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Abstract:  
Objective: Post-traumatic stress disorder (PTSD) often co-occurs with 

alcohol use disorder (AUD), leading to exacerbated symptoms and poorer 

treatment outcomes. Despite the significant comorbidity, therapeutic 

options remain limited. This study aimed to evaluate the efficacy of 

Minocycline, a second-generation tetracycline with anti-inflammatory and 

neuroprotective properties, in a comorbid model of PTSD and AUD in 

Wistar rats. 

Methods: A study involving 48 male Wistar rats aged 6-8 weeks was 

conducted to investigate the effects of Minocycline and Fluoxetine on 

predator scent-induced anxiety. The rats were divided into control, disease 

control, Fluoxetine, and Minocycline groups, with two-bottle choice 

paradigms for alcohol and sucrose consumption. Predator scent stress was 

induced using cat urine, and anxiety was assessed using behavioral tests 

including Elevated Plus Maze (EPM) and Open Field Test (OFT). Serum 

cortisol levels and brain IL-1α were measured to evaluate stress and 

inflammation. 

Results: Study showed a significant reduction in ethanol consumption in 

rats treated with Minocycline compared to the disease control group, 

indicating an ameliorating effect on anxiety and alcohol use disorder. 

Behavioral tests revealed decreased anxiety-like behavior and freezing 

responses in Minocycline-treated animals compared to controls. 

Additionally, Minocycline administration led to reduced serum cortisol 

levels and brain IL-1α levels, suggesting modulation of stress response and 

neuroinflammation.  

Conclusion: These findings support the potential anxiolytic and anti-

inflammatory effects of Minocycline in the context of comorbid PTSD and 

AUD. Further research is warranted to explore the clinical implications 

and underlying mechanisms of Minocycline in this complex psychiatric 

comorbidity. 

 

Keywords: Alcohol, Alcohol use disorder, Post traumatic stress, 

Minocycline 
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Introduction 
Post-traumatic stress disorder (PTSD) is a chronic and disabling psychiatric disorder with an 

estimated lifetime prevalence of 6.8%.(1) Prevalence rates vary, but extensive 

epidemiological studies show a lifetime prevalence of PTSD in the United States of about 

8%, but the rate increases drastically after catastrophic events.(2) The prevalence of PTSD in 

India during covid 19 pandemic was reportedly as high as 40%.(3) Increasing awareness is 

reflected in the revisions of the diagnostic criteria for PTSD, and its reclassification from a 

form of anxiety disorder to its current place in traumaand stressor-related disorders is 

observed in the DSM-V criteria. Adverse physical health co-morbidities are also common in 

individuals with PTSD, including obesity, diabetes, and cardiovascular disease. (4) 

Individuals with PTSD have high rates of comorbid alcohol and substance use disorders; 

rates range from 28% to as high as 75%. (5) 

 People with post-traumatic stress disorder are approximately three times more likely to 

develop alcohol use disorder than people without PTSD.(6) PTSD appears to play an 

essential role in perpetuating the vicious cycle leading to AUD and is associated with relapse 

to alcohol use among those who achieved abstinence.(7) The pathophysiology of PTSD is not 

completely clear, and many hypotheses also overlap the pathophysiology of other psychiatric 

disorders like anxiety and depression. One biological process that has been increasingly 

interrogated over the last decade is the inflammatory system, as it has a clear role in the 

pathophysiology of chronic mental and physical illness. Immune signalingregulates the 

hypothalamic-pituitary-adrenal (HPA) axis and other neurobiological processes that modulate 

affective behaviorduring stressor exposure. Exposure to traumatic and stressful events 

(including exposure to fear- and anxiety-provoking stimuli) results in HPA axis reactivity, 

activation of the immune system, and the release of pro-inflammatory cytokines. (8)These 

studies point towards immune alterations in PTSD that indicate the immunological balance 

skewed toward a pro-inflammatory state. (9) 

The SSRI, Fluoxetine, is recommended as a first-line drug treatment for PTSD. Despite the 

frequency of co-occurring PTSD and addiction, there are limited therapeutic agents. 

