 4 °C. The supernatant was separated and used for the assessment of the MDA and GSH levels, and other parts were used for histopathological studies.




2.4. Histopathological Examination of the Brain Tissues by H&E


The extracted cerebral hemispheres were fixed in 10% neutral buffered formalin after that immersed in block of paraffin, and several coronal sections (5 μm) were cut. The sections were deparaffinized and prepared to be stained with Harris hematoxylin and eosin.




2.5. Immunohistochemical Examination for TNF Alpha and GFAP


Prefrontal cortex paraffin sections was deparaffinized by usage of xylene, after that rehydrated by graded ethanol (100%, 95%, and 70%), and the sections were incubated with primary antibody of TNF-α (mouse monoclonal antibody with dilution 1:1000, ab259411, Abcam, Waltham, USA) and GFAP (mouse monoclonal antibody with dilution 1:300, ab68428, Abcam, USA), which was kept at 4 °C overnight. After that, it was rinsed with PBS and incubated with secondary antibody. Next, there was the amplification of immunostaining by adding horseradish peroxidase conjugated IHC kits, after that the visualization of secondary antibody sites with 3,3diaminobenzidine (Dako, REALTM DAB + Chromogen) gave a brown color for antigen sites, then was constrained with hematoxylin, and, after that, was dehydrated with alcohol, cleared with xylene. Positive area staining in brain tissue (region of interest, ROI) (calculated by taken the average values from ten fields at 10 × magnification) for each prefrontal cortex area by using ImageJ software).




2.6. Electron Microscopic Examination of the Prefrontal Cortex


Prefrontal cortex specimen was prepared for examination with an electron microscope immersed in 2.5% gluteraldyhyde in phosphate buffer. After that, the specimen was washed with phosphate buffer and fixed in osmium tetroxide 1% and then dehydrated with ascending ethanol scales (100%, 95%, and 70%) and embedded in ebox resin capsules, staining it with toluidine blue and examining it by light microscope to localize the selected area. Then, we cut ultrathin sections with a diamond knife on grids of copper and staining it with uranyl acetate then lead citrate [26]. Lastly, we examine the grids and photographed it with JEOL-JEM-100 SX electron microscope, Japan at 80 kilo vol (Jeol Ltd., Tokyo, Japan) at electron microscope unit of Faculty of Agriculture, Mansoura University.




2.7. Statistical Analysis


Statistical assessment was performed using GraphPad Prism-6, GraphPad Software, San Diego, California. The significant differences between groups were evaluated by one-way ANOVA using the Duncan test as a post hoc. Results are expressed as mean ± SEM. All values at p < 0.05 were considered statistically significant.





3. Results


3.1. Oxidative Stress Markers (MDA, GSH) Level in Nicotine-Exposed Rat’s Prefrontal Cortex with Combined Treatment with Ginger and Cinnamon Oils


The MDA level significantly increased in the prefrontal cortex of nicotine-exposed rats in relation to the control group; in nicotine-exposed rat groups treated with cinnamon and ginger oils separately, there was a mild to moderate decrease in the level of MDA compared to nicotine group, which is more evident with ginger administration then cinnamon; however, there is a marked decrease in the MDA level in the combined (cinnamon + ginger) treated group compared to the nicotine group, (p ˂ 0.05) (Table 1) (Figure 1A). In the same context, the levels of the GSH significantly decreased in the nicotine-exposed prefrontal cortex compared to control rats, but the treatment with combined herbs significantly increases the level in relation to the nicotine group (p ˂ 0.05) (Table 2) (Figure 1B). In addition, there is an increase in GSH by the treatment of cinnamon and ginger separately but less significant compared to nicotine group.




3.2. Morphological Changes in Prefrontal Cortex under Combined Treatment of Ginger and Cinnamon Oils


By examining the control group rats’ prefrontal cortex under a light microscope, we found normal pyramidal neurons, glial cells and blood vessels (Figure 2A) with normal neuronal structure, large euchromatic nucleus, and prominent nucleolus beside normal cytoplasmic organelles under electron microscope (Figure 3A), by the exposure of rats to nicotine in the prefrontal cortex showed marked damage in the form of pyramidal cells shrinkage and apoptosis with congestion of blood vessels (Figure 2B,C) with marked ultrastructural changes in the form of pyknosis of neuronal nucleus with shrunken irregularity of mitochondria, few mitochondrial swollen, and disintegration of nissl granules (Figure 3B,C). This degenerative change in the nicotine group was greatly improved by treatment with the combination of ginger and cinnamon oil in the form of a near-normal appearance of pyramidal neurons, glial cells and blood vessels (Figure 2F) with normal ultrastructural appearance of neuron with euchromatic nucleus, numerous free ribosomes (nissl granules) and normal cytoplasmic organelles (Figure 3F); however, the prefrontal cortex of cinnamon and ginger groups also shows some degenerative changes in the form of pericellular oedema and congestion of blood vessels (Figure 2D,E) with mild ultrastructure change in the form of reduction in nuclear size with intranuclear vacuoles and chromatin clumping and nuclear membrane wrinkling (Figure 3D,E).




