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Introduction  

 The consumption of tobacco leads to several deadly illnesses, 

such as cardiovascular diseases, chronic obstructive pulmonary disease, 

and lung cancer, all of which are considered major health concerns 

worldwide.1  

It is estimated that tobacco smoke caused approximately one hundred 

million fatalities globally in the last century.2   Research suggests that 

tobacco contains over 400 chemical compounds, several of which are 

toxic and carcinogenic.3 There is a belief that cigarette smoking's 

chemical agent, nicotine, goes beyond addiction behavior, and other 

chemicals contribute to smoking-related illnesses. The liver 

metabolizes nicotine, which can affect the balance between oxidants 

and antioxidants. Nicotine stimulates the production of free radicals and 

ROS, leading to oxidative stress and potentially damaging the 

antioxidant defense system.4   

Polyphenols like curcumin (diferuloylmethane) have anti-inflammatory 

and antioxidant properties that help prevent toxin-mediated stress 

responses. They can also induce the expression of cytoprotective 

proteins, providing further protection.5 

There is a potential for curcumin to act as an antioxidant by neutralizing 

nitric oxide and promoting the continuity of antioxidant enzymes like 

catalase and superoxide dismutase. It also can decrease the lipid 

peroxidation. Moreover, Nicotine has the potential to cause oxidative 

harm to tissues and organs, and however, curcumin is known to provide 

protection against such damage.6  
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This study aims to analyze the histological and biochemical changes in 

rat tissues caused by sub-chronic waterpipe smoking. Specifically, the 

esophagus tissues were examined under a light microscope. 

Additionally, the potential protective effects of natural antioxidants, 

such as curcumin, were evaluated to prevent damage to the rat 

esophagus caused by waterpipe smoking. 

 

Materials and Methods  

Twenty-seven male Wister rats (Rattus norvegicus) that weighed 

between 150-180 g and were 6-8 weeks old were obtained from animal 

Houses at the Jordan University of Science and Technology Irbid, 

Jordan (September, 2020). The institutional research ethics committee 

from the Faculty of Allied Medical Sciences at Jadara University 

approved the study protocol and animal care procedures (MLS-R-

6/1/2020). A total of 27 rats were divided into three groups (with nine 

rats in each group) for the study. The first group was exposed only to 

fresh air and served as the negative control, while the second group was 

exposed to flavored waterpipe smoke resulting from burning 20 g of 

moassal for 30 days. Group three was exposed to waterpipe and at the 

same time treated with (40 mg/kg/day) curcumin for one month. 

 

Preparation of curcumin 

Curcumin was purchased from (Sigma-Aldrich, China) and prepared 

using phosphate-buffered saline (pH 7.2, 0.1 M). The dose of curcumin 

was 40 mg/kg/day; the solutions were contained within 1 mL disposable 

insulin syringes.6  

 

The Digital Smoking Machine  

Shraideh et al.'s digital smoking device was utilized. This apparatus is 

suitable for subjecting rats to waterpipe /cigarette smoke .7 

 

Protocol of Light Microscopy  

The tissues from the esophagus were carefully removed, thoroughly 

washed with normal saline (0.9% NaCl), and then preserved in 10% 

saline-buffered formalin for at least 24 hours. Tissues were obtained 

after overnight recovery from the last smoke exposure to ensure 

adequate fixation. Rats were sacrificed by ether anesthesia. Dehydration 
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Curcumin has been used in folk medicine for thousands of years as a food and traditional medicine. 

It is renowned for its antibacterial and antioxidant properties. This study assesses the potential 

impact of waterpipe smoking on the esophageal tissues of Wister rats (Rattus norvegicus). 

Furthermore, it aimed to investigate curcumin's efficacy in reducing cytotoxicity induced by 

tobacco smoking. A total of 27 Wister male adult rats were separated into three groups first acted 

as a control, the second group smoked, and the third group received daily intraperitoneal injections 

of 40 mg/kg of curcumin. Additionally, the rats were exposed to waterpipe smoking using a 

smoking machine for 30 days before dissecting the rat; serum samples were collected to measure 

enzyme activity. The esophagus was then isolated and prepared for light microscopy analysis. 