Anticonvulsants, atypical antipsychotics, and naltrexone have been tried with modest 

effects.(10)  Minocycline is a second-generation tetracycline with anti-microbial, anti-

inflammatory, anti-apoptotic, and neuroprotective effects. It promotes neurogenesis and 

neuroplasticity, reduces oxidative stress and glutamate excitotoxicity, and attenuates the 

decrease of serotonin, dopamine, norepinephrine, and their derivatives. (11)Minocycline can 

reduce inflammation by acting on various immune cells and mediators. (11) Minocycline, a 
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tetracycline derivative,may be effective in alcohol use disorders as it crosses the blood-

brainbarrier. (12) Minocycline has shown antidepressant and anti-anxiety effects in 

preclinical models.(13,14) There have been studies to demonstrate the anxiolytic effects of 

this drug. There are studies to show the effect of drugs on AUD. However, there are no 

studies to explore its effect on the comorbid PTSD and AUD models. With this background 

onMinocycline and the need for therapy for PTSD and AUD co-morbidity, we decided to 

evaluate the role of Minocycline in comorbid PTSD and AUD models in rats. 

Materials and Methods 
Institutional Animal Ethics Committee permission was taken before the commencement of 

the study under reference number AEC/15/2018. Animals randomly bred were used. The 

study was conducted following the CPCSEA guidelines. 

The study was conducted with 48 male Wistar rats aged 6-8 weeks weighing 150-250 gm. 

There were three groups of Wistar rats, with 12 rats in each group used during the study. 

Animals were randomly bred as per CPCSEA guidelines. Animals were quarantined in 

appropriate temperature conditions (18-29֯ C with 30-70%humidity) without handling for one 

week with a daily chow diet. They were housed 4 per cage and with a dark-light cycle of 14:9 

hours. The animals were housed in air-conditioned rooms with 12 – 15 filtered fresh air 

changes, with a temperature of 22 ± 3° C and relative humidity of 30 – 70 %. The cages with 

a stainless-steel top grill containing food and drinking water facilities were used in 

polypropylene bottles with stainless steel sipper tubes. The animals were fed in the form of 

pellets and were provided water ad libitum. Pure drinking water through aqua guards was 

supplied. 

Minocycline hydrochloride was procured from Sigma Aldrich in pure powder 

form.Fluoxetine hydrochloride was procured from Sigma Aldrich in pure powder form.Serum 

cortisol kits for rats were purchased from KrishgenLimited. Brain IL-1α kits for rats were 

purchased from KrishgenLimited. There were 4 study groups with 12 animals in each group: 

control, disease control, fluoxetine group, and test group. Two bottle choices were given to 

the disease control, Fluoxetine, and test groups. Disease control was given normal saline, the 

fluoxetine group was given Fluoxetine (10 mg/kg) i.p, and the test group was given 

Minocycline (35 mg/kg) i.p. 

During days 1 to 7, animals were allowed to consume alcohol in a two-bottle choice 

paradigm voluntarily, sucrose and alcohol, respectively, in two bottles. Alcohol concentration 

was started at 4% and increased by 2% every alternate day till a maximum of 10% was 
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achieved. Similarly, sucrose concentration was decreased by 4% on alternate days and was 

brought to 0% from 12%.This was followed by alcohol and water administration for the 

remaining 21 days using a two-bottle drinking procedure.  

From days 8 to 28, animals were housed singly (one per cage). Animals were weighed, and 

the fluid levels in the bottles were monitored to the nearest 0.5 ml at 24-hour intervals to 

determine daily alcohol intake (ml and g/kg). The position( left–right) of the alcohol and 

water bottle was changed each day to control side preferences. 

The study drugs were administered 30 minutes before the predator-scent stress protocol 

fromthe 11thdaytill 17 days upto day 27,as shown in Table I. The predator-scent stress was 

given to all groups in which 20 ml of cat urine was mixed with 100 mL of bedding (standard 

corn husk) and shaken in a flask. It was then spread evenly in an identical open field 

chamber. Rats were placed in the chamber for 15 minutes, and activity was recorded during 

exposure. The stress test was carried out in aseparate room. Rat cages were taken in the room 

only when carrying out the test. 

