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Abstract
Background: Nicotine, a psychoactive compound from the tobacco plant, produces a reward
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effect that potentially causes addiction. It is postulated that nicotine addiction occurs through
increased reactive oxygen species production in nucleus accumbens, which causes damage to
the endogenous antioxidant defense system resulting in an increased need for nicotine intake,

which leads to addiction. The antioxidants, andrographolide and epigallocatechin gallate
Keywords: (EGCG), are expected as potential substances to decrease the risk of nicotine addiction. This
-And.ro;.;rapholide study aimed to analyze the effect of andrographolide and EGCG on the risk of addiction induced
~Antioxidant by nicotine and cigarette smoke extract (CSE) in mice.

“CSE Methods: Thirty-five Balb/c male mice, divided into seven groups, were used in this study. The
“EGCG administered drugs were normal saline 1.0 mL/kg BW as control group, nicotine 0.5 mg/kg BW,
-Nicotine

CSE 1.0 mg/kg BW, andrographolide 50 mg/kg BW, and EGCG 50 mg/kg BW as pre-treatment.
~Tobacco addiction Conditioned place preference (CPP) with a biased design method was used to evaluate the
reward effects induced by nicotine and CSE. Several stages were carried out, namely pre-
conditioning, conditioning, post-conditioning, extinction, and reinstatement tests.

Results: Based on the CPP score, both nicotine (p<0.001) and CSE (p<0.001) groups increased
the reward effect significantly compared to that of the normal saline group. The andrographolide
+ nicotine (p<0.001) and EGCG + nicotine (p<0.001) groups decreased the reward effect
significantly compared to that of the nicotine group without pharmacological treatment.
Similarly, the andrographolide + CSE (p<0.001) and EGCG + CSE (p<0.01) groups decreased
the reward effect significantly compared to that of the CSE group without pharmacological
treatment.

Conclusion: Andrographolide and EGCG lower the risk of addiction induced by nicotine and
CSE:

Introduction
Tobacco smoking remains a complex global health
problem worldwide."* A study released by the Center for
Disease Control and Prevention (CDC) reveals that the
exposure to tobacco smoking, especially conventional
cigarettes, causes about 440,000 deaths each year, 40% due
to cancer, 35% due to heart disease and stroke, and 25%
due to lung cancer.! Another study revealed that smoking-
related diseases were responsible for more than 40 million
deaths in Canada, the United Kingdom, and the United
States cumulatively from 1960 to 2020.> These studies
showed that high consumption of tobacco smoke results in
a higher burden of disease and death from smoking.
Several studies have confirmed that tobacco smoke
contains no less than 7000 compounds. About 250
compounds are classified as carcinogenic or harmful

compounds.” Nicotine is an alkaloid that has a
psychoactive activity, which is commonly found in tobacco
plants.* Continuous nicotine exposure physiologically
causes addiction and compulsive behavior to obtain
nicotine.” Nicotine addiction occurs because nicotine
exposure causes activation of nicotinic acetylcholine
receptors (nAChRs) on dopaminergic neurons to increase
dopamine release in the mesocorticolimbic system.®

The stages of nicotine addiction are divided into
three stages, namely the acquisition, withdrawal, and
reinstatement stages. The acquisition stage is when nicotine
exposure induces a reward effect because the stimulation of
central nAChRs by nicotine causes the release of dopamine
in the mesocorticolimbic area, corpus striatum, such as
feelings of pleasure, euphoria, and feelings of calm which
play a crucial role in the initiation of smoking habits.”® In
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the withdrawal stage, when desensitization of nAChRs has
occurred, then nicotine exposure is reduced or stopped,
causing adverse effects such as anxiety, depression,
difficulty in concentrating, insomnia, or dysphoria due to
decreased responsiveness associated with stimulation of
the reward effect by nicotine.*” Then, the reinstatement
stage is when nicotine exposure is inhibited after some
time. The stimulus in the form of nicotine exposure again
results in the desire to get nicotine again, representing a
relapse.®’

In a cocaine addiction study, increased production
of reactive oxygen species (ROS) caused a decrease in
endogenous antioxidant activity indirectly through an
increase in dopamine in the mesocorticolimbic system.
It led to oxidative stress (OS).'° The same thing happened
to nicotine, where nicotine exposure resulted in ROS
production that contributed to drug addiction. In vivo
studies have shown that nicotine with low concentrations
(0.1 uM) induces a significant increase of ROS in
mesencephalic cells.!" The administration of nicotine to
mice decreased the activity of superoxide dismutase (SOD),
an antioxidant enzyme, significantly, thereby increasing
the production of ROS and causing OS." Increased ROS,
if not balanced with endogenous antioxidants, such as
SOD, may result in desensitization of nAChRs and is
hypothesized to have implications for increased risk of
nicotine addiction.'*"?

