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 Cigarette smoke has shown various kinds of free radical content. The 

increasing number of free radicals from exposure to cigarette smoke that 

enters the respiratory tract may result in lung tissue damage. The reason is 

because excessive free radicals can trigger oxidative stress due to an 

imbalance in the number of antioxidants in the body and trigger an 

inflammatory response. Alveolar macrophages are one of the defence 

systems in lung tissue which will increase when the number of free radicals 

is increasing. Giving antioxidants from outside the body can help reduce 

the impact of free radicals. This study aims to determine the effect of 

broccoli extract on the reduction of alveolar macrophages. Study is 

experimental using Randomized Controlled Trial design. Research process 

was carried out for 21 days by dividing the experimental animals into 6 

groups. Each group was given a treatment cigarette smoke 2 times per day 

for 2 minutes. The extract of broccoli in different doses (0.5ml;0.75ml;1 

ml;1.25 ml). The assessment of the number of alveolar macrophages with 

Hematoxylin Eosin (HE) staining, the measurements were carried out by 

calculating the average of 10 visual fields in each preparation. The results 

showed that the administration of broccoli extract resulted in a decrease in 

the number of alveolar macrophages (ANOVA, p=0.000). In addition, the 

increased administration of broccoli extract would further reduce the 

number of alveolar macrophages (P<0.05). It can be concluded that the 

intake of broccoli extract can reduce the number of alveolar macrophages 

due to exposure to cigarette smoke. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Tobacco cigarettes contributes to the increase in the number of non-communicable diseases in the world that 

may cause morbidity and mortality [1]. The increased death threat is estimated to exceed that of the people 

with HIV, tuberculosis, and malaria. By 2030, deaths caused by smoking are estimated to reach 8 million 

people per year or almost 10% of the total deaths [2]. In developing countries, the risk of death caused by 

increasing cases of non-communicable diseases due to smoking is greater than in developed countries [3]. 

The adult age group is the highest group in the use of tobacco cigarettes. The decrease in the use of cigarettes 
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has been carried out through various health promotion efforts. From 2005 to 2015, there was a significant 

decrease in the prevalence of adolescent smokers, but there has been no decline since 2015 until now [4]. The 

availability of tobacco cigarettes, affordable prices, traditions, lifestyles, promotion of the cigarette industry 

as well as the influence of friends and external parties are among the factors that someone wants to start trying 

to smoke cigarettes [5], [6]. 

 

The increasing risk of death from smoking has been proven for a long time. Deaths caused by the disease 

from smoking are estimated to have reduced about 10 years of life compared to non-smokers. This effect is 

not only found in active smokers, but also found in smokers who have quitted smoking [7]. Most of the 

diseases caused by smoking are related to the respiratory tract such as Chronic Obstructive Pulmonary Disease 

(COPD), asthma, to lung cancer. In addition, the negative health effects of smoking are cardiovascular 

disease, blood vessel disorders, osteoporosis and stroke [8], [9]. There are known carcinogenic substances 

content and other harmful chemicals in cigarettes such as nicotine, tar, and benzopyrene. Moreover, cigarette 

smoke also contains carbon monoxide (CO) which can affect the bond of oxygen (O2) and haemoglobin (Hb) 

[10]. Those various kinds of harmful content will be inhaled into the respiratory tract and will be considered 

as a form of free radicals in the body [11]. The free radicals that enter the respiratory tract will respond to the 

body's first defence system, namely the alveolar macrophages. These cells are the body's first defence system 

that has the functions to kill pathogens and pollutants that enter the respiratory tract [12]. Alveolar 

macrophages will perform phagocytosis and stimulate the secretion of pro-inflammatory cytokines. This 

process can take place continuously and is directly proportional to the number of free radicals from the 

cigarette smoke that enters the respiratory tract. Lung tissue damage can be caused by the reaction to an 

increase in the number of alveolar macrophages and the response of inflammatory [13]. 