3.3. Effects of Combined Cinnamon and Ginger Oils on Proinflammatory Cytokines Marker (TNF-α) in Brain Tissues


By examining the prefrontal cortex with TNF-α immunostaining, we found that control rats show a normal negative cytoplasmic expression (Figure 4B) which significantly increased in nicotine-exposed prefrontal cortex (Figure 4C) in comparison to the control group (p ≤ 0.05) by image analysis (Figure 4A). This increase in the immunoexpression of TNF-α markedly decreased with treatment by combination of cinnamon and ginger oils (Figure 4F) which was significant in the nicotine group (p ≤ 0.01); thus, combined treatment greatly improved the inflammation that occur in prefrontal cortex of chronic nicotine-exposed rats, and at the same time, TNF-α immunoexpression in cinnamon- and ginger-treated groups separately moderately decreased (Figure 4D,E) but was not significant in the diabetic group (Figure 4A). By these results, we confirmed that the combination of cinnamon and ginger oils have a more powerful anti-inflammatory effect on nicotine-exposed prefrontal cortex than when we use cinnamon and ginger oils separately.




3.4. Combined Effect of Cinnamon and Ginger Oils on Marker of Astrogliosis GFAP in Brain Tissues


In our study, we found that the immunostaining of the prefrontal cortex with GFAP show a mild positive reaction in control group (Figure 5B); while in nicotine group, there are strong astrocytic positive reactions (Figure 5C), which are significant when compared to control group by region of interest (p ≤ 0.01) (Figure 5A). This indicates that chronic nicotine exposure is a good stimulant for glial astrocytes producing brain gliosis affecting the planning and cognitive function of the prefrontal cortex. This increase in expression of GFAP produced by nicotine greatly improved by the combined treatment with ginger and cinnamon oil (Figure 5F), which is significant in nicotine-exposed brain tissues (p ≤ 0.01) (Figure 5A). In addition, the expression of GFAP is moderately decreased in the prefrontal cortex of cinnamon and ginger oils groups (Figure 5D,E) but less significantly in relation to the nicotine group (Figure 5A). From these results, we confirm that combined treatment as a powerful antioxidant improves astrogliosis which results in chronic nicotine exposure and affecting on the brain function.





4. Discussion


By studying the combined effect of cinnamon and ginger oil on the prefrontal cortex which was exposed to nicotine, we found that (A) chronic nicotine administration disturbs the prefrontal cortex neuronal morphology, which is associated with increased neuronal oxidative stress, inflammation, and neuronal gliosis markers. (B) Treatment with combined ginger and cinnamon oils significantly improves the previous markers through its antioxidative stress propriety.



Several studies were performed on the chronic effect of nicotine on prefrontal cortex, and because of its effect on learning and memory processes, there are many controversies. The authors of [25,27,28,29,30,31] found a great improving effect of nicotine on learning and memory impairment, while [32,33,34] did not find any negative effect. This difference between researchers may be due to dose, time of treatment, and the change in methods of exposure and animal strains used.



The present study targeted the prefrontal cortex, because the research conducted by [30] found that the major destructive effect of chronic nicotine exposure on the brain is on the dopaminergic system, which forms major part of prefrontal cortex. These findings were confirmed by the study performed by [11], which found that the chronic nicotine administration change the neuronal morphology of CA1 region in male albino rats, and [35] also found that the chronic use of electronic cigarette smoking increased the number of necrotic cells in the prefrontal cortex; the authors of [36] have found that chronic nicotine exposure decreases nitric oxide, which leads to sever vasoconstriction and thus decreases the brain blood supply with its glucose and oxygen, causing a disturbance of the metabolic function and energy of the brain leading to necrosis of nerve cells.



Our study confirmed that chronic nicotine exposure greatly affects the oxidative stress scavenging system in the form of increasing the MAD level, which is an indicator of lipid peroxidation and also marked a decrease in the level of GSH. This finding is in agreement with [37] who found that chronic exposure to nicotine stimulates brain lipid peroxidation leading to the elevation in the level of MDA, which leads to damage of the lipids of the brain. In addition, the study conducted by [38] gives the explanation of decreasing the level of GSH due to its consumption in nicotine detoxification mechanism. Our study is the first study to prove that the beneficial synergetic effect of cinnamon and ginger oils on oxidative stress in the prefrontal cortex, which was chronically exposed to nicotine, may be due to the combined its polyphenols content. This is consistent with [39] who confirmed the beneficial antioxidant effect of ginger separately and also with [40] who studied the antioxidant effect of ginger on acetaminophen overdose, but in our study, we found that the combination of cinnamon and ginger has significant improvement in oxidative stress markers, compared to cinnamon and ginger when used separately.