Andrographolide is an active compound derived from
the plant Andrographis paniculata, which has many uses,
one of which is a natural antioxidant. These compounds
are distributed across the blood-brain barrier (BBB) and
act as neuroprotective. In one study, the administration
of andrographolide increased SOD activity. It decreased
ROS production in the mitochondria of the brains of rats
exposed to nicotine." Epigallocatechin gallate (EGCG) is
the most potent antioxidant of catechins and is also known
as a free-radical scavenger. The ability of EGCG as a free-
radical scavenger is proven by its ability to extinguish OH
radicals 100 times more effectively than mannitol, a typical
OH radical scavenger.”” Furthermore, EGCG is known
to increase the expression of nuclear factor erythroid
2-related factor 2 (Nrf2) and y-glutamyl cysteine synthetase
(y-GCS), thereby increasing antioxidant capacity and
promoting repair of oxidative damage in the brains of
mice.'*"” Thus, andrographolide and EGCG are potential
to be developed as a therapeutic approach in overcoming
the risk of nicotine addiction.

Currently, several approved therapies are available to
treat addiction to nicotine or tobacco products, including
nicotine replacement therapy (NRT), bupropion, and
varenicline.'® However, clinical trials showed that smoking
cessation rates range from only 10-20% for NRT, 15-25%
for bupropion, and 23-40% for varenicline."” Therefore, this
topic has attracted academics and researchers to conduct
studies both in vitro and in vivo to develop alternative
therapies in overcoming nicotine addiction."?'

Based on the above explanation, the effect of increasing

SOD and decreasing ROS in the brain produced by
andrographolide and EGCG may inhibit signaling in
reward-related behavior in association with nicotine
addiction in the dopaminergic pathways of the
mesocorticolimbic system. No recent studies evaluated the
activity of andrographolide and EGCG in treatingnicotine
addiction. This study was conducted to observe the effect
of andrographolide and EGCG on the risk of nicotine
addiction after administration of nicotine and cigarette
smoke extract (CSE), particularly related to the reward
effect formed.

Materials and Methods

Experimental animals

Balb/c male mice, with the bodyweight of 20-30 grams and
8-12 weeks old, in healthy status, with normal behavior,
and no visible abnormalities in the body were used in this
study. The conditions of the cages for mice were regulated
by a dark/light cycle, each 12 hours dark and 12 hours
light, humidity (60 + 10%), and temperature (25 + 2 °C).
All mice were acclimatized for seven days before treatment.
The treatment protocol of experimental animals were
carried out at the Animal Laboratory Research Center at
the Faculty of Pharmacy, Universitas Airlangga, Surabaya,
Indonesia.

Drugs and experimental design

Andrographolide was purchased from Tokyo Chemical
Industry (Japan), and EGCG was obtained from Professor
Djoko Agus Purwanto (Universitas Airlangga, Indonesia).
Andrographolide and EGCG were prepared recenter
paratus, not more than 30 minutes before use. Nicotine was
purchased from Sigma-Aldrich (United States), dissolved
in normal saline (0.9% NaCl) from PT. Otsuka Indonesia.
Furthermore, the preparation of CSE refers to the protocol
developed previously by using a device that bubbles the
smoke extract from lit commercial filter cigarettes into
normal saline to obtain water-soluble components from
cigarette smoke, such as nicotine and minor alkaloids. The
cigarette is smoked for 2 seconds followed by 30-second
intervals in 35 ml of normal saline. CSE is prepared recenter
paratus every time it is treated to avoid degradation of the
compounds contained in it.*

Regarding the experiment, 35 mice were randomly
divided into seven groups (n=>5) consisting of: (1) the
control group injected with normal saline 1 ml/kg BW
subcutaneously (s.c.); (2) the nico group injected with
nicotine 0.5 mg/kg BW s.c; (3) the CSE group injected
with CSE 1.0 mg/kg BW s.c.; (4) the andro + nico group
injected with andrographolide 50 mg/kg BW ip. and
followed by injection of nicotine 0.5 mg/kg BW s.c.; (5)
the andro + CSE group injected with andrographolide 50
mg/kg BW i.p. and followed by injection of CSE 1.0 mg/kg
BW s.c.; (6) the EGCG + nico group injected with EGCG
50 mg/kg BW ip. and followed by injection of nicotine
0.5 mg/kg BW s.c; (7) the EGCG + CSE group injected
with EGCG 50 mg/kg BW i.p. and followed by injection of
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Pre-conditioning Conditioning Post-conditioning Extinction test Reinstatement
test (day 1) test (day 2—4) test (day 5) (day 6, 8, 10, 12) test (day 13)
Timeline
(day) 1 T 3 4‘1 67 89101112 13
Injected with normal Extinction Injected with normal

saline, nicotine, CSE,
andrographolide, EGCG
(according to each
treatment group)

(day 6-12) saline, nicotine, CSE,
andrographolide, EGCG
(according to each

treatment group)

Figure 1. Operational timeline of the conditioned place preference (CPP) method.

