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 Abstract: Neurodegenerative diseases have long been linked to Cigarette Smoke (CS). The goal of this study was to 

examine the neurotoxicological effects of CS on rat brains as well as any potential ameliorative benefits of genistein 

as a neuroprotective agent.  A total of 24 adult male Wistar rats were divided into 4 different groups. Group I served 

as control; group II was CS Exposed (Rats are exposed to side stream CS twice daily, the duration of each exposure 

was 3 h with an interval of 10 min between each cigarette, using 8 to 10 cigarettes per day); group III received: both 

CS Exposure and Gen (Genistein dissolved in cremophor EL orally, 10 mg/kg BW orally); Group IV received Gen 

(Genistein alone dissolved in cremophor EL orally, 10 mg/kg b.w./day). Rats treated with CS poisoning developed 

biochemical and histological abnormalities. The levels of enzymic and non-enzymic antioxidants as well as neuronal 

enzymes like acetylcholinesterase, creatine kinase, and Lactate Dehydrogenase within the brain and serum of 

treated rats were significantly improved by genistein, which also significantly reduced the elevation of lipid 

peroxidation and normalized the CS impact. Histology data further supported the findings that CS therapy resulted 

in neurodegenerative changes and that soy isoflavones genistein act as antioxidants and neuroprotective agents 

against CS toxicity. Therefore, Genistein should be a part of a healthy diet to prevent or reduce neurological diseases 

caused by long-term exposure to CS. 
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Introduction 

In spite of initiatives to reduce its usage, cigarette 

smoke is the most often used licit substance 

globally. Cigarette smoking has a lot of seriously 

detrimental impacts on one's health, even though 

the usage of tobacco has been seen to be 

increasing. (CDC, 2000). Despite the fact that there 

are 4000 distinct components of nicotine found in 

cigarettes, nicotine is the most common alkaloid in 
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tobacco (Djordjevic et al., 1989, Benowitz 1996). 

While around 6 million individuals each year 

perish away from illnesses brought on by passive 

(second-hand) or active (cigarette) exposure to 

cigarette smoke (WHO, 2016). The CDC (2021a) 

estimates that smoking-related illnesses claim the 

lives of more than 7 million people worldwide and 

more than 16 million Americans each year (WHO, 

2017). By 2030, it is predicted that if current 

worldwide smoking trends continue, more than 8 

million people will per year pass away from 

diseases linked to tobacco smoke (CDC, 2021a). By 

the year 2025, 30% of men and 8% of women 

worldwide will smoke, according to a WHO global 

assessment of trends in tobacco use. It has been 

shown that long-term smoking contributes to BBB 

(Blood-brain barrier) failure by triggering 

inflammatory, oxidative, and immunological 

reactions that promote the development and 

spread of cerebrovascular and neurodegenerative 

diseases. 

Due to their advantageous effects on brain 

function, isoflavones -- a subgroup of the 

polyphenolic chemical family known as flavonoids 

and found in large quantities in food sources-- 

have drawn a growing amount of interest (Lee et 

al., 2005; Vauzour, 2012; Moosavi et al., 2015). A 

number of the pathogenic processes connected to 

neurodegeneration have been demonstrated to be 

modulated by genistein (4',5,7-trihydroxy-

isoflavone), one of the main isoflavones found in 

soy and soy products (Devi, 2017, Oliveira, 2016, 

Uddin et al., 2019). 

The high concentration of lipids in the brain 

makes it susceptible to oxidative radical damage 

while being exposed to CS. According to recent 

research, oxidative damage caused by free radicals 

in several organs may be linked to smoking-

related illnesses. Of course, smoking Reactive 

Oxygen Species (ROS) are the main free radicals 

found in smoke, which is a complicated 

environment (Pryor, 1997). Numerous 

components in cells, such as membrane lipids, 

proteins, carbohydrates, and DNA, are known to 

suffer oxidative damage as a result of ROS 

(Halliwell, 1987). The oxidation of protein thiols 

and lipid peroxidation (LPO) are both increased by 

smoking, and the levels of protein carbonyl (PCO) 

are also said to be altered (Frei et al., 1991, 

Reznick et al., 1992). Passive cigarette smoke has 

also been linked to several illnesses in previous 

research, according to many of them (Menzies et 

al., 2006, Beadsmoore      et al., 2007, Metsios et al., 

2007). According to a recent assessment by the 

International Agency for Research on Cancer, 

involuntary smoking (passive smoking) increases 

the chance of developing lung cancer by 20% for 

women and 30% for men who have never smoked 

(IARC 2004). The objective of the current study 

was to determine the toxicological effects of CS on 

rat brains. To lessen or suppress the cytotoxic 

effects of CS on the neurological system, the study 

may also be expanded to examine the role of 

Genistein as a protective agent with antioxidant 

properties. We identified markers for oxidative 

stress and neuronal enzymes. The biochemical 

findings may be confirmed by looking at 

histopathological analyses of rat brain tissue. 