The results of the present study confirm the destructive effect of nicotine on the morphology of the prefrontal cortex neuron in the form of shrinkage and apoptosis in pyramidal neurons with congestion of the blood vessels by light microscope. Under an electron microscope, we found pyknosis of the neuron nucleus, with swelling in the mitochondria and destruction of nissl granules. These results are in agreement with [29], who found that chronic exposure of the medial frontal cortex to nicotine causes pyknosis in the pyramidal cells in the form of pyknosis of nuclei, vacuolation of cytoplasm and condensation of nuclear chromatin with indentation of nuclear membrane. In our study, treatment of nicotine-exposed rats with combined cinnamon and ginger oils greatly improved the brain morphology compared to separate treatment with cinnamon and ginger oils. This may be due to its synergistic antioxidant effect, which improves the inflammation and acetyl choline expression in the prefrontal cortex, as is consistent with [18,28], who found that the usage of ginger oil greatly improves the histomorphological changes and apoptosis produced by diabetes-induced oxidative stress on the prefrontal cortex due to its powerful antioxidant property. In addition, the authors of [41] study the synergetic effect of ginger and cinnamon together on spermatogenesis in diabetic rats due to its powerful antioxidants effect.



In addition, in the present study, the immunoexpression of proinflammatory cytokines, especially tumor necrosis factor TNFα, increased in nicotine-exposed rats. This is in agreement with [42], who found that the acute exposure of rats’ prefrontal cortex to nicotine in the form of 30 days of exposure to four cigarettes/day increases the expression of TNFα. This explained that the oxidative stress produced by chronic nicotine exposure produces neuroinflammation; this expression of TNFα was significantly improved by combined treatment with cinnamon oil and ginger oil, as is consistent with [43], who found that treatment with ginger improves TNFα expression in diabetic rats’ prefrontal cortex. The author explained this by the anti-inflammatory property of ginger, which inhibits diabetes reactive oxygen species production. In addition, [44] found that phenol, which is cinnamon antioxidant metabolite, crosses the blood–brain barrier blocking the activation of inflammatory cascades and optimizing the viability of serotonin neuronal cells.



Our results show strongly significant GFAP expression in the astroglial cells of the prefrontal cortex of nicotine-exposed rats. These findings are in line with [45], who stated that intraperitoneal injection of nicotine producing marked the increase in GFAP expression in rat’s cerebral cortex. The authors gives the explanation for it by stating that glial cells have a large number of nicotinic acetyl choline receptors, which is stimulated by chronic exposure to nicotine, leading to overproduction of GFAP and reactive gliosis. In addition, [46] found that reactive oxygen species have a role in regulation, triggering the astrogliosis. Combined treatment of rats with both cinnamon and ginger oil decreases expression of GFAP, which is in agreement with previous studies conducted by [47,48], which proved that the treatment of diabetic rats with ginger improves oxidative stress-induced reactive gliosis. This suggests that ginger prevents reactive gliosis possibly by reducing the damaging effects of reactive oxygen species in the central nervous system.