CSE 1.0 mg/kg BW s.c. Either andrographolide or EGCG
was injected 60 minutes before nicotine or CSE injection.
Furthermore, at 10 minutes after injection of nicotine or
CSE, mice were tested on a conditioned place preference
(CPP) instrument, which consisted of two compartments,
namely a black compartment with a smooth floor and a
white compartment with a rough bottom. The CPP method
with a biased design in which the drug is placed in the
least preferred compartment and vice versa, the vehicle is
paired with the preferred compartment is used to evaluate
the effect of reward or addiction level. This method
consists of several stages: preconditioning, conditioning,
and postconditioning tests followed by extinction and
reinstatement tests (briefly shown in Figure 1).

Pre-conditioning evaluation

The pre-conditioning test was performed on day 1 to
determine which compartment was paired with the
drug. Mice were placed in the middle between the two
compartments and then left for 15 minutes to choose the
compartment freely. The duration of time spent by mice in
each compartment was recorded. Then, the less preferred
compartment is paired with the drug.

Conditioning evaluation

The conditioning test was carried out for three days (days
2-4) twice a day, which was in the morning (09.00 am) and
in the afternoon (03.00 pm) with the administration of
drugs or normal saline according to the specified schedule.
This phase is the stage of acquisition or intoxication in
the initial cycle of addiction. On day 2, mice were given
normal saline 1 ml/kg BW s.c. in the morning in all groups
and paired with the preferred compartment for 30 minutes
by being given a closed intercompartment bulkhead. Then,
in the afternoon, the mice were given treatment according
to their respective treatment groups (group 1 — group 7)
as previously described, then put into the less preferred
compartment for 30 minutes. On day 3, all mice were
treated with a morning and evening shift schedule from
the second day. On day 4, all mice were treated with a
morning and evening alternation schedule from the third
day (given the same treatment as the second day).

Post-conditioning evaluation

The post-conditioning test was performed on day 5 to
see an increase in time in the drug-paired compartment,
representing an emergent reward effect or acquisition
stage. The test procedure is the same as the test procedure
for the pre-conditioning test.

Extinction evaluation

The extinction test was carried out on days 6, 8, 10, 12
to observe the occurrence of withdrawal (reduction of
reward effect) on nicotine or CSE because the exposure
was stopped. At this stage, all mice were not administered
with any injection of vehicle or drugs for seven days (days
6-12). The extinction test procedure is the same as the pre-
conditioning and post-conditioning tests.

Reinstatement evaluation

The reinstatement test was carried out on day 13 to observe
whether there was a tendency to relapse due to nicotine
or CSE administration again after extinction. At this stage,
mice were administered with normal saline, nicotine,
CSE, andrographolide, and EGCG according to their
respective treatment groups. After 10 minutes, the mice
were put into the CPP instrument for observation of place
preference for 15 minutes with the same procedure as the
pre-conditioning, post-conditioning, and extinction test
procedures.

Data analysis

The normality of data was evaluated using the Kolmogorov-
Smirnov test. A parametric one-way analysis of variance
(ANOVA) method and continued with Tukey’s posthoc
test was used when data showed normal distribution. All
data obtained were analyzed statistically using Graph-Pad
Prism 9.0 software. Data are presented as mean + SEM
values.

Results

Andrographolide and EGCG attenuate nicotine-induced
reward effect in mice

In this study, the nicotine-induced reward effect in mice
was represented by the CPP score obtained by calculating
the difference between the post-conditioning test and
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the pre-conditioning test scores. The results obtained
showed a significant increase in CPP scores in the
nicotine group (p<0.001) and the CSE group (p<0.001)
compared to the control group. The nicotine group which
previously received pharmacological treatment with
andrographolide (p<0.001) or EGCG (p<0.001) showed
a significantly lower CPP score than the nicotine group
without pharmacological treatment. Likewise, the CSE
group which received pharmacological treatment with
andrographolide (p<0.001) or EGCG (p<0.01) showed a
significantly lower CPP score compared to the CSE group
without pharmacological treatment. Overall data regarding
the mean CPP scores in each group is shown in Figure 2.

Effect of andrographolide and EGCG on the extinction
and relapse of addiction in mice
After the post-conditioning test was carried out, the
extinction phase was then monitored. This stage is aimed
at observing the tendency to decrease the reward effect of
nicotine, which is represented by a decrease in the time
spent by mice in the compartment paired with the drug
compared to the post-conditioning results. The results
obtained showed that in the nicotine group, there was a
significant reduction in the extinction phase compared to
the post-conditioning phase (p<0.05). Meanwhile, in the
nicotine group receiving pharmacological treatment with
andrographolide (p>0.9999) or EGCG (p=0.7880), there
was no reduction in time in the extinction phase compared
to the post-conditioning phase.

