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ABSTRACT 

Background:  Many people are exposed to cigarette smoke unintentionally in numerous places worldwide. Cigarette 

smoke contains carbon monoxide, nicotine, and polycyclic aromatic hydrocarbons, which are toxic and can trigger the 

production of free radicals in the body.  

Objective: To study the impact of cigarette-smoke exposure twice daily for 30 days on 4-5 weeks Rattus norvegicus L. 

without or with a daily intake of the juice or ethanol extract of the red-dragon fruit peels H. costaricensis.   

Materials and Methods: Twenty-eight 4-5 weeks old male Wistar rats were randomly allocated into Control (not exposed 

to cigarette-smoke), exposed to cigarette-smoke only (Csmoke), exposed to cigarette-smoke and H. Costaricensis-peel juice 

(JcHc), exposed to cigarette-smoke and had H. Costaricensis-peel extract (ExHc). Cigarette-smoke exposure was given 

twice daily. The juice (3g/mL) and extract (3.15g/mL) were given for 30 days ad libitum. Feed and drink intake, body 

weight, and serum biochemistry (MDA, bilirubin, ALT and AST) were determined. Data were analyzed by ANOVA. 

Results: The positive control group with cigarette-smoke exposure (Csmoke) had a significant elevation in serum 

malondialdehyde (MDA), alanine-transaminase (ALT), and aspartate-transaminase (AST) and drinking water intake 

(p<0.05) but reduced feed intake and body weight (p<0.05). The JcHc and ExHc groups had reduced serum MDA, ALT, 

and AST and higher body weight and feed intake than the Csmoke, and the extract had a better reduction than the juice 

(p<0.05). Furthermore, the extract had a lower biochemical profile than the Control group (p<0.05).  

Conclusion: The disturbance in serum MDA, ALT, AST, water and feed intake, and body weight by cigarette smoke was 

ameliorated by H. costaricensis peel juice or extract daily for 30 days. H. costaricensis peel juice or extract can be used 

to prevent the adverse effects of cigarette smoke exposure and has the potential to be developed into valuable products. 
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BACKGROUND  

Many people of all ages are exposed to cigarette smoke unintentionally or involuntarily in various 

places and across the globe.1-3 These exposures threaten public health due to the increased mortality and 

morbidity of various non-communicable diseases at the population level.4,5 In 2019, data from 204 countries 

suggested that 7.69 million deaths were attributable to smoking tobacco use, which accounts for 13.6% of 

deaths worldwide.6 Encumbrance of this magnitude also negatively impacted healthcare and economic costs.7 

Meanwhile, cigarette smoke contains more than 7,000 toxic chemicals, some of which are carbon 

monoxide (CO), nicotine, benzo (a) pyrene, nitrous oxide (NO), and polycyclic aromatic hydrocarbons (PAH), 

which are dangerous free radicals.8 Radicals containing cigarette smoke are pro-oxidants, and a high amount 

of exposure to free radicals that enter the body reduces antioxidant enzymes such as Superoxide Dismutase 

(SOD), catalase, Glutathione Peroxidase (GSH-PX), and antioxidants such as glutathione, coenzyme Q10, and 

melatonin.9-12 Moreover, cigarette smoke also causes lipid peroxidation, which damages the normal cell 

membrane of the liver, causing cell leakage that leads to an increase in serum alanine transaminase (ALT) and 

aspartate transaminase (AST).13 Therefore, supplementary antioxidant intake possesses the potential to 

neutralise such radicals containing cigarette smoke exposure.  