5. Conclusions


The administration of ginger and cinnamon oil showed synergistic effects, as compared to each single herb, in improving the effect of nicotine on the prefrontal cortex through its antioxidant anti-inflammatory and neuroprotection. We suggest that the usage of ginger and cinnamon with other polyphenol-containing herbs such as onion to improve nicotine-induced oxidative stress to maximize the antioxidant defense.
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Figure 1. A, B: Brain oxidative stress markers (1A) MDA concentration (nmol/g brain tissue), (1B) glutathione (GSH) (mmol/brain tissue). * significantly different from the control group; # significantly different from other group p value = 0.05. 
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Figure 2. Histopathological examination of the prefrontal cortex of brain stained with H&E. (A) Prefrontal cortex specimen from control group showing normal pyramidal neurons (N) (black arrow), glial cells (G) (white arrow) and blood vessels (red arrow), (B) prefrontal cortex specimen from nicotine group showing marked damage characterized by shrinkage (blue arrowheads), apoptosis (black arrowheads) in pyramidal neurons with congested blood vessels (red arrowhead), (C) prefrontal cortex specimen from nicotine + cinnamon oil group showing mild damage characterized by pericellular edema (green arrowheads), (D) prefrontal cortex specimen from nicotine + ginger oil group showing mild damage characterized by congested blood vessels and perivascular edema (red arrowheads), and (E) prefrontal cortex specimen from the nicotine+cinnamon oil+ginger oil group showed an improved histological appearance of pyramidal neurons (N) (black arrow), glial cells (G) (white arrow), and blood vessels (red arrow). H&E X: 400 bar 50. 
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Figure 3. Representative TEM micrograph of brain ultrathin section from different treatment. (A) Control brain showing normal neuronal structure with a large euchromatic nucleus and prominent nucleolus beside normal cytoplasmic organelles. (B) Nicotine-exposed brain showing pyknosis of neuronal nucleus (thick arrow) with few mitochondrial swollen (arrowhead). (C) Nicotine-exposed brain showing necrotic neuron with severe, more pyknotic nucleus, disintegration of nissl granules (thin arrow), and shrunken irregularity of mitochondria (arrowhead). (D) Ginger-oil-exposed brain showing mild ultrastructure change in neuronal nucleus with chromatin clumping and nuclear membrane wrinkling (thick arrow). (E) Cinnamon-oil-exposed brain showing mild reduction in nuclear size with intranuclear vacuoles (thick arrow). (F) Combined group showing normal ultrastructural appearance of neuron with euchromatic nucleus (N), numerous free ribosomes (nissl granules) (Ni), and normal cytoplasmic organelles. Scale bar  =  5 μm. 
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Figure 4. The expression of TNF-α by immunostaining in different groups. (A) Graphs of ROI of the expression of TNF-α in different groups. (B) Brain specimens showing normal expression of TNF-α neurons of prefrontal cortex (control group), (C) marked strong positive reaction of TNF-α in prefrontal cortex neurons (black arrows) (nicotine group), (D,E) moderate expression of TNF-α in prefrontal cortex neurons (black arrows) (nicotine+ cinnamon oil and nicotine + ginger groups), and (F) negative expression of TNF-α in prefrontal cortex neurons (nicotine+ cinnamon oil +ginger oil group). * Significantly different from the control group; # significantly different from other group p value = 0.05. X: 400 bar 50. 
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Figure 5. The expression of GFAP by immunostaining in different groups. (A) Graphs of ROI of the expression of GFAP in different groups. (B) Brain specimens showing mild expression of GFAP in astroglial cells of prefrontal cortex (black arrow) (control group). (C) Marked strong positive brownish reaction of GFAP in prefrontal cortex astroglial cells (black arrows) (nicotine group). (D,E) Moderate expression of GFAP in prefrontal cortex glial cells (black arrows) (nicotine + cinnamon oil and nicotine + ginger groups), and (F) mild expression of GFAP in prefrontal cortex astroglial cells (nicotine + cinnamon oil + ginger oil group). * Significantly different from the control group; # significantly different from other group p value = 0.05. X: 400 bar 50. 






Figure 5. The expression of GFAP by immunostaining in different groups. (A) Graphs of ROI of the expression of GFAP in different groups. (B) Brain specimens showing mild expression of GFAP in astroglial cells of prefrontal cortex (black arrow) (control group). (C) Marked strong positive brownish reaction of GFAP in prefrontal cortex astroglial cells (black arrows) (nicotine group). (D,E) Moderate expression of GFAP in prefrontal cortex glial cells (black arrows) (nicotine + cinnamon oil and nicotine + ginger groups), and (F) mild expression of GFAP in prefrontal cortex astroglial cells (nicotine + cinnamon oil + ginger oil group). * Significantly different from the control group; # significantly different from other group p value = 0.05. X: 400 bar 50.
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Table 1. MDA level in nmol/gm in the brain tissue of the different groups.
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	Group
	Control
	Nicotine
	Nicotine + Cinnamon
	Nicotine + Ginger
	Nicotine + Cinnamon + Ginger





	Mean ± SEM
	2.317 ± 0.065
	13.381 ± 0.060 *#
	9.850 ± 0.076 *#
	8.250 ± 0.067 *#
	4.217 ± 0.135 *#







* Significantly different from the control group; # significantly different from other group p value = 0.05.
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Table 2. GSH level in mmol/gm in the brain tissue of the different groups.
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	Group
	Control
	Nicotine
	Nicotine + Cinnamon
	Nicotine + Ginger
	Nicotine + Cinnamon + Ginger





	Mean ± SEM
	22.13 ± 0.125
	6.533 ± 0.108 *#
	8.421 ± 0.091 *#
	10.431 ± 0.061 *#
	19.28 ± 0.070 *#







* Significantly different from the control group; # significantly different from other group p value = 0.05.
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