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abstract 

Objective: To investigate the histological influence of waterpipe smoke exposure on lung tissues of Swiss mice during the periods of 7, 
15, 30, 60, and 90 days. 

Methods: The sample consisted of 60 animals, divided into 6 groups, one control group, exposed only to air, and the other experimental 
groups, daily submitted to water pipe smoke for 30 minutes through the whole body system, for 7, 15, 30, 60 and 90 days. After these 
periods, the mice were euthanized to obtain the tissue samples and subsequent preparation and analysis of histological slides. 

Results: In the slide microscopy, the control group presented normal aspects. In experimental groups, exacerbation of inflammation was 
observed, there was a increased thickness of intra-alveolar septa, reduced alveolar lumen, areas of ciliary loss, and neovascular formation. 
And as the animals' exposure to smoke was extended, the progressive exacerbation of these pulmonary changes was noted. 

Conclusions: The exposure to waterpipe smoke stimulates inflammation and cellular changes in lung tissues of Swiss mice and suggests 
that the longer the animals' exposure period, the more exacerbated this picture will appear. 

Key words: waterpipe smoking; lung; inflammation; carcinogenesis

First submission on 05/01/2022; accepted for publication on 24/01/2022; published on 31/01/2022 

INTRODUCTION

The hookah, also known as “waterpipe smoke”, “hubble 
bubble”, “shisha” or “narghile”,(1,2) consists of a smoking device 
composed of three main parts: a glass vase, a hose, and support 
for burning tobacco. The vessel contains water, the vertical tube is 
immersed in this water and the upper end of this tube is connected 
to the tobacco holder lit with charcoal. The vase is connected to 
another tube that reaches the hose through which the smoke is 
expelled by a series of puffs after bubbling into the water(3-5). 

Narghile smoking is a traditional method of tobacco 
consumption commonly practiced in the Arabian Peninsula, 
Turkey, India, and China. However, the popularity of its use has 
been increasing globally, especially among adolescents and young 
adults(6,7). In Brazil, narghile is the tobacco product most used by 
young people except for conventional cigarettes(7). 

This growing practice is partly related to the belief that 
hookah use is less harmful than other forms of smoking, such 
as conventional cigarettes. This stems from the common and 
erroneous perception of users that the water present in the hookah 
device “filters” the smoke, making it less harmful and less likely 
to cause dependence when compared to cigarette smoke, although 
studies have shown that the use of water in the hookah does not 
change the nicotine level of the smoke. Another factor associated 
with this popularity is due to the type of tobacco used in the 
hookah, called “ma’assel”, which is sweetened and available in 
many flavors(8-11). The easy access to the hookah and its availability 
in social environments also contribute to the widespread use of 
this device(12). 

Taking into account the increasing consumption of hookah 
tobacco associated with the scarce amount of existing literature, 
the limited information, and the little public knowledge about the 
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repercussions generated by the hookah smoke(8,13,14).The question 
arises of what would be the effects on the lung tissues caused by 
the smoke from this device. Given the limited studies available, 
which report that the hookah is not as harmless as is believed(15), 
therefore needing more depth on the subject and transmission of 
this information to the population.

Regarding the effects caused by hookah smoke, there is a 
concern about possible harm, since tobacco smoke contains 
highly toxic chemicals and carcinogens, increasing the risk of 
developing cardiovascular diseases and cancer in the lung, oral 
cavity, esophagus, stomach, and other organs; also facilitating the 
transmission of infectious diseases since in one session, a single 
mouthpiece is shared with everyone(2,11,16).

In this context, the objective of this study was to investigate 
the histological alteration caused by exposure to hookah smoke in 
the tissues of the lungs of Swiss mice during the periods of 7, 15, 
30, 60 and 90 days.

MATERIALS AND METHODS 

This study was previously approved by the Ethics Committee 
on the Use of Animals at the University of Vale do Itajaí - CEUA / 
UNIVALI, under No. 063/17.