The extinction test was followed by a reinstatement
test on the next day, which was aimed at observing

% %k %k
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CPP score (seconds)
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CONTROL NICO CSE ANDRO ANDRO EGCG EGCG
+NICO +CSE +NICO +CSE

Treatment groups

Figure 2. Andrographolide and EGCG attenuate nicotine-induced
reward effect in mice. CPP score data is shown as mean value +
SEM. ***p < 0.001 versus CONTROL; ###p < 0.001 versus NICO;
AAAp < 0.001 versus CSE; AAp < 0.01 versus CSE. CONTROL :
normal saline 1 ml/kg BW; NICO : nicotine 0.5 mg/kg BW; CSE :
CSE 1.0 mg/kg BW; ANDRO + NICO : andrographolide 50 mg/kg
BW + nicotine 0.5 mg/kg BW; ANDRO + CSE: andrographolide 50
mg/kg BW + CSE 1.0 mg/kg BW; EGCG + NICO : EGCG 50 mg/
kg BW + nicotine 0.5 mg/kg BW; EGCG + CSE : EGCG 50 mg/kg
BW + CSE 1.0 mg/kg BW.

the potential for nicotine relapse characterized by an
increase in the time the mice spent in the drug-paired
compartment, compared to the extinction phase. The
results obtained showed that in the nicotine group
(p=0.9553), the CSE group (p=0.5631), the nicotine
group previously given pharmacological treatment with
andrographolide (p>0.9999) or EGCG (p=0.9868), and the
CSE group previously given pharmacological treatment
with andrographolide (p=0.9998) or EGCG (p>0.9999)
there was no significant increase in the time spent in the
drug-paired compartment of the mice in the reinstatement
phase compared to the extinction phase. Overall, the
data related to the comparison of the results of the post-
conditioning test, extinction test, and reinstatement test
are shown in Figure 3.

Discussion
Nicotine is the main component in cigarettes that is
pharmacologically active and causes addiction.” In
preclinical research, the majority of nicotine addiction
model development mostly uses nicotine induction.
However, this model does not describe smoking addiction
comprehensively because cigarettes contain various
compounds whose role in smoking addiction was not fully
explored. CSE is an approach to obtain constituents other
than nicotine from cigarettes, especially water-soluble
compounds inhaled from cigarette smoke that has the
potential for preclinical research using acquisition, reward,
and reinforcement models.*

The dose of nicotine used in this study was 0.5 mg/
kg BW considering that at this dose, nicotine induces a
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& EXTINCTION DAY 7
REINSTATEMENT

8001 *

compartment (seconds)
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Time spent in drug-paired
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ANDRO  ANDRO EGCG EGCG

Treatment groups

Figure 3. Effect of andrographolide and EGCG on the extinction
and relapse of addiction in mice. Data regarding the time the mice
spent in the drug-paired compartment were shown as mean +
SEM . values. *p < 0.05 versus post-conditioning (in NICO group).
CONTROL : normal saline 1 ml/kg BW; NICO : nicotine 0.5 mg/kg
BW; CSE : CSE 1.0 mg/kg BW; ANDRO + NICO : andrographolide
50 mg/kg BW + nicotine 0.5 mg/kg BW; ANDRO + CSE:
andrographolide 50 mg/kg BW + CSE 1.0 mg/kg BW; EGCG +
NICO : EGCG 50 mg/kg BW + nicotine 0.5 mg/kg BW; EGCG +
CSE : EGCG 50 mg/kg BW + CSE 1.0 mg/kg BW.
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reward effect.”*** Meanwhile, the administered dose of CSE
is twice the nicotine dose, which is 1.0 mg/kg BW because
at that dose, it has been optimized and produces a reward
effect equivalent to 0.5 mg/kg BW nicotine. With these
doses, when converted to adult human subjects (weighing
70 kg) the administered dose was equivalent to nicotine
35 mg/day and CSE 70 mg/day. Based on clinical studies,
daily intake of nicotine averaged 37.6 (£17.7) mg but
varied widely among subjects (10.5 to 78.6 mg).” Thus, the
nicotine and CSE doses administered in this study were in
line with the nicotine doses consumed by smokers.

However, the nicotine concentration in CSE used in this
study was not evaluated, thus opening the opportunity
for further exploration regarding whether the nicotine
concentration in the CSE group at a dose of 1.0 mg/kg
BW was comparable to the nicotine concentration in the
0.5 mg/kg BW group or not. Further exploration is also
important to determine whether the resulting reward
effect is dominated by the effects of nicotine or is also
influenced by various other compounds contained in CSE.
Both nicotine and CSE were administered to mice by the
subcutaneous route because based on previous studies, the
use of this route provided a stronger and more consistent
addictive effect than the intravenous route."”” Furthermore,
the dose of andrographolide and EGCG used was 50 mg/kg
BW intraperitoneally. The dose and route of administration
chosen were based on a previous study which revealed that
the administration of andrographolide 50 mg/kg BW i.p.
decreased tissue MDA levels and increased SOD levels
in the rat brain.”® Then, the administration of EGCG 50
mg/kg BW i.p. was also shown to provide endogenous
protection against hepatic ischemia-reperfusion injury in
mice due to increased ROS.***® Meanwhile, the schedule of
andrographolide and EGCG administrations refers to the
schedule of nicotine and CSE administrations.