Fruits and vegetables are natural sources rich in antioxidants. Numerous studies have explored and 

reviewed the role of antioxidants acquired from daily intake in combating oxidative stress, with results 

suggesting some positive effects.14-16 The red-purple dragon fruit (H. Costaricensis) has a high antioxidant 

content from the natural pigment's anthocyanins and phenolic compounds. The peels of H. costaricensis fruit 

retain the deep red-purple, which signifies its high pigment content and antioxidants. The total phenolic, 

antioxidant and antiproliferative activity of H. costaricensis fruit peels is better than the flesh, with no toxic 

compounds.17 Ethanol extract of H. costaricensis peels has an average total anthocyanin 58.0720 ± 
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0.0001mg/L and betacyanin 186.90 mg/100g dry weight, with antioxidant activity (IC50) 96.95 mg/L within 

5 minutes incubation.18 Another study also showed that red and white dragon peels have stronger antioxidant 

activity than pulps.19 One mg/ml dragon fruit H. polyrhizus extract can inhibit free radicals 83.48 ± 1.02%, 

while the fruit flesh inhibits only 27.45 ± 5.03%.19 Despite its potential as an antioxidant source, fruit peels 

have been neglected and wasted.  

A study of total oxidant status and oxidative stress index levels of active, passive, and non-smoker 

university students found that smoking reduces the plasma total antioxidant capacity and status.20 Another 

study showed that single cigarette smoking significantly decreased plasma antioxidant concentration.21,22  

Therefore, the underutilised peels of H. costaricensis fruit were studied to prevent the adverse effect of 

cigarette smoke exposure on serum biochemistry, i.e., MDA (oxidative stress indicator), bilirubin, ALT, and 

AST levels in Wistar rats, including body weight, food and drink intake. The Wistar rats were chosen as the 

standard and ideal laboratory animal for mammalian study.23 The Wistar rats enable researchers to control 

variables such as temperature, humidity, light, diet, and the tested intervention, i.e., cigarette exposure and H. 

costaricensis administration in this study, which is otherwise problematic in humans. 

 

MATERIALS AND METHODS 

Preparation of juice or ethanol extract of H. costaricensis peels 

H. costaricensis was collected from agro-tourism in Sleman Regency, Central Java.  H. 

costaricensis fruit peels were obtained by peeling the fruit's skin. The peels were blanched using water steam 

for 2 minutes, and then, after cooled, it was immediately packed in plastic and stored in the freezer until used. 

The peel juice was prepared by blending 100 g of the peels in 50 ml of drinking water. The blends were filtered 

using a tea filter, and the juice was stored in a refrigerator. The juice was given at 3 g/mL drinking water. The 

juice drink has a pinkish colour, indicating more anthocyanin content. 

The peel extract was obtained by weighing 1000 g of the peels and extracted by wet maceration 

technique in 1000 mL of 96% ethanol mixed with 1% HCl with a volume ratio of 9 to 1. The 96% or absolute 

ethanol was used as a fruit extraction solvent, which is the safest after water.24 While water extracts more polar 

compounds, 96% ethanol extracts more of less polar compounds. After 24 hours of maceration, the filtrate was 

collected by filtration. The filtrate was evaporated using a rotary vacuum evaporator to obtain a thick ethanol 

extract. The resulting filtrate was collected in a beaker glass, while the pulp was extracted again similarly. 

Extraction was repeated until all anthocyanins in the peels were extracted completely (the solvent was 

clear/colourless). All extracts were combined and then centrifuged for 15 minutes at 2000 rpm to separate the 

sediment and the supernatant. The supernatant obtained is then concentrated using a rotary vacuum evaporator 

at 40°C to get 30 ml of concentrated extract from the peels of the red-purple dragon fruit. The concentration 

of concentrated ethanol extract given to mice is 3.15 gr/ml drinking water. The extract drink is brownish, 

indicating higher levels of polyphenolic compounds. 

Animal Experimental Design 

Twenty-eight four to five weeks old male Wistar rats were randomly selected and divided into four 

groups, namely: control groups that were not exposed to cigarette smoke (Control), exposed to cigarette smoke 

(Csmoke), exposed to cigarette smoke and had Hylocereus costaricensis juice (JcHc), exposed to cigarette 

smoke and had H. costaricensis peels extract (ExHc). Each group consisted of seven rats. Each experimental 

rat was housed in individual hollow aluminium cages of 42x21x20 cm (length x wide, height). Wistar rats were 

kept in animal rooms with automatic room temperature control of 25 ± 20C, 70-90% relative humidity and a 

dark cycle of 12 hours per day. 

