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Abstract

Background: Many studies have revealed various aspects of the relationship between the stomach and the brain, but there has

been no systematic study of the role of gut microbiota in drug addiction to date. This investigation is based on the novel

concept that gut dysbiosis plays an important role in addiction disorders. Probiotic supplements (PBS) are thought to be a

useful therapy method for opiate addiction and substance misuse. Therefore, it is postulated that changes in gut flora can play a

significant part in the addiction process.

Objectives: The aim of this study was to observe whether PBS, through the gut-brain axis in drug addiction, can decrease

morphine (Mor) tendency in rats by affecting oxidative stress (OS) markers, using a conditioned place preference (CPP)

paradigm.

Methods: Forty-two rats (weight 180 - 200 g) were divided into six groups (n = 7 in each). The effective dose of morphine (Mor)

was 7.5 mg/kg. Two probiotic supplements were used: Prodigest (Prd) containing Lactobacillus acidophilus, Bifidobacterium

bifidum, and Bifidobacterium longum, and Prokid (Prk) containing Lactobacillus acidophilus, Bifidobacterium lactis,

Lactobacillus rhamnosus, and Bifidobacterium bifidum. These were administered via gavage for 14 days. The animals were given

PBS after each conditioning session in the conditioned place preference (CPP) model. The animals' locomotor activity was then

evaluated using an open field apparatus. The brain was tested for malondialdehyde (MDA), nitric oxide (NO), catalase (CAT),

superoxide dismutase (SOD), total antioxidant capacity (TAC), and thiol levels.

Results: Only the Prd group, but not the Prk group, significantly increased the time spent in the Mor chamber (the location

preference index) during the acquisition phase (P < 0.05). The anti-oxidation/oxidation profiles (MDA, NO, CAT, SOD, TAC, and

thiol) were altered by PBS.

Conclusions: Given the elevated location preference index generated by Mor, it may be argued that PBS influences mood and

behavior via antioxidative/oxidative signaling, thereby potentiating the effect of Mor.
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1. Background

Addiction, in general, accounts for a high annual

mortality rate worldwide, surpassing even chronic

diseases (1). Despite extensive efforts, there is no

treatment that is completely effective and appropriate
for this phenomenon (2).

The term "microbiome" refers to a group of microbes,
including eubacteria, archaebacteria, fungi, and viruses,

that inhabit specific niches together. The study of the

microbiome-host relationship has shed light on treating

some gastrointestinal disorders (3).

A significant body of research has revealed facts

about the connection between the gut and brain, known

as the gut-brain axis, which may have a direct effect on
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brain metabolism (4-6). There is evidence to suggest

that the gut-brain axis plays a role in dopamine

function. These findings demonstrate the connection
between gut microbiota and dopamine function, which

could also be considered in the case of addiction (7-9).

Opioid drugs, such as morphine (Mor), may

contribute to the development of oxidative stress (OS).

They can either promote the formation of free radicals,

including reactive oxygen species (ROS) and reactive

nitrogen species (RNS), or reduce the activity of various

components of antioxidant systems in brain cells (10, 11).

There is evidence that probiotic use can affect

metabolic profiles, inflammatory biomarkers, and

oxidative stress by producing short-chain fatty acids

(SCFA) (12). For example, it has been reported that

probiotics can prevent tissue damage by increasing
antioxidant activity and decreasing the production of

free radicals (13, 14).

Understanding the host-microbiome relationship

and nervous system diseases has revolutionized the

physiopathological basis of such diseases (15, 16)). A

hypothesis states that “changes in the gastrointestinal
microbiomes can play a key role in the addiction

process” (17). For instance, research by Ning et al.

reported that methamphetamine administration

altered the gastrointestinal microbial population (18).

Therefore, gastrointestinal microbiomes may be
considered a new method to address addiction.

2. Objectives

The goal of the present study was to determine

whether probiotic supplements (PBS) can decrease

morphine (Mor) tendency in rats through the gut-brain

axis by affecting oxidative stress (OS) markers, using a

conditioned place preference (CPP) paradigm.