In this experimental study, 60 female Swiss mice were housed 
in conventional cages, maintained in a 12-hour light-dark cycle, 
and with a daily change of food and water. Data collection took 
place from May 20 to July 18, 2018, at the University of Vale 
do Itajaí Educational Institution, in the histological research 
laboratory of block C5. The animals were removed from the 
central vivarium of UNIVALI one week before the experiment for 
the setting. Then, the animals were randomly divided into six 
groups of ten animals each, one being the control group and the 
other five groups, the experimental groups, which were exposed 
to conventional hookah smoke. The number of animals for each 
group was decided based on previous experimental literature(17). 
The survey data were collected after the periods of 7, 15, 30, 60, 
and 90 days of exposure.

The animals in the experimental groups were submitted 
to the whole-body exposure system(10, 11), through confinement 
in a chamber with a glass lid sealed with silicone, measuring 
175x170x270mm and connected to a common hookah apparatus 
by a suction device, which blew the smoke into that chamber 
through a manual flow control(18). The animals were exposed 
to the smoke of 4 grams of tobacco for conventional hookahs 
of the Mizo brand apple flavor (Apple Waterpipe Tobacco) with 
0.5% percentage of unwashed tobacco and the bamboo charcoal 
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brand Bamboo Brasil with 33mm in diameter. The duration of the 
session was 30 minutes/day for each of the experimental groups(4), 
during the periods of 7, 15, 30, 60, and 90 days. The concentration 
of tobacco smoke applied to the animals in the exposed groups was 
35 ml for two seconds, while the other 58 seconds were for fresh 
air(6), being distributed in total in 210mL for each mouse. The flow 
rate of the pump was manually adjusted to maintain the volume 
of 530mL / 2sec - breath specified by the Beirut Method - chosen 
regime because it approximates, on average, the topography of 
the human breath during the use of the hookah apparatus(4).The 
exposure time of animals to smoke was selected from recently 
published studies that evaluated the cardiorespiratory effects 
of hookah smoke in humans(19,20). The animals in the control 
group were exposed to air only, with the same conditions as the 
experimental groups.

To obtain tissue samples and later make histological slides, 
the animals in each experimental group were euthanized after the 
last exposure session of their respective period, with the control 
group euthanized together with the 90-day group. Euthanasia was 
performed using an anesthetic dose composed of 50µl of Xylazine 
(0.23g / ml) and 210µl of Ketamine (0.1g / ml) for every 10 grams 
of the animal’s weight, that is, if the animal was weighing 20 
grams, 100µl of Xylazine with 420µl of Ketamine was used (Figure 
1). Tissue samples were obtained through surgery on mice to 
remove the lungs. The tissues were fixed in paraformaldehyde 4% 
in phosphate buffer pH 4 to 7 and properly processed and included 
in paraffin. The sections for making the histological slides were 
stained with hematoxylin and eosin (H.E.).  The microscopic 
analysis of the slides was performed blindly and through it was 
performed a descriptive analysis of the characteristics observed in 
the slides.

RESULTS

In the histological analysis of the lung of the control group, 
alveolar sacs were found, constituted by alveoli and terminal 
bronchioles covered by epithelium that varies from cylindrical to 
cubic, from stratified to simple, ciliated or not, without alterations, 
presence of discrete chronic inflammatory infiltrate in some areas 
and respiratory alveoli with walls covered by simple pavement 
epithelium with cells called pneumocytes, within normal 
standards. 

In the lung microscopy of the experimental groups, it was 
observed an increase in the thickness of the walls of the intra-
alveolar ducts/septa, a reduction in the light of the alveoli, the 
formation of new cells, increasing the number of red blood cells 
in the region, areas of ciliary loss in the terminal bronchioles 
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and presence of inflammatory infiltrate with mononucleated 
cells (lymphocytes and mast cells) and other defense cells. And, 
as the period of exposure of the animals to smoke was extended, 
a progressive exacerbation of the pulmonary changes was noted.