Materials and Methods 

Chemicals: 

Genistein was bought from TCI, and Cremophor EL 

was bought from Sigma-Aldrich Co. (St. Louis, MO, 

USA). The only other substances and reagents that 

were employed in this study were of analytical 

grade. The cigarettes were purchased from a local 

store, Vaniyambadi. The same brand of locally 

available cigarette will be used throughout the 

experiment (Scissors Standard). 

Animals: 

Adult male albino Wistar rats weighing 200g-250 

g were obtained from Saveetha Dental College, 

Chennai, India. Animals were separated and 

allowed to adapt for a week prior to 

experimentation. Water and feed were supplied. 

Six animals were housed per cage and maintained 

on a 12/12 h/day and night cycle in a temperature 

and humidity-controlled room. The rats were fed 

with a commercial pellet diet (Chennai, India). All 

animals were allowed free access to feed and 
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water ad libitum throughout the study. The 

Ministry of Social Justice and Empowerment of the 

Government of India, as well as the Institutional 

Animal Ethics Committee Guidelines, were 

followed for conducting the studies (Approval No. 

BRULAC/SDCH/SIMATIC/IAEC/02-2018/004). 

Experimental Design: 

The toxicity of CS was evaluated by a literature 

study and Rats were divided into four groups, each 

consisting of six animals. 

Group I - Control rats (Rats received no treatment 

and served as a control group) 

Group II - Rats induced with Cigarette smoke (Rats 

are exposed to sidestream cigarettes    (CS)  twice 

daily for a total of 3 h, with a 10-min gap between 

each cigarette (equivalent to 8–10 cigarettes per 

day) for 12 weeks as described by                          

Gokulakrishnan et al. (2013) 

Group III- Drug-alone rats (Genistein alone 

dissolved in Cremophor EL orally (10 mg/kg                            

b.w. /day) (Maryam Bagheri et al., 2010) 

Group IV- Rats exposed to CS and simultaneously 

administered Genistein dissolved in Cremophor 

EL orally for 12 weeks (10 mg/kg b.w. /day). 

When the experiment was complete, the 

animals were killed by cervical decapitation after a 

24 h fast. The blood sample was collected from the 

jugular vein for serum isolation. For biochemical 

examination, the blood samples were centrifuged 

at 5000 rpm for 20 min at 4℃, the serum was 

separated for biochemical investigation using 

Biosystem BTS 350 Biochemistry analyzer. The 

brain tissue from the experimental rats was 

carefully removed and rinsed with ice-cold. 

phosphate buffer 1 M (pH 7.4). At 4℃, the 

homogenate was centrifuged for 20 min at 3000 

rpm. For biochemical examination, the 

supernatant was aliquoted and kept at -20℃. Parts 

of the brains had been preserved in a 10%neutral 

buffered formalin solution for histopathological 

study. 

Biochemical investigations in the brain tissues: 

Superoxide dismutase SOD ( Misra and Fridovich, 

1972), catalase CAT (Takahara et al., 1960), 

glutathione peroxidase GPx (Rotruck et al., 1973), 

glutathione reductase GR (Staal et al., 1969), and 

non-enzymatic antioxidants reduced glutathione 

GSH (Ellman, 1959), vitamin C (Omaye et al., 

1979), and vitamin E (Desai,  1984) were 

estimated using the serum. The brain tissue 

homogenate was analysed for lactate 

dehydrogenase (LDH) using the method of King 

(1965), and creatine kinase by using the method of 

Hall and Deluca (1976). Malondialdehyde (MDA) 

was measured to estimate the amount of lipid 

peroxidation using the method described by Slater 

(1984). The method of Ellman et al. (1961) was 

used to measure the activity of AChE in the 

homogenate. 

Histopathological studies: 

To assess the histomorphological alterations in 

several experimental groups, brain tissues were 

inspected. Brain tissue samples were obtained and 

preserved in 10% formaldehyde for 24 h. 