3. Methods

3.1. Animals

All studies were conducted on male Wistar rats
weighing 180 - 200 g at the start of the experiment,

procured from Kashan University of Medical Sciences.
The rats were housed in an animal facility on a regular

12-hour light/dark cycle, with free access to food and

water. The laboratory temperature was maintained
between 22 - 25°C with 40 - 50% humidity. Seven rats

were utilized in each study group.

3.2. Drugs

The Mor sulfate was supplied by Temad Co. (Tehran,

Iran). The Mor (7.5 mg/kg) was prepared for

subcutaneous injection by dissolving it in 0.9% saline
(Sal). The 7.5 mg/kg dose elicited CPP effectively, while

other doses (2.5, 5, and 10 mg/kg) had a weaker effect.
Therefore, we selected 7.5 mg/kg as the effective dose

(19).

3.3. Apparatus

The CPP apparatus (Maze Router, Tabriz, Iran) consists

of three rooms (A, B, and C) divided by guillotine doors.

The two larger conditioning chambers (A and B) are the

same size but have different colors and patterns.

Chamber A has black and white walls and a
corresponding floor, while Chamber B has white walls.

Chamber C is smaller than the other chambers and
connects to both Chambers A and B through the

guillotine doors.

3.4. Behavioral Testing

The CPP protocol was followed for 16 days and

comprised three separate phases (18): Pre-conditioning,

conditioning, and post-conditioning. All animals were

allowed to become accustomed to the device a week

before the experiment began. After habituation, animals
were placed in the center chamber for 15 minutes while

the guillotine doors were raised to provide access to the

entire apparatus during the pre-conditioning phase

(day 1). The amount of time spent in each chamber was

recorded separately during this phase.

During the conditioning phase (days 2 to 15), each rat
received 14 days of Mor (7.5 mg/kg, i.p.) or Sal (2 mL/kg,

i.p.) injections. Specifically, rats were given Mor on days

2, 4, 6, 8, 10, 12, and 14, and Sal on days 3, 5, 7, 9, 11, 13, and

15. In the 'unbiased' technique, rats were restricted to

the morphine compartment for 45 minutes following
Mor delivery and to the Sal compartment after Sal

injection.

A CPP test was administered during the post-

conditioning phase (day 16). Animals were placed in the

middle chamber while the guillotine doors were

removed, giving them unrestricted access to the entire

apparatus for 15 minutes, just like on day one. The time

spent in each chamber was recorded at this phase as

well. The preference shift was determined as the

difference (in seconds) between the times spent in the

Mor-receiving chamber on days 16 and 1 (20).

3.5. Preparation and Administration of the Probiotics
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In this study, the PBS contained a mixture of bacteria

in the form of two products: (1) prodigest (Prd), which

contains Lactobacillus acidophilus, Bifidobacterium
bifidum, and Bifidobacterium longum (109 CFU/mL each);

and (2) prokid (Prk), which contains Lactobacillus
acidophilus and Bifidobacterium lactis. Each capsule

included 500 mg of the bacterial mixture, totaling 109

CFU. The probiotics were dissolved in water and

delivered intragastrically.

3.6. Experimental Design

In this study, a total of 42 rats (n = 7 per group) were

randomly assigned to six groups (Sal, Mor, two

treatment, and two vehicle groups) and orally gavaged

as follows:

- Group I (Sal) received Sal (days 2 - 15) for each

conditioning session for 14 consecutive days.

- Group II (Mor) received Mor (days 2, 4, 6, 8, 10, 12, and

14) and Sal (days 3, 5, 7, 9, 11, 13, and 15) for each
conditioning session.

- Group III (Mor+Prd) received Mor (days 2, 4, 6, 8, 10,

12, and 14) and Sal (days 3, 5, 7, 9, 11, 13, and 15) for each

conditioning session and was given the Prd product

following each conditioning session.

- Group IV (Sal+Prd) received Sal (days 2 - 15) for each
conditioning session and was given the Prd product

following each conditioning session.

- Group V (Mor+Prk) received Mor (days 2, 4, 6, 8, 10,

12, and 14) and Sal (days 3, 5, 7, 9, 11, 13, and 15) for each

conditioning session and was given the Prk product

following each conditioning session.