DISCUSSION

Narghile smoking is a method of tobacco use traditionally 
associated with the Middle East. However, its use is becoming 
increasingly prevalent in the US and Western societies, especially 
among young people(2,21). This consumption is driven by the 
scarcity of knowledge related to the harmful effects of hookah 
smoke and popular belief that it is less harmful to health than that 
of cigarettes, as it is “filtered” when passing through water(2,8,14). 
And yet, there is the use of flavorings in the hookah tobacco that 
work as an attraction for its use(22).

Compared to ordinary cigarettes, studies show that the use 
of hookah is associated with the exposure of a greater amount 
of smoke, as well as the inhalation of a higher value of carbon 
monoxide and similar nicotine(1,9,23). The narghile smoke contains 
more than 4800 different chemicals and particulate material 
resulting from its burning, in addition to a large amount of 

carbon monoxide and nicotine, the presence of tar, chrysene, 
fluoranthene, anthracene, pyrene, and phenanthrene. Several of 
these substances are considered to be toxic and causal factors of 
cancer, cardiovascular disease, and addiction(2,24). Thus, it appears 
that the hookah has a considerable variety of toxic chemicals and, 
in this sense, it is not as harmless as it is popularly known. And yet, 
it exposes its users to some of the same toxics as cigarettes, and 
therefore both methods of smoking probably share some of the 
same health risks.

In the lung microscopy of the animals in the control group 
of the present study, an aspect of normality was observed with 
areas of mild inflammation. Such result, according to Junqueira 
and Carneiro (2013)(25), can be explained by the air not being 
completely clean and, in this way, it is normal in the histological 
visualization of pulmonary tissues the presence of defense 
cells such as chronic inflammatory infiltrate, macrophages, 
neutrophils, and lymphocytes, as well as the areas of well-defined 
intra-alveolar septa.

From the histological analysis, the groups exposed to the 
hookah showed greater infiltration of inflammatory cells when 
compared to the control group, which coincides with the findings 
of other authors(6,26,27). Inflammation is an early marker of hookah 

figure 1 – Microscopy of a lung section stained with hematoxylin and eosin (H.E.) at 100 X magnifications. In the control group (A) alveolar sacs were found, without 
alterations and presence of discrete chronic inflammatory infiltrate. In the experimental groups at 7 (B), 15 (C), 30 (D), 60 (E) and 90 days (F) exposure period it was 
observed an increase in the thickness of the walls of the intra-alveolar ducts/septa, a reduction in the light of the alveoli, the formation of new cells, increasing the number 
of red blood cells in the region, areas of ciliary loss in the terminal bronchioles and presence of inflammatory infiltrate. And, as the period of exposure of the animals to 
smoke was extended, a progressive exacerbation of the pulmonary changes was noted.
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TABLE 2 - Correlation analyses of raw serum forms of the prostate-specific antigen (total and free) and their ratio across levels of the inflammatory mediators investigated 
in the162 older men at admission

IFNγ IL1β IL2 IL4 IL6 IL8 IL10 IL12 TNF

Total PSA, ng/mL 0.03; 0.740 -0.01; 0.894 0.16; 0.034# 0.05; 0.554  0.02; 0.850  0.02; 0.790 0.02; 0.781 0.04; 0.595 0.04; 0.587

Free PSA, ng/mL 0.03; 0.678  0.00; 0.989 0.13; 0.086 0.04; 0.660  0.00; 0.977 -0.01; 0.901 0.00; 0.987 0.02; 0.810 0.02; 0.752

Free/Total PSA ratio 0.05; 0.509 -0.02; 0.790 0.10; 0.217 0.10; 0.181 -0.02; 0.802 -0.04; 0.671 0.03; 0.734 0.09; 0.264 0.08; 0.301

The Pearson’s correlation test was used. Data are expressed in correlation index and significance level (two digitr; three digit P). CRP: C-reative protein; INF: interferon; 
IL: interleukin. Significance threshold set at P ≤ 0.05. Superscript # represents effect size (d) = 0.16.

smoke exposure that precedes airway dysfunction(6) and, according 
to the increase in the exposure periods in the experimental research 
groups, there was a progressive exacerbation in the intensity of 
this inflammatory condition, which suggests that the longer the 
exposure time to smoke, the greater the severity of the damage.