According to the findings of this study, it has been demonstrated that curcumin effectively 

decreased the activity of liver enzymes (AST, ALT, and LDH) which reduced the harmful effects 

of waterpipe smoking in rats. Treatment of curcumin with exposure to WPS showed a reduction 

in the thickness of the keratin layer with less inflammation in comparison to the waterpipe only; 

the results indicate that curcumin has a protective impact. 
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was achieved by passing tissues through a graded series of alcohol 

(70%, 80%, 95%, 100%, and 100%). After undergoing two rounds of 

xylene changes, the tissues were infiltrated with paraffin wax and 

embedded in pure paraffin wax. Using a Spencer 50 microtome, thin 

5µm sections were obtained. These sections were then mounted on glass 

slides and stained with hematoxylin and eosin before being examined 

and photographed with a Zeiss photomicroscope. The 

photomicrographs were taken with a Moticam 2300 digital camera that 

had a resolution of 3.0 megapixels.7 

 

Biochemical analysis 

Tests including (ALT, AST, and LDH) were performed to evaluate 

enzyme activity; we bought ALT and AST kits from Teco Diagnostics, 

located in Anaheim, CA, USA. These tests were performed using a 

UV/VIS single-beam spectrophotometer (EMC-11D-V; EMCLAB 

equipment, Duisburg, Germany). 6 

The activity of the LDH and SGPT enzymes in the serum was evaluated 

by measuring their ability to oxidize NADH to NAD+ 

spectrophotometrically at 340. While the activity of  SGOT enzyme in 

serum was calculated through its ability to reduce NADH to NAD+ 

spectrophotometrically at 340 nm.6 

 

Statistical Analysis  

Statistical Software Package for the Social Sciences (SPSS version 20) 

was utilized to analyze the data.  All data for the treatment groups for 

each test were analyzed by one-way ANOVA considering results with 

P-value <0.05 as significant, the graphs were represented as mean ± 

standard error of the mean.  

 

Results and Discussion 

The Effect of Curcumin waterpipe smoking on liver Enzymes of Rats 

Exposed to Sub-Chronic Smoking  

Table 1 shows the statistical analysis of three serum enzymes activity 

(AST, LDH, and ALT level) following sub-chronic exposure to 

waterpipe smoking with treatment by Curcumin. The treatment shows 

a significant effect on waterpipe smoking. The level of AST in the 

control group was 30.3 ± 0.112U/ L and significantly increased 

following exposure to waterpipe smoking group 90.12±0.050 

Treatment with curcumin decreased the level of AST significantly in 

the waterpipe smoking group (85.8±0.212) U/L. p= 0.01. 

The treatment shows a significant effect on waterpipe smoking. The 

level of ALT in the control group was 35.5±0.260U/L and significantly 

increased following exposure to waterpipe smoking (51.61±0.250, 

p=0.0); treatment with curcumin decreased the level of ALT 

significantly in the waterpipe smoking group (38.24±0.110, p=0.01). 

The level of LDH in the control group was 449.0±1.10 U/ L, which 

significantly increased following exposure to waterpipe smoking 

(676.0±0.50, p= 0.0); treatment with curcumin decreased the level of 

LDH significantly in waterpipe smoking group (280.0±0.57, p=0.0). 

The Effects of Sub-Chronic Smoking on the esophagus sections 

The esophagus Sections of the control group showed histologically 

normal esophagus tissue displaying standard histological structure; 

normal mucosa, submucosa, lamina propria, stratified epithelium cells, 

muscularis externa, and small mucous glands Figure 1. In contrast, the 

histological sections of water pipe smoking of the Esophagus tissue 

showed a thick keratinized layer (bold arrow), necrosis of some 

epithelial cells (thin arrow), and congestion of blood (star) Figure 2. The 

Esophagus tissue of rats treated with curcumin during waterpipe 

smoking Showed less thickness in the keratin layer (bold arrow) and 

infiltration of mixed inflammatory cells in Laminapropria (thin arrow) 

Figure 3. 