- Group VI (Sal+Prk) received Sal (days 2-15) for each

conditioning session and was given the Prk product

following each conditioning session.

Each group received their respective treatments for

14 consecutive days (Figure 1).

3.7. Oxidation Profiles

Malondialdehyde (MDA) levels in brain tissue were

determined using the method developed by Ohkawa et

al. (21) to evaluate lipid peroxidation (LPO) in terms of

nmol/mg protein (19). The nitric oxide (NO) level in

brain tissue was evaluated in nmol/mg protein by

detecting supernatant metabolites with the Griess

reagent, as proposed by Moshage et al. (22).

3.8. Antioxidant Profiles

The activities of catalase (CAT), superoxide dismutase

(SOD), total antioxidant capacity (TAC), and thiol were

evaluated using ELISA kits (Kiazist Co., Iran).

3.9. Total Protein

The Bradford method was used to measure total
protein levels in brain tissue, utilizing concentrated

Coomassie blue reagent and bovine serum albumin as
the standard (23).

3.10. Statistical Analysis

The results are presented as mean ± SEM. To analyze
the data, one-way ANOVA with a Tukey post-test was

utilized. Calculations were performed using the Prism

statistical program version 9.

4. Results

Figure 2A depicts the effect of different Mor dosages

on CPP in all groups. Mor dosages of 2.5, 5, 7.5, and 10

mg/kg were employed in the current investigation. The

results showed a substantial increase in CPP at dosages

of 5, 7.5, and 10 mg/kg (particularly 7.5 mg/kg) compared

to the Sal group (ANOVA, Tukey's: P < 0.01). As a result, 7.5

mg/kg of Mor was deemed effective in this trial.

Figure 2B depicts the effect of different PBS

treatments on CPP in all groups. The (Mor+Prd) group

showed a substantial increase in the change of CPP (Sec.)

compared to the Mor group (P < 0.01).

Figure 2C shows that there is no significant influence
on locomotor activity between the groups (P > 0.05).

Figure 3A depicts the effect of different PBS

treatments on LPO in all experimental groups. The MDA

level in brain tissue increased significantly in the Mor

group compared to the Sal group (P < 0.001). The MDA

levels in brain tissue were significantly lower in the

(Mor+Prd) and (Mor+Prk) groups compared to the Mor
group (P < 0.05).

Figure 3B depicts the effect of different PBS

treatments on NO in all experimental groups. The Mor

group showed a significant rise in NO levels in brain

tissue compared to the Sal group (P < 0.001). The

(Mor+Prd) group had a significant decrease in NO levels

in brain tissue compared to the Mor group (P < 0.05).

Figure 4A depicts the effect of different PBS

treatments on the tissue level activity of CAT (U/M) in all

groups. The Mor group showed a significant decrease in

CAT activity in brain tissue compared to the Sal group (P

< 0.05). Additionally, the (Mor+Prd) and (Mor+Prk)

groups showed a significant increase in CAT activity in

brain tissue compared to the Mor group (P < 0.001).

Figure 4B depicts the effect of different PBS
treatments on the tissue activity of SOD (U/M) in all
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Figure 1. Experimental procedure

groups. The Mor group showed a significant decrease in

SOD activity in brain tissue compared to the Sal group (P
< 0.05). However, there was no significant difference in

SOD activity in brain tissue between the (Mor+Prd) and
(Mor+Prk) groups compared to the Mor group (P >

0.05).

Figure 5A depicts the effect of different PBS

treatments on TAC (nmol/mg protein) in all

experimental groups. TAC levels in brain tissue were

significantly lower in the Mor group compared to the

Sal group (P < 0.001). Additionally, TAC levels in brain

tissue were significantly increased in the (Mor+Prd)

group (P < 0.01) and the (Mor+Prk) group (P < 0.001)

compared to the Mor group.

Figure 5B depicts the effect of different PBS

treatments on thiol (nmol/mg protein) in all

experimental groups. Thiol levels in brain tissue were

not significantly different in the Mor group compared

to the Sal group (P > 0.05). Other groups showed no

significant difference in thiol levels in brain tissue

compared to the Mor group (P > 0.05).