On day 19, the rats underwent behavior tests on Elevated Plus Maze (EPM) and Open Field 

Test (OFT) to testwhether predator scent stress-induced anxiety.The behavioral variables 

assessed on EPMwere time spent in open arms, closed arms, and on the central 

platform,number of entries to the open and closed arms, and total exploration of the maze.On 

OFT,horizontal locomotor activity (grid lines crossed), vertical locomotor activity 

(rearing),and grooming (rubbing the nose with its forepaws). Duration of time spent in 

Central Square (anxiety) 

On day 20, retro-orbital blood collection was done in phase 2. 0.5 ml of blood was collected 

from each animal for cortisol estimation. The blood was immediately centrifuged to separate 

the serum. The serum was stored at -80֯ C in a deep freezer until the ELISA test was 

performed. The ELISA test was performed after thawing the serum at room temperature. 

On day 24, a situational reminder was given to the rats by placing them in unused cat litter, to 

which the rat was exposed for 10 min; the freezing time indicateda response to fear 

associated with the predator. The variable recorded wasthe total seconds spent freezing 

during each assessment period.Behavior was recorded with an overhead video camera, and 

immobility (freezing) was scored using the recorded video. 

On day 28, animals were sacrificed, and levels of inflammatory marker IL-1α in rat 

brainswere measured usingan ELISA kit.  
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Variables recorded wereBehavioral tests (EPM and OFT), Freezing time, Serum cortisol 

levels at baseline and 20th day, and Rat brain IL-1α after the 28th day.  

Anxiety was assessed using EPM as described by Serovoet al. (15).The apparatus used in 

these experiments consists of two open arms and two closed arms, each of diameter of 50× 

10× 40 cm with an open roof, arranged so that the open arms are opposite to each other. The 

arms are configured in a plus orientation and elevated 50 cm above the floor. Two closed 

arms havea 17× 13× 1cm wall enclosing the arm, while the other two arms open with a lip 

around the platform of the arm. The procedure was conducted in a dark room. Rats were 

allowed to acclimatize in the experimental room for 30 minutes before the test. The tracking 

software was used to record and analyze the behavior. Each rat was placed at the end of an 

open arm, facing away from the central platform. Transfer latency (TL) was taken as the time 

the animal took to move into any closed arms with all its four legs inside the closed arm. The 

animals were allowed to explore the maze for 10 seconds and returned to their home cage. 

The maze was cleaned thoroughly with alcohol-water solution after the removal of each rat to 

remove any confounding olfactory clues. 

OFT Apparatus dimensions were floor 60*60 cm, wall height 25 cm. The floor and wall were 

black, and the ceiling and the floor were divided into nine equal squares. The central square 

was considered as a central area. The apparatus was coupled with a video device positioned 

above the apparatus so that each trial could be recorded for later analysis using a video 

camcorder. The apparatus was tested in a sound-attenuated, dark room with minimal 

background lighting. The mice were placed either in the center or against one of the retaining 

walls. Mice were allowed to explore the apparatus for 5 minutes. The field was cleaned 

thoroughly with an alcohol-water solution after the removal of each rat. 

Figure 1: Flowchart of events Experiment  
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The results are expressed as mean± standard deviation. Parametric data was analyzed using 

one-way ANOVA or two-way repeated measures ANOVA followed by post-hoc Tukey’s 

test. Nonparametric data wasanalyzed using the Kruskal-Wallis test. P-value < 0.05 was 

considered as statistically significant. 

Results 
A two-way repeated measures-ANOVA revealed a significant effect for group [F(2,22) = 

20.375, p<0.0001], a significant effect for days [F(17,187) =7.780,15 p<0.001], and a 

significant group*days interaction (F(34,374)=3.090, p=0.013; Fig. 1). Post-hoc comparisons 

revealed that the pretreatment with Fluoxetine and Minocycline significantly decreased the 

consumption of EtOH compared to saline-treated rats. There was a significant difference 

between saline-treated rats and Fluoxetine on days 13 (p=0.009), 14 (p=0.002), 16 (p=0.006), 

17 (p=0.027), 18 (p=0.019), 21 (p=0.028), 22 (p=0.004), 26 (p=0.002), 27 (p=0.009) and 28 

(p=0.007). There was a significant difference between saline-treated rats and Fluoxetine on 

days 13 (p=0.004), 14 (p=0.003), 16 (p=0.012), 17 (p=0.020), 18 (p=0.014), 20 (p=0.012), 21 

(p=0.007), 22 (p=0.012), 23 (p=0.045), 25 (p=0.014), 26 (p=0.002), 27 (p=0.008) and 28 

(p=0.003). 