Hematoxylin and eosin were used to stain some 

sample sections, and these sections were then 

viewed using a high-power light microscope. 

Statistical analysis: 

Standard Error Mean values were used to 

represent the results of various biochemical 

investigations (S.E.M). A one-way analysis of 

variance was used in the statistical analysis of the 

comparisons between the parameters of the 

experimental group and the control group 

(ANOVA). When the p-value was P0.05, differences 

were deemed to be meaningful. Statistical analysis 

was carried out using the Statistical Package for 

the Social Sciences Program, and all graphs were 

obtained using Microsoft Excel (SPSS, version 

25.0). 

Results  

Effect of Genistein on lipid peroxidation:  

Malondialdehyde (MDA), a byproduct of lipid 

peroxidation, was analysed in the homogenate of 

the  brains  of  control   and   experimental   rats  to  



401 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Number of lipid peroxides in the brain tissues of rats in the control and experimental groups. Each value 

represents mean ± SD (n=6). These statistically significant differences are contrasted: CS-induced vs. control; CS 

exposed vs. CS exposed + Genistein-treated; *denotes P<0.05, NS denotes non-significant. 

 

Table 1: Effect of CS and Genistein on the activities of SOD, CAT, GPx, GST, and GR in the serum of control and 

experimental rats 

 

Units: SOD - 50% inhibition of epinephrine auto-oxidation/min/mg protein; CAT - mole 

H2O2consumed/min/mg protein; GPx - g of GSH consumed/min/mg protein; GST - moles of 1-chloro-2, 4-

dinitrobenzene formed/min/mg protein; and GR - g GSSH utilized. Each value represents mean ± SD (n=6). The 

following comparisons are made between statistically significant variations: CS exposed vs. control; CS exposed 

+ Genistein treatment vs. CS-exposed; *indicates P < 0.05 and NS indicate non-significant. 

 

assess the potential effects of oxidative stress. 

Comparing the rats who smoked cigarettes with 

the control rats, there was a substantial rise in the 

MDA levels (Fig.1). Genistein treatment for CS rats 

reduced the mean MDA concentration to values 

that were almost identical to those observed in 

control rats, most likely through reducing lipid 

peroxidation in the brain. When compared to 

control rats, Genistein-only treated rats did not 

exhibit any appreciable changes in MDA levels 

(Fig. 1). 

Effect of Genistein on enzymic antioxidant: 

Table   1  demonstrates   the   antioxidant   enzyme  

Enzymic Antioxidant  (Serum) 

 Control CS GEN CS + GEN 

SOD 4.82 ± 0.42 2.53 ± 0.53* 5.08 ± 0.37NS 4.03 ± 0.41* 

CAT 86.19 ± 6.81 57.68 ± 11.76* 89.74 ± 6.53NS 72.36 ± 10.17* 

GPx 6.81 ± 0.68 3.99 ± 0.89* 6.35 ± 0.56NS 5.63 ±  0.58* 

GR 2.01 ± 0.15 0.72 ± 0.17* 2.30 ± 0.15NS 1.51 ± 0.18* 

GST 13.11 ± 1.13 7.41 ± 1.50* 13.42 ± 0.93NS 9.98 ± 1.39* 
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Fig. 2: Levels of GSH, Vitamin C, and Vitamin E in the serum of experimental and control rats. Each value 

represents mean±SD (n=6). These statistically significant differences are contrasted: CS-induced vs. control; CS 

exposed vs. CS exposed + Genistein-treated; *denotes P<0.05, NS denotes non-significant. 
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Fig. 3: Influence of CS and Genistein on the activities of LDH, CK, and AchE in the brain tissue homogenates of 

experimental and control rats. Each value represents mean±SD (n=6). These statistically significant differences 

are contrasted: CS-induced vs. control; CS exposed vs. CS exposed + Genistein-treated; *denotes P<0.05, NS 

denotes non-significant. 
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Fig. 4: Impact of CS and Genistein on histological structure of rat brain HE x 100.  The cortex of CS exposed 

neurotoxicity had atypical cellular morphology and hydropic degenerative modifications; the architecture of the 

cortex in the CS rat brain (cortex) after treatment with genistein was near to normal, and hydropic degenerative 

alterations were diminished (C). No abnormal alterations to the cortex were seen in normal rats given genistein 

treatment. 