The first stage in the addiction cycle is acquisition. In the
CPP method, this stage is represented by the CPP score.
The findings obtained in this study indicate that the test
group injected with nicotine or CSE has been shown to
provide a reward effect that contributes to an increased risk
of addiction. This was confirmed by the CPP score of the
nicotine or CSE group, which was significantly higher than
that of the control group (injected with normal saline).
This study is also in line with previous findings, which
suggested that subcutaneous administration of nicotine 0.5
mg/kg BW resulted in a significant preference for the drug-
paired compartment.* The rewarding effect may arise
because nicotine stimulates nerves to interact with the
basal forebrain, particularly the nucleus accumbens (NAc).
Furthermore, there is an increase in dopamine, serotonin,
and other neurotransmitters that activate the mesolimbic
and mesocorticolimbic dopamine systems, strengthening
the positive effects of nicotine.”

Based on the results of previous studies, the
administration of CSE provides a more significant reward
effect than the administration of nicotine because CSE
contains ingredients other than nicotine which function

to inhibit monoamine oxidase (MAQO), which increases
dopaminergic and  serotonergic  neurotransmitters
that contribute to self-administration or addiction.?**
Meanwhile, a more significant reward effect could also be
associated with higher nicotine concentrations in the CSE
group than in the nicotine group. However, the average
CPP score between the test groups receiving nicotine
and CSE was not significantly different in this study.
This finding may be caused by a lot of smoke comes out
of the device so that the content of nicotine and other
substances are reduced during the smoking process. These
conditions may result in a low concentration of nicotine
in the CSE. Furthermore, this condition is also described
in a review which states that CSE has limitations, e.g. the
levels produced vary according to the tool settings and
environmental parameters.*

The nicotine or CSE group previously given
pharmacological treatment with andrographolide or EGCG
did not experience a significant increase in CPP scores
compared to the control group, but each was significantly
different compared to the nicotine group and the CSE
group. The above findings indicate that the administration
of andrographolide and EGCG attenuates the reward effect
induced by nicotine or CSE, resulting in a reduced risk of
addiction. In addition to nicotine stimulation of the NAc,
the reward effect is also strengthened as a result of the toxic
effects of cigarette smoke on the brain due to increased
ROS production, which results in the destruction of the
endogenous antioxidant defense system in the NAc, so
that the response of nAChRs to nicotine will increase.”
Antioxidants andrographolide and EGCG are thought to
reduce or even prevent this mechanism by attracting ROS
through their polyphenol hydrogen groups.” Furthermore,
both andrographolide and EGCG were shown to reduce
inflammation-mediated dopaminergic neurodegeneration
in mesenphalic neuron-glia by inhibiting microglial
activation.’*? Microglial activation results in the induction
of pro-inflammatory signaling to the nucleus accumbens
which is a central location in the nicotine addiction
process.” Overall, in addition to their potential antioxidant
action, andrographolide and EGCG may reduce the
risk of nicotine addiction through microglial inhibition
mechanisms and  reduce inflammation-mediated
dopaminergic neurodegeneration.

The second stage in the addiction cycle is the withdrawal
effect. In the CPP method, this stage is represented by
the extinction phase. In this phase, an extinction test is
conducted to determine the level of strength of nicotine or
CSE and how long the drug-seeking behavior lasts when
nicotine or CSE is discontinued.” The findings obtained
indicate that the test group experiencing extinction is
the nicotine group, with the average time spent in the
drug-paired compartment during the extinction test
experiencing a significant decrease compared to the
post-conditioning test. Several studies confirm that the
reward effect resulting from previous drug exposure has
been reduced when reaching extinction, and causes a
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withdrawal effect.??** This withdrawal effect occurs
because the dopamine function of the reward effect
decreases and stress neurotransmitters in the brain, such
as corticotropin and dynorphin, increase in the extended
amygdala nerves, resulting in negative responses such as
fatigue and decreased mood.”**

The CSE group also tended to experience decreased
mean time spent in the drug-paired compartment during
the extinction test compared to the post-conditioning
test, but not significantly. In CSE, there are constituents
involved in the MAO inhibitory mechanism which causes
the accumulation of dopamine and serotonin levels in
the Nac resulting in a more robust addiction response so
that the reward effect lasts longer than the reward effect
produced by nicotine administration.®®* Meanwhile,
in the control treatment group, as well as the nicotine
or CSE group, which had previously been administered
with andrographolide or EGCG treatment, all three did
not show extinction. This finding is possible because the
administration of andrographolide or EGCG reduces and
prevents the reward effect so that when nicotine or CSE is
discontinued, it does not result in a decrease in the reward
effect that causes a withdrawal effect.’

