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ABSTRACT
The increasing number of tobacco users will directly impact to an increase in the number of passive smokers. Various 
harmful substances that enter the respiratory tract can cause health problems. The airway will recognize these 
substances as pathogen and activate immune response accordingly. Inflammatory response becomes one of the effects 
of body compensation due to an increased pathogen. This effect is indicated by the elevation of C-Reactive Protein as 
one systemic inflammatory response parameters in the body. This study aimed to determine the efficacy of red mulberry 
juice to reduce levels of C-Reactive Protein in Wistar rats because exposure to cigarette smoke. This is an experimental 
study with a post-test control group design. Animals were divided into negative control group, positive control group, 
and 3 treatment groups with different red mulberry doses. The positive control group showed the highest increase   in 
C-Reactive Protein levels compared with the red mulberry intake group (p<0,001). In conclusion, the administration 
of red mulberry juice can reduce inflammatory response in rats because of exposure to cigarette smoke.
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INTRODUCTION

Tobacco cigarettes are the most common 
type of cigarette used worldwide (Gowing et al., 
2015). Various studies have shown the dangers of 
using tobacco cigarettes both as active smokers 
and passive smokers (Suryadinata et al., 2017). 
Smoking has caused 6 million people dies each 
year and it is estimated will reach 8 million in 
2030. Globally, the number of tobacco smokers 
has reached 1.1 billion people and almost 70% 
are residents of developing countries (Nasser 
et al, 2018). The prevalence of active smokers 
in developed countries has shown a significant 
decrease. Estimated in 2015, number of smokers 
in developed countries like America and Europe 
was around 15% of total population (West, 2017). 
In developing countries, the number of smokers 
increases every year, especially in the productive 
age (Hossain et al., 2017).

Smoke contains more than 4000 types various 
ingredients, including nicotine, ammonia, phenols, 
polycyclic aromatics, carbon monoxide, nitrogen 
oxides, and various metals (Kamceva et al., 2016). 
Two main phases that can be identified in cigarette 
smoke are tar phase and gas phase. Both phases 

contain high free radicals such as superoxide 
(O2●-) and hydroxyl (●OH) (Suryadinata, 2018). 
Increased free radicals in body due to exposure 
to smoke cigarettes entering airways will cause 
oxidative stress and trigger lipid peroxidation. 
This will potentially cause cell damage and 
necrosis (Suryadinata et al., 2019). Normally, 
free radicals are mitochondrial metabolism and 
can be neutralized by enzymatic antioxidants in 
body (Suryadinata et al, 2019). In pathological 
conditions, excessive free radicals will directly 
stimulate inflammatory response through 
phagocytic process of macrophages (Arulselvan 
et al., 2016).

Inflammatory process is a form of body 
defence mechanism against pathogenic reactions 
from outside. Various pro-inflammatory cytokines 
are secreted into body microenvironment such 
as interleukin-1, interleukin-6, interleukin-8, and 
tumor necrosis factor-alpha (TNF-α). Inflammatory 
mediator will induce liver to release C-Reactive 
Protein (CRP) into the blood (Phaniendra et al., 
2015). Prevention of inflammatory process due to 
free radical increase in the body can be done with 
administration of antioxidants from the outside. 
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Various types of non-enzymatic antioxidants can be 
obtained from food especially flavonoids (Pratiwi 
et al., 2018).

Mulberry fruit is one type of fruit that high 
in antioxidants. Mulberries originated from genus 
Morus of Moraceae family, to date there are 24 
species and 100 varieties (Zhang et al., 2018). 
Various studies have shown the provision of 
mulberry fruit has potential impact as antioxidant 
(Zhang and Shi, 2010). This study used red 
mulberry juice (Morus rubra) juice to reduce body 
inflammatory response due to exposure to tobacco 
smoke. Besides, red mulberries are also widely 
planted and consumed by Indonesian people so 
that at the same time can preserve local food. 
This study purpose is to analyze the efficacy of 
red mulberry juice to reduce levels of C-Reactive 
Protein in Wistar rats exposed to cigarette smoke. 

METHODS

This research was an experimental study with 
post-test control group design performed in 25 
male Wistar rats (Rattus norvegicus) which were 
divided into 5 groups for 30 days. Inclusion criteria 
in this study were experimental animals aged 3-4 
months with weight around 200 g. While the 
exclusion criteria are animals get sick or die during 
study. Maintenance and care of the animals during 
study are based on 3R principles (Replacement, 
Reduction, and Refinement). This research has 
been obtained Ethical Clearance Certificate from 
Institutional Ethical Committee, University of 
Surabaya (No:135/KE/VI/2020).