 

Free radicals have an important role for the body; in small to moderate concentration, they are needed to 

synthesize cellular structures and the body's immune system. Excessive increase in free radicals is usually 

obtained from outside the body, and it can cause damage to death of a tissue. Actually, a human body has the 

ability to prevent and reduce the impact of tissue damage due to free radicals by neutralizing it with 

antioxidants [14]. However, if the ratio between free radicals and antioxidants is not appropriate, then it is 

necessary to provide intakes from outside the body. Various types of vegetables and fruits are believed to be 

the main sources of antioxidants [15], [16]. Both can play a role in helping to increase antioxidant activity in 

the body (enzymatic antioxidants) or directly neutralize free radicals that enter the body (non-enzymatic 

antioxidants) [17]. One type of vegetable that contains plenty antioxidants is broccoli (Brassica oleracea var. 

italica). This vegetable is known to contain high levels of flavonoids, so it is believed to act as anti-

inflammatory, anti-cancer, and antioxidant [18]. Giving broccoli to reduce free radicals caused by exposure 

to cigarette smoke has never been done. Therefore, this study aims to determine the changes in the number 

of alveolar macrophages to the administration of broccoli extract (Brassica oleracea var. italica) due to the 

exposure to cigarette smoke. 

 

2. METHODS 

This research was experimental with post-test control group design. The research sample used was male 

Wistar rats (Rattus novergicus) for 21 days. This study divided the experimental animals into 6 groups, 

namely a negative control group, a positive control group, and four treatment groups. The maintenance and 

care of experimental animals was carried out using the 3R principle (Replacement, Reduction, and 

Refinement). The positive control group and the treatment group will be exposed to clove cigarette smoke 

because these cigarettes are the most often consumed in Indonesia. The nicotine and tar content in the 

cigarettes is 2.4 mg and 38 mg, respectively. Exposure to the cigarette smoke is given for 2 cigarettes per day 

for 21 days. 

https://www.teikyomedicaljournal.com/
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The production of broccoli extract (Brassica oleracea L. var. Italica) through the maceration process uses 96% 

ethanol as the solvent, and it was continued with a vacuum rotary evaporator to obtain the preparation. After 

the extract was available, the flavonoid content (18 mg/ml) was measured. The intake of broccoli extract in 

experimental animals was carried out using a conversion table between Laurence and Bacharach organisms 

through a comparison of the adequacy rate of flavonoids per day (8 mg/day), in order to obtain a dose of 0.5 

ml; 0.75 ml; 1 ml; 1.25 ml. 

 

In this study, the experimental animals were divided into 6 groups. The first group was the negative control 

group, where experimental animals were only given daily intake. The second group was the positive control 

group, where experimental animals were only exposed to cigarette smoke. The four treatment groups were 

those that were exposed to cigarette smoke and given different doses of Broccoli extract in the amount of 0.5 

ml; 0.75 ml; 1 ml; 1.25 ml respectively. After the intervention given for 21 days, the experimental animals 

were terminated for lung organ harvesting. The histopathological preparations of lung tissue were made by 

histotechniques process and Hematoxylin Eosin (HE) staining. The parameter in this study was the average 

number of alveolar macrophages in 10 fields of view per lung tissue preparation. 

 

3. RESULTS 

Table 1. shows the average number of alveolar macrophages in 10 visual fields. The highest mean value was 

obtained in group II of 5.40 ± 0.65, while the lowest value was obtained in group I of 2.32 ± 0.23. These 

results will then be tested for normality between groups. 

 

Table 1: Average Number of Alveolar Macrophages Between Groups 

Groups Mean ± SD 

I Negative control group 2,32 ± 0,23 

II 
Positive control group 

(exposure to cigarette smoke) 
5,40 ± 0,65 

III 
Treatment group I 

(exposure to cigarette smoke and administration of 0.5 ml of extract) 
5,04 ± 0,54 

IV 
Treatment group II 

(exposure to cigarette smoke and administration of 0.75 ml of extract) 
4,32 ± 0,54 

V 
Treatment group III 

(exposure to cigarette smoke and administration of 1 ml extract) 
3,56 ± 0,17 

VI 
Treatment group IV 

(exposure to cigarette smoke and administration of 1.25 ml of extract) 
3,36 ± 0,26 

 

Based on table 2. It shows that the results of the normality test have a p value greater than 0.05 so it can be 

concluded that all groups have data that are normally distributed. Meanwhile, the homogeneity test (p = 0.009) 

obtained a p value <0.05 so that the data can be said to be inhomogeneous. Because the data has a normal 

distribution and is not homogeneous, the calculation of the difference between groups will be carried out 

using a T-test. 