The last stage of the addiction cycle is the reinstatement
(preoccupation) stage, which is the stage where relapse
occurs and shows drug-seeking behavior after drug
withdrawal.”* In the CPP method, this stage is represented
through a reinstatement test.” Reinstatement or relapse
was indicated by the average time spent in the drug-paired
compartment during the reinstatement test increased
compared to the 7th day of extinction test.”® Inductions
that cause relapse include drug induction, which in this
study is nicotine or CSE induction, and stress induction.
The findings showed that the nicotine and CSE-treated
groups both tended to experience an increase in the mean
time spent in the drug-paired compartment during the
reinstatement test compared to the 7th day of extinction,
but this was not statistically significant. Reinstatement
failure from prior nicotine administration was also found,
where nicotine administration alone did not cause relapse
upon re-administration but succeeded in causing relapse
in rats administered before nicotine administration. This
happens for several reasons, such as dose differences, time
intervals between drug administration and testing, route
of drug administration, and administration of stimuli
that play an essential role in increasing the response to
reinforcement.””*

Furthermore, there was no relapse in the CSE group,
which may be because the CSE group has not experienced
extinction. Relapse or reinforcement may occur when
the experimental animal has experienced extinction
and has shown drug-seeking behavior** An extinction
test period of more than seven days may be required to
observe relapse in the CSE group. As for the nicotine or
CSE group previously administered andrographolide or
EGCG treatment, there was no relapse, as evidenced by
the absence of an increase in time spent in the drug-paired

compartment during the reinstatement test compared to
the extinction test. Experimental animals administered
with andrographolide or EGCG treatment before being
injected with nicotine or CSE did not experience relapse, as
was also found in the control group. This is because these
groups did not previously experience the reward effect in
the acquisition phase and did not experience drug-seeking
in the extinction phase.

Takenalltogether, thisisthefirststudythathassuccessfully
explored the potential of andrographolide and EGCG
in reducing the risk of nicotine addiction. Based on the
findings of this study, there are still limitations, challenges,
and opportunities for further studies. There are limitations
related to the lack of knowledge of nicotine concentrations
in CSE used in this study. Therefore, to strengthen the
findings obtained, it is necessary to conduct further research
related to the analysis of nicotine concentrations in CSE. In
this study, there are also challenges and opportunities in
the future, that is to investigate the underlying mechanisms
or signaling pathways related to the potential efficacy of
andrographolide and EGCG in reducing the risk of nicotine
addiction (e.g. oxidative stress, microglial inhibition, and
inflammation-mediated neurodegeneration pathways).
In addition, further developments may be carried out i.e.
developing the non-invasive dosage forms (e.g. oral dosage
forms) that are ideal as a preventive therapeutic approach to
overcome nicotine addiction. However, the administration
of andrographolide and EGCG at a dose of 50 mg/kg BW
i.p. has been shown to reduce the risk of nicotine addiction
too high when converted to an oral dosage form. Thus, for
further development, optimizations should be carried out
using dose variations to obtain the minimum dose needed
to produce a nicotine addiction risk-reduction effect.
Evidently, the findings of our present studies serve as the
basis for further development.

Conclusion

In summary, the findings indicate that andrographolide
and EGCG may lower the risk of addiction and are potential
to be developed as a preventive therapy for smoking
cessation. Further research to study the mechanism of
action of andrographolide and EGCG in lowering the
risk of nicotine addiction and clinical trials need to be
conducted to support the findings of this study.

Ethical Issues

All protocol in this study was prepared based on the
Guidelines for the Care and Use of Laboratory Animals
issued by the National Institutes of Health revised in
1985 and approved by the research ethics committee of
the Faculty of Veterinary Medicine Universitas Airlangga
(Animal Care and Use Committee) with a certificate of
ethical clearance No. 2.KE.064.06.2021.

Acknowledgements
Gratitude is owing to our colleagues from the Department
of Pharmacy Practice, Faculty of Pharmacy, Universitas

522 | Pharmaceutical Sciences, 2022, 28(4), 517-524



Andrographolide and Epigallocatechin Gallate Reduce the Risk of Nicotine Addiction

Airlangga for technical support over this research.

Author Contributions

SS

validated and monitored the experimental study.

KI validated the experimental study and collected the
relevant data. ADN drafted and revised the manuscript
and conducted formal analysis of the data. VS and NRP
collected the relevant data and visualized the collected
data. CA created the methodology of the study and revised
the manuscript. YY created the concept and provided the
resources of the study. MR created the concept and the
methodology of the study and obtained the funding of the
study. All authors read and approved the final manuscript.

Conflict of Interest
The authors report no conflicts of interest.

References

1.

10.

11.