In the analysis of the pulmonary inflammatory infiltrate of 
the experimental groups, the presence of mononucleated cells 
(lymphocytes and mast cells) and other defense cells was found, 
which is consistent with other studies in which they mainly 
identified neutrophils, lymphocytes, and macrophages(10,26,28). 

Histologically, an increase in the thickness of the walls of the 
intra-alveolar ducts/septa, a reduction in the light of the alveoli, 
in addition to the formation of new cells, and an increase in 
the number of red blood cells was observed in the lungs of the 
experimental groups. In this sense, in experimental studies by other 
authors, alveolar spaces and dilated alveolar ducts, thickening 
of the interalveolar septa, alveolar damage, and impaired lung 
function were observed(28,29). Thus, the present study partially 
agrees with the findings of these authors, since they observed 
the dilation of the alveolar spaces instead of the reduction of the 
alveolar light. This divergence can be explained by the longer 
period of exposure of the animals.

In the lung microscopy of the experimental groups, areas 
of ciliary loss were also observed in the terminal bronchioles, 
which agrees with the existing literature, which mentions that the 
epithelium of the small airways of hookah smokers presented a 
higher percentage of secretory cells and cells. intermediate and a 
lower percentage of ciliated cells and basal cells(30). 

In addition to the changes described in this lung study, the 
literature points out that long-term use of hookah increases the 
risk of cancer and cardiovascular diseases, generates chromosomal 
changes, and may also be associated with cases of alveolitis after 
tooth extraction, impacts to the fetus in the case of use during 
pregnancy and increase of respiratory diseases in non-smokers 
who live in the same environment. And, at the same time, the 
popular culture of sharing the same mouthpiece between multiple 
users can lead to the spread of diseases such as tuberculosis, 
herpes, and hepatitis(2,31,32). It also suggests that the mutation 
in p53 (tumor suppressor protein) is associated with the use of 
hookah in squamous cell carcinomas, in premalignant lesions, 
and the normal mucosa of the oral cavity(33). 

Finally, studies show that the prevalence of conventional 

cigarette consumption is decreasing worldwide due to public 
control policies and that, in contrast, other tobacco products, such 
as hookahs, have become an international phenomenon when 
they appear on the market(7,34,35). Therefore, further studies on the 
subject are necessary, as these are important to alert this public to 
the harmful effects that result from the use of hookah smoke, as 
well as serving as a parameter for the implementation of public 
health policies and for the creation of its legislation aimed at 
restricting and regulating the consumption of hookah tobacco.

CONCLUSION 

The results of this study indicate that exposure to hookah 
smoke stimulates inflammation and cellular changes in lung 
tissues of Swiss mice and suggest that as the animals’ exposure 
period is extended, that is, during 7, 15, 30, 60, and 90 days, the 
more exacerbated alterations will appear.

AUTHOR’S CONTRIBUTION

Carina Demarchi: work project and design or acquiring, 
analyzing and interpreting the data; initial essay writing and 
critical review of its content; final approval of the version for 
publication; responsibility for all aspects of the work. 

Morgana de Souza: work project and design or acquiring, 
analyzing and interpreting the data; initial essay writing and 
critical review of its content; final approval of the version for 
publication; responsibility for all aspects of the work.

Laura Sagás de Souza: work project and design or acquiring, 
analyzing and interpreting the data; initial essay writing and 
critical review of its content; final approval of the version for 
publication; responsibility for all aspects of the work.

Fernando Lacerda Galli: work project and design or acquiring, 
analyzing and interpreting the data; initial essay writing and 
critical review of its content; final approval of the version for 
publication; responsibility for all aspects of the work. 

Sarah Mendes Pilati: work project and design or acquiring, 
analyzing and interpreting the data; initial essay writing and 
critical review of its content; final approval of the version for 
publication; responsibility for all aspects of the work. 