 

activity of the control and experimental rat groups 

(SOD, CAT, GPx, and GR). In the CS exposed group, 

a substantial decline in antioxidant status was 

seen. These modifications show how the 

antioxidant level of the CS exposed group is 

declining. Genistein treatment caused antioxidant 

levels to significantly increase toward the control 

range, demonstrating that it has a protective 

impact against oxidative stress caused by smoking. 

Effect of Genistein on non-enzymic antioxidant: 

Measurements of non-enzymatic antioxidant 

systems have also been used to determine the 

protective mechanism against CS-related free 

radical-induced harmful oxidative damage to cells. 

When compared to the levels in control rats, the 

serum of CS exposed rats had considerably lower 

amounts of GSH, vitamin C, and vitamin E (Fig. 2). 

The levels of GSH, vitamin C, and vitamin E 

significantly increased after Genistein 

administration to CS exposed rats and returned  

 

close to the levels of control rats. Comparing 

treated rats with Genistein alone to control rats, 

these levels were not noticeably different. (Fig.  2). 

Effect of Genistein on LDH, CK and AchE:  

In contrast to the control group, LDH and CK 

activity was considerably (P <0.05) higher in rat 

brains treated with CS, indicating that treatment 

with Genistein corrected the aberrations of the 

LDH and CK enzyme. CS and Genistein have 

various impacts on tissue AChE activity, as 

depicted in Figure 3. In brain tissue homogenate, it 

was noticed that AChE activity varied considerably 

between the experimental groups. AChE inhibition 

activity was highest in the CS exposed rat (group 

II) when compared to control (group I), although 

Genistein administration's neuroprotective effects 

caused recovery that was near to control values. 

Effect of Genistein on histopathology of the brain: 

Figure  4  shows  histopathological observations of  
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the control and experimental rats' brains. The 

control rat's brain exhibited no pathological 

alterations, but the CS exposed rat's brain 

displayed hydropic degenerative alterations (Fig. 

4A, B). The architecture of the CS exposed rat 

brain after Genistein treatment was close to 

normal, and hydropic degenerative alterations 

were reduced (Fig. 4D). Normal rats treated with 

Genistein did not exhibit any pathological changes 

in the brain (Fig. 4C). 

Discussion 

Smoking cigarettes is linked to a rise in the 

amount of lipid peroxidation in the brain (Luchese 

et al., 2009). Lipid peroxidation, which manifests 

in ischemia injuries, neurotrauma, and 

neurological diseases, is a substantial contributor 

to neuronal damage (Coyle and Puttfarken, 1993). 

MDA is one of the primary degrading byproducts 

of lipid peroxidation and is utilized as a measure 

of oxidative tissue damage. Smoking cigarettes is 

thought to accelerate the breakdown of membrane 

lipids, which then results in the production of 

peroxide radicals (Pryor and Stone, 1993; 

Anbarasi et al., 2005). According to the current 

study, this breakdown of membrane lipids may 

have contributed to the observed rise in MDA 

levels in the brains of CS exposed rats as compared 

to control rats. The elevated levels of MDA in the 

CS exposed rats may potentially be related to 

insufficient antioxidant levels that were needed to 

scavenge peroxy radicals produced by smoking 

cigarettes. This study  derives support from earlier 

reports which also observed similar findings 

(Anbarasi et al., 2005; Ozkol et al., 2012). Free 

radicals can damage lipids, therefore antioxidants 

are crucial for preventing their generation as well 

as for containing some of the harmful effects of 

ROS. MDA concentrations in the brain of CS 

exposed rats treated with genistein significantly 

dropped. These findings imply that genistein can 

lower the free radicals caused by smoking       

while also supporting normal cellular activity.      

Previous studies (Maulik et al., 2012, Zhang           

et al., 2013) have demonstrated the positive 

impact  of  genistein  on  antioxidant  enzymes  in a  

neurotoxic environment. 

In response to oxidative stress, antioxidant 

enzyme levels are raised to deal with the massive 

increase in ROS generation (Gutteridge and 

Halliwell, 1994). Due to an adaptive response, 

acute cigarette smoke exposure increases the 

synthesis of these antioxidant enzymes, which 

helps to reduce the harm caused by cigarette 

smoke (Hilbert and Mohsenin, 1996). Following a 

12-week exposure to cigarette smoke, an increase 

in the activity of antioxidant enzymes has been 

seen (Baskaran et al., 1999). Although a decrease 

in the quantities of these enzymes suggest that 

chronic exposure to cigarette smoke appears to 

overwhelm the human tissues' adaptive response 

(Hulea et al., 1995). Our findings support the 

findings mentioned above, demonstrating lower 

superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GPx), and glutathione 

reductase (GR) activity in smoke-exposed rat 

serum. 