For cigarette smoke exposure daily for 30 days, the experimental rats in the cage were placed in an 

enclosure made of glass. The bottom of the enclosure was a wire screen. The enclosure has two spaces: the 

lower for a cigarette and the upper for smoke exposure. The cigarette was positioned in a cigarette holder in 

the lower space of the enclosure (Figure 1).  

A local commercial cigarette was ignited to produce the cigarette smoke. The smoke entered the upper 

space where the rats were placed. The lit cigarette was left burning till it went out. One cigarette smoke was 

given twice daily at 09.00 a.m. and 03.00 p.m. Feed (AIN - 93G) was delivered every morning at 08.00 ad 

libitum before cigarette smoke exposure.25 For the JcHc and ExHc groups, red-dragon fruit peel juice and 

extract, respectively, were provided via a drinking bottle that was freely accessible (ad libitum). The juice 

group received juice drinks only. The extract group received extract drinks only. No plain water bottle was 

given. Each group has only one type of drinking bottle according to the treatment (Figure 2). The volume of 
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the juice and extract in the drinking bottles for each rat was the same (50 mL). For the Control and C smoke 

groups, a regular drinking bottle with plain water was given and replaced with a fresh one daily. The remaining 

feed and drink of individual rats in each group were measured and recorded daily before the new replacement.  

 
Figure 1. Cigarette smoke exposure method 

 

The administration of H. costaricensis lasted for 30 days, considering our previous studies utilizing 

fruits and botanicals have shown positive effects.26-28 After 30 days of treatment, blood sampling was carried 

out by administering ketamine anaesthesia at 50 mg/kg, and blood was withdrawn via the sinus orbitalis. Serum 

was collected and stored frozen until serum MDA, bilirubin, ALT and AST were determined. This study had 

ethical clearance from the preclinical health research ethics commission of the Integrated Research and Testing 

Laboratory, No.00054/04/LPPT/V/2018 Gadjah Mada University, where the animal study was conducted. 

 

 
Figure 2. Animal Experimental Design. The grey square represents one rat housed individually 

The coloured bottle represents the juice (pinkish) and the extract (brownish) drinks. The Control and Csmoke groups 

received plain water. All bottles were filled with 50 mL drinks. 

 

Serum Malondialdehyde (MDA) as a marker of oxidative stress 

Serum MDA was determined to assess oxidative stress using the TBRS (2-thiobarbituric acid reactive 

substance) approach. MDA in the serum combines with TBRS in an acidic medium for 60 minutes at a 

temperature of 95°C to produce a reactive thiobarbituric acid product that can be detected 

spectrophotometrically at 534 nm.26  
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Serum Bilirubin 

Serum bilirubin was measured using a DiaSys kit (Diagnostic system GmBh) following the instruction 

manual. Diazotized Sulphanilic Acid (DSA) and bilirubin combine to generate a red-azo product that may be 

detected spectrophotometrically at 546 nm. 

Serum ALT and AST 

The serum alanine transaminase (ALT) and aspartate transaminase (AST) (previously designated as 

glutamic pyruvic transaminase (GPT) and glutamic oxaloacetic transaminase (GOT) were analysed following 

the instruction manual of DiaSys kit.27-30  

Statistical Analysis 

All data were analysed using Microsoft Excel 2019 version 2306 and SPSS Statistics 25 for Windows 

(Microsoft Corporation Redmond, WA, USA). The normality test was done using the Saphiro-Wilk test. 

Normal distribution was followed with one-way ANOVA and further analysed with a posthoc test when 

statistical significance was reached. When the data were not normally distributed, Kruskall-Wallis was used; 

and if the result was significant, further analysis with the Mann-Whitney test was performed. 

 

RESULTS 

In this experiment, cigarette smoke exposure to Wistar rats went well, as it could be observed from 

their behaviour, who were attracted to and approached cigarette smoke, sniffing and quietly enjoying it. The 

serum MDA, bilirubin, SGOT, AST, feed and drink intake, and body weight results are presented in Table 1. 