This research was undertaken due to the growing global incidence of 

smoking and its related hazards. Various illnesses, including chronic 

obstructive pulmonary disease, cardiovascular diseases, and lung 

cancer, have been linked to smoking. It is crucial to conduct a thorough 

investigation into the harmful impact of tobacco on histological level 

and to explore the potential benefits of incorporating natural 

antioxidant-rich products like curcumin to alleviate its adverse effects. 

Smoking can severely damage cardiac tissue and increase the likelihood 

of heart attacks.8 Research has shown a notable dysfunction in the 

dilation of blood vessels in the heart, ultimately resulting in 

atherosclerosis. Additionally, respiratory sinus arrhythmia (RSA) - the 

natural fluctuation of heart rate during breathing - can interfere with 

parasympathetic effects.9 

 

Table 1: Effect of Curcumin AST, ALT, and LDH level in rats exposed to waterpipe smoking 
 

Animal groups AST (U\L) P- value LDH (U\L) P- value ALT (U\L) P- value 

Control (fresh air) 30.3 ± 0.112 1.00 449.0 ± 1.10 1.00 35.5 ± 0.260 0.00 

Waterpipe 90.12 ± 0.050 0.00*b 676.0 ± 0.50 0.00*b 51.61 ± 0.250 0.00*b 

Waterpipe + curcumin 85.8 ± 0.212 0.00*b 280.0 ± 0.57 0.00*b 38.24 ± 0.110 0.01*b 

*Mean significant P<0.05. a: compared to the control group, b to the waterpipe group. 

 

 
Figure 1: The esophagus of the control group showed normal 

tissue architectures: (Bar = 100µm).  (H&E) 

 

Esophageal cancer is commonly associated with smoking as a 

significant risk factor. 10  The study results indicate that smoking has a 

negative impact on the histology of the esophagus. There is an 

inflammatory response and thickening of keratin, as well as the 

presence of necrotic cells. After being treated with curcumin during 

waterpipe smoking, the Esophagus tissue of rats exhibited a decreased 

thickness in the keratin layer and a reduction in the infiltration of mixed 

inflammatory cells in Laminapropria.  

According to our findings, after extended hookah smoking, there was a 

significant increase in important serum enzymes ALT, LDH, and AST 

compared to the control group. (P<0.05). According to research, rats 

exposed to smoking experienced increased activity of liver enzymes, 

indicating liver damage. Toxic chemicals released through smoking 

harm liver cells and result in the production of pro-inflammatory 

cytokines such as TNF-α, IL-1, and IL-6.11  Curcumin is known as a 

powerful antioxidant and anti-inflammatory agent, 12 It contains 

polyphenols (diferuloylmethane), which reduce toxin-mediated stress 

responses through both its antioxidant and anti-inflammatory 

properties.13,14 

We conducted a study to explore how curcumin can protect esophagus 

tissues and prevent the adverse effects of smoking on liver enzymes 

ALT, LDH, and AST levels. Compared to the normal group, the 
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smoking group experienced a significant increase in serum ALT, AST, 

and LDH enzymes. However, the group that received curcumin 

treatment showed decreased enzyme activity, indicating a protective 

effect of curcumin against smoking-induced toxicity. According to 

another study, administering curcumin to rats exposed to smoke 

reduced serum enzyme levels. (AST, ALT, and LDH). 15 

 

Conclusion 

The research has confirmed that smoking waterpipe tobacco is linked 

to adverse health effects. Findings indicate that curcumin reduces the 

hepatotoxicity induced by smoking and can provide some protection 

against the harmful effects of this type of smoking. 
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Figure 2: Esophagus of rat exposed to Waterpipe smoke (Bar = 

100µm). (H&E) 
 

 

Figure 3: Esophagus of rat exposed to waterpipe smoking and 

treatment by curcumin (Bar = 100µm). (H&E) 
 

Acknowledgements 

Thanks to Dr. Zia Shraideh and Dr. Darwish Badran for their continuous 

support, valuable feedback, and their suggestions to improve the 

outcomes of this work. 