5. Discussion

Our findings revealed that Mor (7.5 mg/kg)
administration significantly increased CPP compared to

the Sal group. When compared to the Mor group, the

probiotic treatment (Mor+Prd) significantly raised the

CPP Index. There was no significant difference in

locomotor activity among all groups in the open field

test.

There is evidence that the gut-brain axis plays a role

in dopamine function (7, 8). These findings suggest a

link between gut microbiota and dopamine function,

which could be useful in treating addictive disorders

(9).

Furthermore, microbes have been shown to release

SCFAs, which regulate G-protein-coupled receptors to

mediate hormone release and neurotransmitter release

(i.e., serotonin, dopamine, noradrenaline, γ-

aminobutyric acid (GABA), acetylcholine, and

histamine), as well as regulate inflammation, mood, and

behavior (24). As a result, it is possible that PBS increased

the preference index by enhancing dopamine release in

the brain's reward system.

CPP is one of the most widely used models for

assessing the mechanisms of drug abuse. One

significant advantage of this method is its ability to
identify both reinforcing and aversive effects of a

substance. It is also useful in the investigation of
addictive and potentially addictive medicines (19). The

rewarding quality of a drug is determined during the

paradigm by its ability to induce a preference for an
environment in which the drug has been repeatedly

administered (25). In the current investigation, a 16-day
CPP procedure was employed based on the results

provided by Ning (18).
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Figure 2. The effects of different doses of Mor. administration on CPP for determining the effective dose of Mor (A), the effect of treatment with probiotic supplement (Prodijest
and Prokid products) on the CPP in all groups (B), the effect of treatment with probiotic supplement (Prodijest and Prokid products) on locomotor activity in all groups (C).
Comparisons between different groups were made using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Data are expressed as mean ± SEM (n=7 in each
group). * P < 0.05, ** P < 0.01, and *** P < 0.001, compared to Sal group. ++ P < 0.01 compared to Mor group. Sal, Saline; Mor, Morphine; Prd, Prodijest; Prk, Prokid; CPP, Conditioned
place preference.

Several studies have highlighted the connection

between the gut and brain, but to date, there has been

no systematic study of the involvement of gut

microbiota in drug addiction (4, 5). The gut-brain axis,

or the relationship between the gut and the brain, may

have a direct effect on brain metabolism (6). According

to this research, the influence of gut microbiota on the

human endogenous opioid system may be involved in

various areas, such as endogenous opioids, opioid

medications, and opioid receptors that generate effects

in the CNS (26).

On the other hand, PBS-based experimental and

clinical research indicates improvements in brain

function. For example, Fuenzalida et al. reported that

probiotics-based treatment could be an attractive

intervention to attenuate alcohol-induced behaviors

and retard disease progression by repairing the gut

microbiota and augmenting microbiota-gut-liver-brain

axis communication (27).

Measurement of free radical or ROS generation, LPO

metabolites such as MDA, and antioxidant capacity may

provide insight into antioxidant homeostasis under
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Figure 3. The level of MDA (nmol/mg protein) (A) and NO (nmol/mg protein) (B) in brain tissue after treatment with probiotic supplement in all groups. Comparisons between
different groups were made using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Data are expressed as mean ± SEM (n = 7 in each group). ** P < 0.01, and
*** P < 0.001 compared to Sal group. + P < 0.05, ++ P < 0.01, and +++ P < 0.001 compared to Mor group. Sal, Saline; Mor, Morphine; Prd, Prodigest; Prk, Prokid; MDA,
malondialdehyde; NO, nitric oxide.

Mor stimulation and Mor-induced toxicity. The brain is

extremely sensitive to peroxidative damage because it

has a comparatively high amount of unsaturated fatty

acids relative to its level of antioxidants and consumes

more oxygen. Furthermore, a large body of research

suggests that OS is involved in the development of

addiction to various addictive drugs, including cocaine,

methamphetamine, and Mor (11, 28). Mor can also be

converted into free radicals, and an excess of ROS can

cause oxidative damage (11), which should be considered

in the therapy of opioid addiction (21).