The first enzyme in antioxidant defense, SOD 

scavenges superoxide radicals to produce H2O2 

and so lessens the radical's damaging effects. It is 

possible for the quinone-semiquinone radicals in 

tar-phase cigarette smoke to convert molecule 

oxygen into superoxide radicals, whose excessive 

production renders this enzyme inactive (Duthie 

and Arthur, 1994). Therefore, tar phase oxidants' 

deactivation of SOD could have caused a decrease 

in SOD activity after smoke exposure. 

CAT is involved in the detoxification of high 

concentrations of H2O2, whereas GPx is sensitive 

to lower concentrations. The serum contains 

fewer CAT levels and hence GPx has a major role 

in quenching H2O2 and other peroxides which 

otherwise will lead to the production of hydroxyl 

and peroxyl radicals in the presence of iron (Bast 

and Barr, 1997; Gutteridge and Halliwell, 1994). 

Inhibition of CAT activity in rat brains and liver by 

cigarette smoke has been reported (Mendez-

Alvarez et al., 1998). The presence and production 

of free radicals from smoke lower this enzyme, 

leading to the accumulation of H2O2 and lipid 

hydroperoxides further worsening the damage 
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(Pryor, 1997). During acute smoke exposure, an 

increase in CAT activity was observed by Baskaran 

et al. (1999). 

In contrast to GPx, which is sensitive to lower 

quantities of H2O2, CAT is engaged in the 

detoxification of high concentrations of H2O2. Since 

CAT levels in the brain are lower than in other 

tissues, GPx plays a critical function in scavenging 

H2O2 and other peroxides that, absent GPx, would 

otherwise produce hydroxyl and peroxyl radicals 

when the iron is present (Gutteridge and Halliwell, 

1994; Bast and Barr, 1997). There is evidence that 

cigarette smoke reduces CAT activity in rat brains 

and livers (Mendez-Alvarez et al., 1998). Smoke's 

free radicals inhibit this enzyme and produce 

more of them, which worsens the damage by 

causing H2O2 and lipid hydroperoxides to build 

up (Pryor, 1997). A rise in CAT activity was 

noticed by Baskaran et al. (1999), during acute 

smoke exposure. The present study's finding that 

CAT activity has decreased shows that the host's 

antioxidant defenses are unable to adequately 

counteract the oxidative damage caused by 

repeated exposure to cigarette smoke.  

When CAT activity is insufficient to handle 

oxidative stress, an increase in GPx activity is 

anticipated. The lack of an increase in GPx activity 

following smoke exposure in our study suggests  

that this is due to a drop in GSH levels, which are 

necessary for the conjugation of lipid peroxides. 

According to Gutteridge and Halliwell (1994), GR 

is a crucial enzyme for maintaining the 

intracellular content of reduced glutathione, hence 

smoke exposure may have decreased GR activity 

since there was less GSH available. 

The current investigation demonstrated that 

genistein administration significantly increased 

antioxidant status while maintaining low oxidant 

levels, providing neuroprotective effects against 

CS exposed damage. Sonee et al. (2004) first 

reported that genistein can prevent oxidative 

damage by acting as an antioxidant. As a result of 

genistein's free radical scavenging and antioxidant 

processes, these levels were dramatically lowered 

in rats given the supplement (Wei et al., 1993; 

Arora et al., 2000;). Its capacity to traverse the 

blood-brain barrier, the presence of processes 

similar to those found in estrogen, and a longer 

half-life inside the human system are all factors 

contributing to this protective mechanism (Chang 

et al., 2000). 

Rats exposed to cigarette smoke had lower 

GST activity in their serum, it was discovered. The 

findings of earlier studies are consistent with the 

results of the present study (Ozkan et al., 2007). 

Lower GSH concentrations and higher levels of 

lipid peroxidation in CS exposed rats may be the 

cause of the GST's reduced action. Following 

genistein administration to CS exposed rats, serum 

GST activity was found to be enhanced. In CS 

exposed rats, brain GSH levels may have been 

higher, which may account for the enhanced GST 

activity. Additionally, the enhanced activity of GST 

may hasten the interactions of the ROS and 

aldehydes with GSH to produce fewer harmful 

conjugates that enter the serum. Rats treated with 

CS had lower serum G6PDH activity. The lungs, 

heart, liver, kidney, and other organs of CS rats 

showed a similar outcome (Ramesh et al., 2007; 

Ramesh et al., 2008; Ramesh et al., 2010). GSH 

regeneration was hindered because G6PDH 

activity was reduced. By generating more reducing 

equivalents and converting more oxidized 

glutathione into reduced glutathione, genistein 

administration in CS exposed rats showed 

enhanced G6PDH activity. 