Red mulberries (Morus rubra) that have been 
obtained, sorted and cleaned in order to get fruit 
in good condition. Red mulberry juice that has 
been obtained then performed flavonoid levels 
measurement (±38 mg/g). Results of flavonoids 
levels that have been obtained then converted from 
daily needs of adults (± 190 mg/kg) into daily dose 
intake of Wistar rats with 200g body weight (± 240 
mg/rats) using Laurence and Bacharach table. The 
amount of red mulberry juice given orally to the 
treatment group was 3.25 g, 6.5 g, and 13 g.

The results of CRP level measurement are 
based on agglutination process in blood through 
intracardiac puncture. Dilution process show the 
results of C-Reactive Protein measurement i.e., > 

6 mg/L, 12 mg/L, 24 mg/L, 48 mg/L and 96 mg/L. 
Measurement results were classifi ed as positive 
if C-Reactive protein levels obtained more than 
6 mg/L, and negative if C-Reactive Protein level 
obtained were less than 6 mg/L.

This research was conducted for 30 days 
by dividing rats into 5 groups. The first was the 
negative control group, where animals did not 
received any treatment. In positive control group, 
animals received daily intake and exposure to   
2 tobacco cigarettes smoke per day in smoking 
chamber. While last three groups were exposed to 
2 tobacco cigarettes smoke per day, daily intake, 
and 3.25 g, 6.5 g, or 13 g red mulberry juice.

Results of study were ordinal data in the 
form of CRP levels in each group in mg/L units. 
CRP measurement method uses dilution to get a 
multiple of the result. CRP levels of >6 mg/L, 12 
mg/L, 24 mg/L and 48 mg/L will be carried out 
for coding. Data analysis was performed using 
Kruskal Wallis analysis with SPSS version 22 to 
observe differences between groups.

RESULTS AND DISCUSSIONS

Results of study were carried out by comparing 
C-Reactive Protein levels between groups. Table 
1. shows results of C-Reactive Protein level 
measurement in blood between group. Group I, IV,  
and V had the same levels of C-Reactive Protein. 
The highest  level of C-Reactive Protein obtained 
in Group II which is the Positive Control Group.

Kruskal Wallis test in Table 1 shows p-value 
of C-Reactive Protein levels between group was 
<0,001 (p-value <0.05), so it can be concluded 
that there are significant differences of C-Reactive 
Protein levels between groups.

Exposure to free radicals from tobacco smoke 
that enters respiratory tract causes body develop 
defence mechanisms to prevent the impact of 
cell damage due to oxidative stress (Indraswari  
et al., 2018). Antioxidant produced in body are 
enzymatic antioxidants (superoxide dismutase 
[SOD], glutathione peroxidase [GSH-Px], and 
catalase), while antioxidant from outside are non- 
enzymatic antioxidant derived from food intake 
such as flavonoids (Suryadinata et al., 2016). 
The balance between number of free radicals and 
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antioxidants is needed for the stability of body 
normal metabolic process (Biswas et al., 2017).

Reactive Oxygen Species (ROS) are the most 
reactive and radical types that directly respond   
to inflammation in body. These radicals can be 
neutralized with superoxide dismutase (SOD) 
into hydrogen peroxidase (H2O2) then will be 
neutralized with glutathione peroxidase (GSH-Px) 
and catalase into water (H2O) and oxygen (O2) 
(Nimse and Pal, 2015).

However, an increase in excessive free 
radicals can result in cell damage or necrosis. This 
process will cause cells to become lysis and is 
called debris cells (Vénéreau et al., 2015). This will 
stimulate the movement of macrophages as one 
mechanism of body defence. Phagocytic process 
carried by macrophages will trigger secretion of 
pro-inflammatory cytokines such as interleukin-1, 
interleukin-6, and tumor necrosis factor-alpha 
(TNF-α) (Thomsen et al., 2016). Excessive 
release of proinflammatory cytokines will induce 
liver to secrete C-Reactive Protein (Sproston and 
Ashworth, 2018).

Inflammatory processes in the body have 
positive and negative effects. In acute and low 
condition, Inflammatory processes will function 
as a defence and healing process for cell tissue, 
while if the condition is chronic, then it will have 
impact on cell damage. Exposure to cigarette 
smoke that given regularly and continuously 
will create chronic inflammatory conditions that 
have a negative impact on health (Srivastava and 
Kumar, 2015). Therefore, the administration of 
antioxidants through food intake is expected to 

be able to prevent the inflammatory process by 
decreasing free radicals.

Administration of red mulberry juice (Morus 
rubra) which rich in flavonoids shows its efficacy 
on decreasing levels of C-Reactive Protein in blood 
due to exposure to tobacco smoke. Therefore, the 
use of red mulberries as an additional intake of 
antioxidants from outside body can be considered 
as one way to prevent cell damage due to 
inflammatory process.

CONCLUSION

Exposure to tobacco smoke can increase 
body inflammatory response through increased 
levels of C-Reactive Protein in the blood. Giving 
red mulberry juice can reduce the response of 
inflammation caused by exposure to tobacco smoke 
in rats.
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