 

Table 2: ANOVA test results in each group 

Groups Normality test Homogeneity test 

I 0,814 

0,009  

II 0,111 

III 0,201 

IV 0,117 

V 0,314 

VI 0,421 
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The results of the differences between one group and another using the T-test in each group. Based on table 

3. shows that the negative control group has a significant difference (p <0.05) against all groups. In the 

positive control group, an insignificant difference was found in the comparison of the first treatment group (p 

= 0.206). In the first and second treatment groups there were significant differences (p<0.05) against all 

groups. The third treatment group also had an insignificant difference with the fourth treatment group (p = 

0.477). 

 

Table 3. T-test test results in each group 

Groups I II III IV V VI 

I - - - - - - 

II 0,000 - - - - - 

III 0,000 0,206 - - - - 

IV 0,000 0,001 0,016 - - - 

V 0,000 0,000 0,000 0,011 - - 

VI 0,001 0,000 0,000 0,002 0,477 - 

 

The figure below shows the comparison of the negative control group (figure 1.) with the treatment group 

(figure 2.) on the number of alveolar macrophages (red arrow). 

 

      
Figure 1: Negative Control Group                                     Figure 2: Treatment Group 

 

4. DISCUSSION 

The increase in free radicals in the body is caused by cigarette smoke that enters the respiratory tract. These 

free radicals will stimulate non-specific antibodies in the lung tissue, namely alveolar macrophages. Increased 

exposure to cigarette smoke is directly proportional to the increase in the number of alveolar macrophages in 

the lung tissue. The positive control group that received exposure to cigarette smoke showed an increase in 

the number of alveolar macrophages compared to the other groups [19]. Macrophage cells can be found in 

almost all body tissues and are the main bacterial killing mechanism through the process of phagocytosis. In 

the lungs, macrophage cells are often referred to as alveolar macrophages and have a fairly large number 

compared to other organs. The role of alveolar macrophages in innate immunity represents more than 90% of 

immunity in the airways. In addition, alveolar macrophages also produce inflammatory mediators such as 

Reactive Oxygen Species (ROS) under physiological conditions, express pro-inflammatory cytokines such 

as interleukins (IL-1, IL-6, IL-8), Tumor Necrosis Factor Alpha (TNF-α) and Interferon gamma (IFNγ) and 

the release of anti-inflammatory mediators [20], [21]. 

 

The administration of antioxidants from broccoli extract showed a decrease in the number of alveolar 

macrophages. Broccoli contains a variety of antioxidants; one of the main antioxidants is flavonoids [22]. 

Flavonoid antioxidants have various benefits and considerable pharmacological activities, and their potential 

as antioxidants have been widely found in various studies as one of the micronutrients capable of neutralizing 

https://www.teikyomedicaljournal.com/
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free radicals [23]. Its ability to reduce free radicals is carried out by suppressing the synthesis of Reactive 

Oxygen Species, inhibiting the enzymes produced and increasing antioxidant activity [24]. Flavonoids protect 

cells and tissues from damage caused by oxidative stress caused by normal oxygen metabolism processes or 

induction from outside the body [25]. 

 

Flavonoids protect lipid membranes against various oxidative damage from free radicals. Lipid peroxidation 

is one of the causes resulting from an imbalance in the number of radicals from cigarette smoke with 

antioxidants in the body [26], [27]. One of the free radicals as the main cause is superoxide radicals obtained 

from burning cigarette smoke. Superoxide radicals can be neutralized by the superoxide dismutase enzyme 

and be turned into hydrogen peroxide, which will then be converted again by glutathione peroxidase into 

water and oxygen. However, metal ions can trigger an increase in free radicals by reducing hydrogen peroxide 

to a highly reactive hydroxyl radical. Flavonoid antioxidants can also bind to these metal ions to inhibit the 

formation of free radicals [28], [29]. 

 

Increasing the administration of antioxidants can further reduce free radicals caused by exposure to cigarette 

smoke [30]. However, the administration of antioxidants with a certain dose will have an insignificant impact 

on reducing free radicals. This is because free radicals will still be formed physiologically from cell 

metabolism. 

 

5. CONCLUSION 

The intake of broccoli extract (Brassica oleracea L. var. Italica) can affect the number of alveolar 

macrophages in lung tissue due to exposure to cigarette smoke. Increasing the dose of broccoli (Brassica 

oleracea L. var. Italica) extract intake will boost the decrease in alveolar macrophages. 
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