5
e4442022

Carina Demarchi; Morgana de Souza; Laura Sagás de Souza; Fernando Lacerda Galli; Sarah Mendes Pilati

REFERENCES

1.	 Mirsadraee M, Khakzad MR, Ahmadzadeh M, et al. Acute effect of water pipe smoke on sensitized animals. Tanaffos. 2010; 9(4): 39-47.

2.	 Aslam HM, Saleem S, German S, et al. Harmful effects of shisha: literature review. Int Arch Med. 2014; 7: 16.

3.	 Mohammad Y, Kakah M. Chronic respiratory effect of narguileh smoking compared with cigarette smoking in women from the East Mediterranean 
region. Int J Chron Obstruct Pulmon Dis. 2008; 3(3): 405-14.

4.	 Shihadeh A, Azar S, Antonios C, et al. Towards a topographical model of narghile water-pipe café smoking: a pilot study in a high socioeconomic 
status neighborhood of Beirut, Lebanon. Pharmacol Biochem Behav. 2004; 79(1): 75-82.

5.	 Yalcin FK, Er M, Hasanoglu HC, et al. Deteriorations of pulmonary function, elevated carbon monoxide levels and increased oxidative stress amongst 
water-pipe smokers. Int J Occup Med Environ Health. 2017; 30(5): 731-42.

6.	 Nemmar A, Al Hemeiri A, Al Hammadi N, et al. Early pulmonary events of nose-only water pipe (shisha) smoking exposure in mice. Physiol Rep. 
2015; 3(3): e12258. 

7.	 Bertoni N, Szklo A, Boni R, et al. Electronic cigarettes and narghile users in Brazil: Do they differ from cigarettes smokers? Addict Behav. 2019; 98: 
106007.

8.	 Cobb CO, Shihadeh A, Weaver MF, et al. Waterpipe tobacco smoking and cigarette smoking: a direct comparison of toxicant exposure and subjective 
effects. Nicotine Tob Res. 2011; 13(2): 78-87.

9.	 Eissenberg T, Shihadeh A. Waterpipe tobacco and cigarette smoking: direct comparison of toxicant exposure. Am J Prev Med. 2009; 37(6): 518-23.

10.	Shraideh ZA, Najjar HN. Histological changes in tissues of trachea and lung alveoli of albino rats exposed to the smoke of two types of narghile 
tobacco products. Jordan J Biol Sci. 2011; 4(4): 219-24.

11.	Khabour OF, Alzoubi KH, Bani-Ahmad M, et al. Acute exposure to waterpipe tobacco smoke induces changes in the oxidative and inflammatory 
markers in mouse lung. Inhal Toxicol. 2012; 24(10): 667-75.

12.	Aljarrah K, Ababneh ZQ, Al-Delaimy WK. Perceptions of hookah smoking harmfulness: predictors and characteristics among current hookah users. 
Tob Induc Dis. 2009; 5(1): 16.

13.	Akl EA, Gaddam S, Gunukula SK, et al. The effects of waterpipe tobacco smoking on health outcomes: a systematic review. Int J Epidemiol. 2010; 
39(3): 834-57.

14.	Mamtani R, Cheema S, Sheikh J, et al. Cancer risk in waterpipe smokers: a meta-analysis. Int J Public Health. 2017; 62(1): 73-83.

15.	Beckert N, Moysésa S, Cruza R, et al. Características do uso de produtos derivados do tabaco entre universitários do curso de Odontologia em uma 
Universidade de Curitiba. Rev Odontol UNESP. 2016; 45(1): 7-14.

16.	Al Ali R, Rastam S, Ibrahim I, et al. A comparative study of systemic carcinogen exposure in waterpipe smokers, cigarette smokers and non-smokers. 
Tob Control. 2015; 24(2): 125-27.

17.	Garcia Martins RH, Marques Madeira SL, Fabro AT, et al. Effects to exposure of tobacco smoke and alcohol on the tongue and pharynx of rats. Inhal 
Toxicol. 2012; 24(3): 153-60.