In the present study, the CS exposed group had 

decreased levels of the non-enzymic antioxidants 

(GSH), Vitamin C, and Vitamin E (Rani and 

Panneerselvam, 2001). By acting as non-enzymic 

antioxidants through direct interaction of their 

sulfhydryl groups, GSH, Vitamin C, and Vitamin E 

form the first line of defense against oxidative 

damage, which inactivates oxidative stress 

(Ramesh et al., 2014). By preventing lipid 

peroxidation and interacting with lipid peroxyl 

radicals to create a non-reactive tocopherol 

radical, vitamin E protects cell membranes. 

Vitamin E is renewed by vitamin C (Kallner et al., 

1981). In this study, genistein supplementation to 
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CS exposed rats preserves non-enzymic 

antioxidants, reduces oxidative stress, maintains 

non-enzymic antioxidant levels in CS-treated rats, 

and reduces their harmful accumulation in tissue. 

In this study, we found that smoking-exposed 

rats had significantly higher LDH and CK activity. 

A greater degree of permeability and injury to 

neural tissue is suggested by the elevated enzyme 

levels. LDH and CK activity levels were, however, 

markedly decreased after treatment with 

genistein. This shows that Genistein, a dietary 

supplement, prevents the enzymatic changes 

caused by cigarette smoke in neural tissue. The 

anti-lipoperoxidation activity of genistein has also 

been shown to reduce the enzymes during 

morphine-induced kidney damage (Jalili et al., 

2020). 

We examined the activity of AChE to 

determine the impact of genistein on the oxidative 

stress caused by cigarette smoking in rats and to 

determine whether it is connected to the 

alternations in cholinergic enzymes in the brain. 

The brain's AChE activity was higher in the 

cigarette smoke-exposed mice. Smoking causes a 

drop in the level of acetylcholine (ACh), which may 

contribute to concentration and memory 

problems and other cognitive problems smokers 

experience (Jacobsen et al., 2005). By tonally firing 

action potentials at a rate of roughly 5 Hz, 

cholinergic interneurons maintain a continuing 

ACh signal (Zhou et al., 2002). Primarily across the 

brain, cholinergic neurons create extensive 

projections. Information flow from the prefrontal 

cortex to the nucleus accumbens is gated by 

excitatory hippocampus afferents (Goto and 

O'Donnell, 2001; Grace, 2000). 

The current investigation proved that therapy 

with Genistein reduced the neurotoxicity that 

exposure to cigarette smoke had caused in the 

rats' brains. The brain's AChE activity was reduced 

by Genistein to a normal level. Additionally, it 

should be taken into account that Genistein may 

have neuroprotective effects on these cholinergic 

system structures by reducing AChE activity in 

animal smokers. The results of the study, which 

are consistent with those of Eidi et al. (2006), have 

led to the suggestion that Genistein may prevent 

the reduction of Ach levels in the analyzed brain 

areas. 

Neuronal architecture in the brains of the 

control and Genistein-treated rats was normal. In 

the cortex of the brains of CS rats, hydropic 

degenerative alterations were found. These 

alterations could be the result of enhanced lipid 

peroxidation caused by free radicals and heavy 

metals produced in cigarette smoke. The hydropic 

degenerative alterations were lessened and nearly 

resembled those of the normal architecture in the 

CS  exposed rats after treatment with genistein. 

Genistein's neuroprotective effects may have been 

enhanced by the synergistic interactions between 

all of its constituent parts. 

Conclusion 

The biochemical and histological findings of this 

investigation demonstrated the substantial risk of 

neurotoxicity caused by cigarette smoke. Genistein 

should be explored on alternative heavy metals 

and ecologically hazardous chemicals since it 

functions as an antioxidant compound with 

neuroprotective and therapeutic effects vs CS 

toxicity. The histologic findings supported the 

biochemical analysis. It is highly recommended to 

incorporate Genistein in your diet to prevent or 

reduce the occurrence of neurodegenerative 

illnesses brought on by long-term exposure to 

cigarette smoke. 
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