 
Table 1. Serum MDA, Bilirubin, ALT, and AST, Feed and Drink Intake, and Body Weight of Wistar Rats Exposed 

to Cigarette Smoke for 30 Days Without or With A Daily Intake of Hylocereus costaricensis Peel Juice and Ethanol 

Extract 

Variables Control Csmoke JcHc ExHc p 

MDA (mg/mL) 38.69±14.47b 59.47±15.76c 28.56±11.03b  15.19±8.65a 0.000* 

Bilirubin (mg/dL)   0.44±0.06    0.43±0.05    0.44±0.09    0.51±0.07 0.101 

ALT (U/L) 48.64±8.06b 55.16±9.48c 43.11±4.55b  34.63±8.67a 0.000* 

AST (U/L) 98.49±14.04b 133.33±30.31b 96.17±33.97b  77.90±18.02a 0.000* 

Feed Intake (g) 19.23±0.15c 16.90±0.28a  17.11±0.40b   17.46±0.30b 0.000* 

Drink Intake (mL)   8.97±0.39a 10.20±0.35b    8.53±0.31a   10.30±0.30b 0.000* 

Body Weight (g) 218.71±7.39c 156.71±11.66a 192.00±7.55b 197.14±12.09b 0.000* 

(Control): not exposed to cigarette smoke, (Csmoke): exposed to cigarette smoke only, (JcHc ): exposed to cigarette smoke 

with the intake of H. costaricensis peel juice, (ExHc): exposed to cigarette smoke with the intake of H. costaricensis peels 

extract. Each data is the average of seven replicate rats ± SD. Different letters within the same row mean significant at 

p<0.05. *significant p<0.05. 

 

The rats exposed to cigarette smoke alone (Csmoke) had significantly (<0.05) higher MDA, SGOT, and 

AST, drink intake but lower feed intake and body weight than the control rats not exposed to cigarette smoke 

(Control). The rats in the JcHc group had serum MDA, ALT, and AST similar to those in the control group. 

However, the rats in the ExHc group had significantly (<0.05) the lowest serum MDA, ALT and AST than 

Control, Csmoke and JcHc groups. The drink intake of the ExHc group was similar to the Csmoke group and was 

significantly higher than the Control group. The juice and extract groups had significantly higher body weight 

than the Csmoke group but were still lower than the Control group. 

 

DISCUSSION 

Table 1 shows that exposure to cigarette smoke increased MDA, ALT, and AST levels. Serum ALT 

and AST are biomarkers of hepatocyte integrity or cholestasis.31 These enzymes catalyse reactions crucial for 

gluconeogenesis and urea formation.32 Although their concentration is high in the liver, they are also present 

in the kidney, heart, skeletal muscle, and, to some extent, in the spleen, small intestine, and brain. The slightest 

disruption in hepatocyte membrane permeability can cause these enzymes to leak and be detectable, which 

may indicate necrosis or inflammation. It has been established that smoking creates a pro-inflammatory 

environment with the increase of cytokines, which then causes tissue inflammation and cell death.33,34 The rise 

in liver enzymes could also be due to harmful free radicals of cigarette smoke, including carbon monoxide 
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(CO), nicotine, and polycyclic aromatic hydrocarbon.8 Nicotine exposure has been shown to increase oxidative 

stress and hepatocellular apoptosis through multiple signalling pathways.35,36   

The increase in MDA levels correlates to producing reactive oxygen species (ROS), thus causing 

oxidative stress.36 Formation of MDA can occur when hydroxyl free radicals react with fatty acid components 

from cell membranes so that a chain reaction known as lipid peroxidation occurs. Lipid peroxidation will cause 

the breakdown of fatty acid chains into various compounds such as hydrocarbons (pentane, ethane) and 

aldehydes such as MDA. MDA is a dialdehyde compound that is the end product of lipid peroxidation in the 

body, which is toxic.37 High MDA levels can portray the process of liver damage, which, through the cell 

membrane oxidation process, can damage the cell membranes and lead to elevated liver enzymes.  38 