Jamal A, Gentzke A, Hu SS, Cullen KA, Apelberg B],
Homa DM, et al. Tobacco use among middle and high
school students—United States, 2011-2016. MMWR
Morb Mortal WkKkly Rep. 2017;66(23):597-603.
doi:10.15585/mmwr.mm6623al

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.
doi: 10.7554/eLife.49979

Baran W, Madej-Knysak D, Sobczak A, Adamek E.
The influence of waste from electronic cigarettes,
conventional cigarettes and heat-not-burn tobacco
products on microorganisms. ] Hazard Mater.
2020;385:121591. doi:10.1016/j.jhazmat.2019.121591
Cole RD, Parikh V. Nicotine dependence in
schizophrenia: contributions of nicotinic acetylcholine
receptors. In: Preedy VR, editor. Neuroscience of
nicotine. Cambridge: Academic Press; 2019. p. 135-43.
doi:10.1016/B978-0-12-813035-3.00017-4
Prochaska]J, Benowitz, NL. The past, present, and future
of nicotine addiction therapy. Annu Rev Med. 2016;67:
467-86. doi:10.1146/annurev-med-111314-033712
D’souza MS, Markou A. Neuronal mechanisms
underlying development of nicotine dependence:
implications for novel smoking-cessation
treatments. Addict Sci Clin Pract. 2011;6(1): 4-16.
Markou A. Neurobiology ofnicotine dependence. Philos
Trans R Soc Lond, B, Biol Sci. 2008;363(1507):3159-68.
d0i:10.1098/rstb.2008.0095

Benowitz NL. Nicotine addiction. N Engl ] Med.
2010;362(24): 2295-303. doi:10.1056/NEJMra0809890
Koob GF  Volkow ND. Neurocircuitry of
addiction. Neuropsychopharmacology. 2010;35(1):217-
38. d0i:10.1038/npp.2009.110

Beiser T, Yaka R. The role of oxidative stress in cocaine
addiction. J Neurol Neuromedicine. 2019;4(1):17-21.
doi:10.29245/2572.942X/2019/1.1239

Barr ], Sharma, CS, Sarkar S., Wise K, Dong L,
Periyakaruppan A, et al. Nicotine induces oxidative

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

stress and activates nuclear transcription factor kappa
B in rat mesencephalic cells. Mol Cell Biochem.
2007;297(1):93-9. doi:10.1007/s11010-006-9333-1
Mahapatra SK, Das S, Bhattacharjee S, Gautam
N, Majumdar S, Roy S. In vitro nicotine-induced
oxidative stress in mice peritoneal macrophages: a
dose-dependent approach. Toxicol Mech Methods.
2009;19(2):100-8. doi:10.1080/15376510802255184
Wilar G, Anggadiredja K, Shinoda Y, Fukunaga K.
Inhibition of Nicotine Dependence by Curcuminoid Is
Associated with Reduced Acetylcholinesterase Activity
in the Mouse Brain. Pharmacology. 2018;102(3-4):223-
32. doi:10.1159/000492154

Das S, Gautam N, Dey SK, Maiti T, Roy S. Oxidative
stress in the brain of nicotine-induced toxicity:
protective role of Andrographis paniculata Nees and
vitamin E. Appl Physiol Nutr Metab. 2009;34(2):124-
35. doi:10.1139/H08-147

Al-Malki AL, Moselhy SS. Protective effect of vitamin
E and epicatechin against nicotine-induced oxidative
stress in rats. Toxicol Ind Health. 2013;29(2):202-8.
doi:10.1177/0748233711430976

DuX, YuJ, Sun X, QuS, Zhang H, Hu M, et al. Impact
of epigallocatechin-3-gallate on expression of nuclear
factor erythroid 2-related factor 2 and y-glutamyl
cysteine synthetase genes in oxidative stress-induced
mouse renal tubular epithelial cells. Mol Med Rep.
2018;17(6):7952-8. doi:10.3892/mmr.2018.8798

Pervin M, Unno K, Takagaki A, Isemura M, Nakamura
Y. Function of green tea catechins in the brain:
Epigallocatechin gallate and its metabolites. Int ] Mol
Sci. 2019;20(15):3630. d0i:10.3390/ijms20153630

Kotz D, Brown J, West R. ‘Real-world’ effectiveness
of smoking cessation treatments: a population study.
Addiction. 2014;109(3):491-9. doi:10.1111/add.12429
Wu ], Cippitelli A, Zhang Y, Debevec G, Schoch ],
Ozawa A, et al. Highly selective and potent a4p2 nAChR
antagonist inhibits nicotine self-administration and
reinstatement in rats. ] Med Chem. 2017;60(24):10092-
104. doi:10.1021/acs.jmedchem.7b01250

Toll L, Zaveri NT, Polgar WE, Jiang F Khroyan
TV, Zhou W, et al. AT-1001: a high affinity and
selective a3PB4 nicotinic acetylcholine receptor
antagonist blocks nicotine self-administration in rats.
Neuropsychopharmacology. 2012;37(6):1367-76.
doi:10.1038/npp.2011.322

. Cippitelli A, Wu ], Gaiolini KA, Mercatelli D, Schoch J,

Gorman M, et al. AT-1001: a high-affinity a3p4 nAChR
ligand with novel nicotine-supressive pharmacology.
Br J Pharmacol. 2015;172(7):1834-45. doi: 10.1111/
bph.13034

Gellner CA, Reynaga DD, Leslie FM. Cigarette smoke
extract: apreclinicalmodel of tobacco dependence. Curr
Protoc. 2016;77(1):9-54. doi:10.1002/cpns.14
Benowitz, NL, Jacob, PIII. Daily intake of nicotine
during cigarette smoking. Clin Pharmacol Ther.
1984;35(4):499-504. d0i:10.1038/clpt.1984.67

Pharmaceutical Sciences, 2022, 28(4), 517-524 | 523



Samirah, et al.