 

References 

1. Szalontai K, Gémes N, Furák J, Varga T, Neuperger P, Balog 

JÁ, Puskás LG, Szebeni GJ. Chronic obstructive pulmonary 

disease: epidemiology, biomarkers, and paving the way to 

lung cancer. J Clin Med. 2021;10(13):2889.  

2. Jha P. The hazards of smoking and the benefits of cessation: 

a critical summation of the epidemiological evidence in high-

income countries. Elife. 2020;9:e49979.  

3. Ibrahim HM, Waziri BI, Aliyu A, Atiku MK. Effect of 

Shisha (Water-Pipe) Smoking on Serum Lipid Profile and 

Antioxidant Vitamins among Smokers in Kano Metropolis. 

SAR J Med Biochem. 2022;3(3):58–64.  

4. Unsal V, Dalkıran T, Çiçek M, Kölükçü E. The role of 

natural antioxidants against reactive oxygen species 

produced by cadmium toxicity: a review. Adv Pharm Bull. 

2020;10(2):184.  

5. Rashid K, Sil PC. Identification and Extraction of 

Antidiabetic Antioxidants From Natural Sources. Discov 

Dev Antidiabetic Agents from Nat Prod Nat Prod Drug 

Discov. 2016;63.  

6. Khwaldeh A, Siyam AA, Alzbeede A, Farajallah M, 

Shraideh Z, Badran D. Ameliorative effects of curcumin and 

caffeic acid against short term exposure of waterpipe tobacco 

smoking on lung, heart and kidney in mice. Anat Cell Biol. 

2021;54(1):93–103.  

7. Shraideh ZA, Awaida W, Najjar H, Musleh M. A modified 

smoking machine for monitoring the effect of tobacco smoke 

on Wister rats. Jordan J Biol Sci Short Commun. 

2011;4(2):109-112.  

8. Kamimura D, Cain LR, Mentz RJ, White WB, Blaha MJ, 

DeFilippis AP, Fox ER, Rodriguez CJ, Keith RJ, Benjamin 

EJ, Butler J. Cigarette smoking and incident heart failure: 

insights from the Jackson Heart Study. Circulation. 

2018;137(24):2572–82.  

9. Gallucci G, Tartarone A, Lerose R, Lalinga AV, Capobianco 

AM. Cardiovascular risk of smoking and benefits of smoking 

cessation. J Thorac Dis. 2020;12(7):3866.  

10. Kuang J jie, Jiang Z min, Chen Y xian, Ye W peng, Yang Q, 

Wang H zhong, Wang HZ, Xie DR.. Smoking exposure and 

survival of patients with esophagus cancer: a systematic 

review and meta-analysis. Gastroenterol Res Pract. 

2016;2016.  

11. Jain D, Chaudhary P, Varshney N, Bin Razzak KS, Verma 

D, Khan Zahra TR, Janmeda P, Sharifi-Rad J, Daştan SD, 

Mahmud S, Docea AO. Tobacco smoking and liver cancer 

risk: potential avenues for carcinogenesis. J Oncol. 2021; 

5905357.  

12. Tanvir R, Javeed A, Bajwa AG. Endophyte bioprospecting 

in South Asian medicinal plants: an attractive resource for 

biopharmaceuticals. Appl Microbiol Biotechnol. 

2017;101:1831–44.  

13. Apaya MK, Kuo TF, Yang MT, Yang G, Hsiao CL, Chang 

SB, Lin Y, Yang WC. Phytochemicals as modulators of β-

cells and immunity for the therapy of type 1 diabetes: Recent 

discoveries in pharmacological mechanisms and clinical 

potential. Pharmacol Res. 2020;156:104754.  

14. Herisman MW, Gani AP, Murwanti R. Effect of Curcuma 

mangga and Curcuma longa on Oxidative Stress-related 

Diseases and ROS Level: A Recent Study. Trop J Nat Prod 

Res. 2022;6(5):668-672  

15. Salahshoor M, Abdolmaleki A, Roshankhah S, Jalali A, Jalili 

C. Curcumin recovers the toxic effects of nicotine on 

hippocampus cornu ammonis 1 in rats. J Pharmacol 

Pharmacother. 2019;10(3):85–92.  

 