18.	Flausino CS, Hoffmeister GF, Pilati PVF, et al. A new adapted machine to simulate narghile smoke. J Cytol Tissue Biol. 2020; 7: 029.

19.	Hakim F, Hellou E, Goldbart A, et al. The acute effects of water-pipe smoking on the cardiorespiratory system. Chest. 2011; 139(4): 775-81.

20.	Bentur L, Hellou E, Goldbart A, et al. Laboratory and clinical acute effects of active and passive indoor group water-pipe (narghile) smoking. Chest. 
2014; 145(4): 803-09.

21.	Walters MS, Salit J, Ju JH, et al. Waterpipe smoking induces epigenetic changes in the small airway epithelium. PLoS One. 2017; 12(3): e0171112.

22.	Javed F, ALHarthi SS, BinShabaib MS, et al. Toxicological impact of waterpipe smoking and flavorings in the oral cavity and respiratory system. Inhal 
Toxicol. 2017; 29(9): 389-96.

23.	Katurji M, Daher N, Sheheitli H, et al. Direct measurement of toxicants inhaled by water pipe users in the natural environment using a real-time in 
situ sampling technique. Inhal Toxicol. 2010; 22(13): 1101-09.

24.	Shihadeh A, Saleh R. Polycyclic aromatic hydrocarbons, carbon monoxide, “tar”, and nicotine in the mainstream smoke aerosol of the narghile 
water pipe. Food Chem Toxicol.2005; 43(5): 655-6. 

25.	Junqueira LC, Carneiro J. Basic histology: texts and atlases. 12 ed. Rio de Janeiro: Guanabara Koogan. Respiratory System. 2013; 17: 338-49.

26.	Nemmar A, Raza H, Yuvaraju P, et al. Nose-only water-pipe smoking effects on airway resistance, inflammation, and oxidative stress in mice. J Appl 
Physiol (1985). 2013; 115(9): 1316-23.

27.	Khabour OF, Alzoubi KH, Al-Sawalha N, et al. The effect of chronic exposure to waterpipe tobacco smoke on airway inflammation in mice. Life Sci. 
2018; 200(1): 110-14. 

28.	Nemmar A, Al-Salam S, Yuvaraju P, et al. Chronic exposure to water-pipe smoke induces alveolar enlargement, DNA damage and impairment of lung 



6
e4442022

Lung histopathological changes in Swiss mice exposed to narghile smoke

function. Cell Physiol Biochem. 2016; 38(3): 982-92.

29.	Charab MA, Abouzeinab NS, Moustafa ME. The protective effect of selenium on oxidative stress induced by waterpipe (narghile) smoke in lungs and 
liver of mice. Biol Trace Elem Res. 2016; 174(2): 392-401.

30.	Strulovici-Barel Y, Shaykhiev R, Salit J, et al. Pulmonary abnormalities in young, light-use waterpipe (hookah) smokers. Am J Respir Crit Care Med. 
2016; 194(5): 587-95.

31.	Maziak W, Ward KD, Afifi Soweid RA, et al. Tobacco smoking using a waterpipe: a re-emerging strain in a global epidemic. Tob Control. 2004; 13(4): 
327-33.

32.	Maziak W. The waterpipe: a new way of hooking youth on tobacco. Am J Addict. 2014; 23(2): 103-7.

33.	Zaid K, Azar-Maalouf E, Barakat C, et al. p53 overexpression in oral mucosa in relation to shisha smoking in Syria and Lebanon. Asian Pac J Cancer 
Prev. 2018; 19(7): 1879-82.

34.	Azab M, Khabour OF, Alkaraki AK, et al. Water pipe tobacco smoking among university students in Jordan. Nicotine Tob Res. 2010; 12(6): 606-12.

35.	Martins SR, Paceli RB, Bussacos MA, et al. Experimentation of and knowledge about hookah among medical students at an important university in 
Brazil. J Bras Pneumol. 2014; 40(2): 102-10.

Corresponding author

Sarah Mendes Pilati          0000-0003-2890-1698
sarahfreygang@gmail.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License.


	_Hlk96547434