24,

25.

26.

27.

28.

29.

30.

31.

Kota D, Martin BR, Robinson SE, Damaj ML
Nicotine dependence and reward differ between
adolescent and adult male mice. ] Pharmacol Exp Ther.
2007;322(1):399-407. doi:10.1124/jpet.107.121616
Radhika, P, Annapurna A, Rao SN. Immunostimulant,
cerebroprotective &  nootropic  activities  of
Andrographis paniculata leaves extract in normal &
type 2 diabetic rats. The Indian ] Med Res. 2012;135(5):
636-641.

Tak E, Park GC, Kim SH, Jun DY, Lee ], Hwang S,
et al. Epigallocatechin-3-gallate protects against
hepatic ischaemia-reperfusion injury by reducing
oxidative stress and apoptotic cell death. ] Int Med Res.
2016;44(6): 1248-62. d0i:10.1177/0300060516662735
Koob GE. Neurobiology of addiction. Focus.
2011;9(1):55-65. doi:10.1176/foc.9.1.foc55

Costello MR, Reynaga DD, Mojica CY, Zaveri NT,
Belluzzi JD, Leslie FM. Comparison of the reinforcing
properties of nicotine and cigarette smoke extract in
rats. Neuropsychopharmacology. 2014;39(8):1843-51.
doi:10.1038/npp.2014.31

de la Penia JB, Ahsan HM, Botanas CJ, Sohn A, Yu
GY, Cheong JH. Adolescent nicotine or cigarette
smoke exposure changes subsequent response to
nicotine conditioned place preference and self-
administration. Behav Brain Res. 2014;272:156-64.
do0i:10.1016/j.bbr.2014.06.044

Brennan KA, Laugesen M, Truman P. Whole tobacco
smoke extracts to model tobacco dependence in
animals. Neurosci Biobehav Rev. 2014;47:53-69.
do0i:10.1016/j.neubiorev.2014.07.014

Li R, Huang YG, Fang D, Le WD. (-)-Epigallocatechin
gallate inhibits lipopolysaccharide-induced microglial
activation and protects against inflammation-mediated

32.

33.

34.

35.

36.

37.

38.

dopaminergic neuronal injury. J Neurosci Rev.
2004;78(5): 723-31. doi:10.1002/jnr.20315

Wang T, Liu B, Zhang W, Wilson B, Hong JS.
Andrographolide  reduces inflammation-mediated
dopaminergic neurodegeneration in mesencephalic
neuron-glia cultures by inhibiting microglial
activation. ] Pharmacol Exp Ther. 2004;308(3):975-83.
doi:10.1124/jpet.103.059683

Adeluyi A, Guerin L, Fisher ML, Galloway A,
Cole RD, Chan SS, et al. Microglia morphology
and proinflammatory signaling in the nucleus
accumbens  during nicotine  withdrawal.  Sci
Adv. 2019;5(10):eaax7031. doi:10.1126/sciadv.aax7031
Koob GE Volkow ND. Neurobiology of addiction:
a neurocircuitry analysis. Lancet Psychiatry.
2016;3(8):760-73. doi:10.1016/S2215-0366(16)00104-8
Todd TP, Vurbic D, Bouton ME. Behavioral and
neurobiological mechanisms of extinction in Pavlovian
and instrumental learning. Neurobiol Learn Mem.
2014;108:52-64. doi:10.1016/j.n1lm.2013.08.012
Sumpio BE, Cordova AC, Berke-Schlessel DW, Qin
F Chen QH. Green tea, the “Asian paradox,” and
cardiovascular disease.] Am Coll Surg. 2006;202(5):813-
25. d0i:10.1016/j.jamcollsurg.2006.01.018

Clemens KJ, Caillé S, Cador M. The effects of

response operandum and prior food training
on intravenous nicotine self-administration in
rats.  Psychopharmacology. 2010;211(1):  43-54.

d0i:10.1007/s00213-010-1866-z

Feltenstein MW, Ghee SM, See RE. Nicotine self-
administration and reinstatement of nicotine-
seeking in male and female rats. Drug Alcohol
Depend. 2012;121(3):240-6. doi:10.1016/j.drugalcd
€p.2011.09.001

524 | Pharmaceutical Sciences, 2022, 28(4), 517-524