Radicals of cigarette smoke inhaled into the lungs and the bloodstream will be distributed throughout 

the body and cause damage to the membranes of the cells of various tissues, one of which is cells of the liver, 

a processing center of drugs and toxicants.39-41 Damage to the liver cell membrane causes the liver enzymes in 

cells to leak and enter the blood circulation, resulting in increased serum levels.41-43 The serum and salivary 

liver enzyme levels in male smokers who smoked at least ten cigarettes per day for 15 years or more than 100 

over a lifetime increased sharply compared to non-smokers.13, 44 Microsomal enzymes in the liver bind 

chemicals such as tar in cigarette smoke, transporting nicotine to the lungs and can cause cancer.41, 45 Cigarette 

smoking enhances lipid peroxidation, and this peroxidation is responsible for the observed fatty degeneration 

in the liver.46 

The rats treated with juice (JcHc) or extract (ExHc) had lower MDA, ALT, and AST levels than the 

group exposed to cigarette smoke only (Csmoke) and even lower than the Control group. It showed that the 

antioxidant content of H.costaricensis peels in juice or extract could reduce MDA, ALT, and AST levels in 

Wistar rats exposed to cigarette smoke. MDA, ALT, and AST levels in the ExHc group were the lowest 

compared to the other three groups of rats. Such lower levels, presumably due to the active substance in the 

extracts, namely anthocyanin and polyphenolic compounds, which function as antioxidants, are higher than in 

juice and more effective in reducing MDA, ALT, and AST. A higher antioxidant in extracts neutralizes 

cigarette smoke radicals and can also likely regenerate liver cells damaged by free radicals; therefore, the 

serum ALT and AST decrease in this group is the highest (lowest level of ALT and AST). All groups did not 

have differences in bilirubin levels, and this is because bilirubin is not a sensitive indicator to show the effect 

of antioxidant administration. 

The control rats not exposed to cigarette smoke had the highest feed intake, manifested in the highest 

body weight among all groups. In the Csmoke group, the feed consumption and body weight were lowest 

among all groups, which proved that exposure to cigarette smoke decreased appetite in Wistar rats, whereas, 

in the group of H.costaricensis peel juice (JcHc) and extract (ExHc), the feed intake and body weight are 

higher than the group exposed to cigarette smoke only (Csmoke) even though it is still not equal to Control 

group. It also proved that supplying H.costaricensis peel juice or extracts as antioxidants improved cigarette 

smoke-decreased appetite in Wistar rats. The group exposed to cigarette smoke only (Csmoke) consumed more 

drinks than the rats not exposed to cigarette smoke (Control). These results showed that exposure to cigarette 

smoke increases drinking water consumption, possibly due to higher water requirements to neutralize or 

metabolize radicals in inhaled cigarette smoke. Such a mechanism was supported by increasing serum ALT 

and AST levels in the Csmoke group. Exposure to cigarette smoke radicals in vivo causes lipid peroxidation, 

which causes damage to normal liver cell membranes. The damage can cause leakage of intra-cellular 

transaminase enzymes into the blood resulting in increased levels of AST and ALT.47 The rats 

receiving H.costaricensis peel juice (JcHc) consumed less drinks than the group given H.costaricensis peels 

extract (ExHc), which is probably an indication that the intake of H.costaricensis peels extract (ExHc) requires 

more water consumption to metabolize higher levels of the active substance (anthocyanin and polyphenol). 

This mechanism is in line with the metabolism of polyphenolic compounds in vivo by conversion into a more 

hydrophilic form and enabling their excretion via bile or urine.48, 49   

 

CONCLUSIONS 

Exposure to one cigarette smoke twice daily caused an increase in oxidative stress as indicated by 

elevated MDA levels, liver cell damage characterized by a marked increase in serum AST and ALT levels, 

water consumption, decreased feed consumption, and weight loss. Daily intake of the juice or ethanol extract 

of H. costaricensis fruit peels can restore the disrupted MDA, AST and ALT, feed and drink intake, and weight 

loss. Therefore, the underutilized peels of H. costaricensis fruit can be developed into a valuable product to 

prevent cigarette smoke-induced oxidative stress and reduce food waste. 
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