In the current study, MDA and NO levels in the brain

were higher in the Mor group than in the Sal group.

However, PBS (particularly the Prd product) significantly

reduced MDA and NO levels. These findings suggest

PBS's antioxidant action and potential tissue protection

against lipid oxidation and inflammatory damage (29).

Furthermore, a recent study reveals that the SLAB51

multi-strain probiotic formulation can lower NO

generation in intestinal cells, leading to the conclusion

that decreased oxygen consumption by intestinal cells

implies greater oxygen delivery to other organs,

including the brain (30). Other studies have found that

PBS has protective effects by improving antioxidant

defense (29). Many studies have shown that different

probiotic bacteria strains can exert antioxidant capacity

in various ways, including stimulating the antioxidant

system, increasing antioxidant activity, and producing a

variety of metabolites with antioxidant activity (29).

This is supported by an increase in CAT activity

following PBS therapy in this investigation.

It has also been observed that PBS treatment resulted

in a considerable increase in plasma TAC levels in

Alzheimer's rats (31). Our findings also showed that PBS

(particularly the Prk product) significantly boosted TAC

levels compared to the Mor group. However, none of the

PBS had a substantial influence on thiol levels.

This study also demonstrated that the use of Mor

resulted in a significant drop in brain activity levels of

antioxidant enzymes such as CAT and SOD when
compared to the Sal group. Previous research has shown

that Mor reduces the antioxidative defense system (32).
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Figure 4. The activity of CAT (U/M) (A) and SOD (U/M) (B) in brain tissue after treatment with probiotic supplement in all groups. Comparisons between different groups were
made using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Data are expressed as mean ± SEM (n = 7 in each group). * P < 0.05, ** P < 0.01, and *** P < 0.001
compared to Sal group. + P < 0.05, and +++ P < 0.001 compared to Mor group. Sal, Saline; Mor, Morphine; Prd, Prodigest; Prk, Prokid; CAT, catalase; SOD, superoxide dismutase.

OS is thought to be one of the most critical mechanisms

underlying drug-induced decreases in CAT and SOD

activity in rats (11). CAT's cellular antioxidant defense

involves digesting hydrogen peroxide, which prevents

the Fenton reaction from producing hydroxyl radicals.

Superoxide is one of the most prevalent ROS produced

by mitochondria. SOD catalyzes the breakdown of

superoxide into hydrogen peroxide and water, making it

a key regulator of ROS levels (29).

Our findings in this study also showed that PBS

caused a considerable increase in CAT but not SOD
activity in the brain compared to the Mor group. There

is a chance that increasing the length of PBS treatment
will boost SOD activity in the brain. Although SOD's

antioxidant action is well recognized, its therapeutic

applicability is limited due to its short circulatory half-
life, which limits its bioavailability. As a result, it is

possible that SOD activity in the PBS-treated groups was
initially high but eventually dropped.

To highlight a shortcoming, our method for

measuring total NO was indirect. We propose further

investigations that use direct and precise methods for

NO assaying, such as electron paramagnetic resonance

spectroscopy (33).

5.1. Conclusions

To summarize, given the higher CPP index caused by

Mor, it can be argued that PBS interacts with the Mor

effect by releasing SCFA that regulate G-protein-coupled

receptors to modulate hormone and neurotransmitter

release, such as dopamine, which governs mood and

behavior. Furthermore, the biochemical findings of this

study imply that PBS has advantageous

antioxidative/oxidative profiles. These findings suggest

that PBS can be clinically examined as a therapeutic

option for drug addiction. Nonetheless, further animal

and human investigations are recommended to

corroborate these findings.
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Figure 5. The level of TAC (nmol/mg protein) (A) and Thiol (nmol/mg protein) (B) in brain tissue after treatment with probiotic supplement in all groups. Comparisons between
different groups were made using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Data are expressed as mean ± SEM (n = 7 in each group). * P < 0.05, and
*** P < 0.01 compared to Sal group. ++ P < 0.01, and +++ P < 0.001 compared to Mor group. Sal, Saline; Mor, Morphine; Prd, Prodijest; Prk, Prokid; TAC, total antioxidant capacity.
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