The disease control group showed significant changes in EPM as compared to the normal 

control group, indicating predator stress-induced anxiety. There is a statistically significant 

increase in time spent in open arms and a decrease in time spent in closed arms in Fluoxetine 

and minocycline-treated groups in elevated plus maze (table 1). Also, there is an increase in 

entries in the open arm and a decrease in entries in the closed arm in animals treated with 

Fluoxetine and Minocycline as compared to saline treated group (table 2). There is no 

difference between horizontal and vertical locomotor activity groups on the open field test. 

The duration of time spent in Central Square significantly increased in the Fluoxetine and 

minocycline-treated group compared to the saline-treated group. (table 4) 

The freezing time decreased significantly in fluoxetine-treated and minocycline-treated 

animals (table 4). The corticosterone levels on day 20 were significantly reduced in 

fluoxetine-treated and minocycline-treated animals compared to the control group (figure 3). 

The animals were sacrificed on day 29, and the rat brain IL-1alpha was determined. These 

levels were significantly reduced in drug-treated groups as compared to the control PSS 

group (table 5). 
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Figure 2: Effects of administration of Fluoxetine (10 mg/kg i.p) and Minocycline (35 mg/kg) 

on the ethanol consumption from day 8 to day 28 

 

Data represent the mean ± SD (n = 12 per group) 

one-way ANOVA followed by post hoc Tukey’s test 

 

Table 1: Effects of administration of Fluoxetine (10 mg/kg i.p) and Minocycline (35 mg/kg) 

on time spent in the open arms and time spent in the closed arms in 5 min in the EPM test 

Groups Time spent in 

open arm  

P value Time spent in 

closed arm  

P value 

Control 82.2 ± 11.26 p<0.01* 189 ± 17.8    p=0.025*   

PSS 51.08 ± 10.54 _ 211.5 ± 16.88 _ 

Fluoxetine 77 ± 11.69 p=0.023*   182.5 ± 21.19 p=0.013*   

Minocycline 73.91 ± 9.14 p=0.021*   189.25 ± 17.78 p=0.022*  

Data represent the mean ± SD (n = 12 per group) 

*p<0.05 vs PSS group using one-way ANOVA followed by post-hoc Tukey’s test 

 

Table 2: Effects of administration of Fluoxetine (10 mg/kg i.p) and Minocycline (35 mg/kg) 

on the entries in the open arms and closed arms in 5 min in the elevated plus-maze test 

Groups Entries in open-arm  p-value Entries in closed-arm  p-value 

Control          7.42 ± 2.31 p=0.163 17 ± 3.16 p=0.090   

PSS 5.66 ± 1.96 _ 20.5 ± 4.75  
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Fluoxetine 8 ± 2.25 p=0.013*   16.41 ± 3.42 p=0.036*   

Minocycline 7.66 ± 1.43 p=0.088   15.91 ± 2.50 p=0.015* 

Data represent the mean ± SD (n = 12 per group) 

*p<0.05 vs PSS group using one-way ANOVA followed by post hoc Tukey’s test 

 

Table 3: Effects of administration of Fluoxetine (10 mg/kg i.p) and Minocycline (35 mg/kg) 

on the horizontal and vertical locomotor activity and duration of time spent in the central 

square in the open field test 

Groups Horizontal 

locomotor 

activity 

 

 p-value Vertical 

locomotor 

activity 

(rearing) 

 p-value Duration of 

time spent 

in Central 

Square  

 p-value  

Control 3968 ± 662 p=0.262   14.8 ± 3.52 p=0.881   19.8 ± 1.28 p=0.001*   

Disease 3578 ± 419 _ 13.9 ± 1.83 _ 13.91 ± 3.65  

Fluoxetine 3898 ± 510 p=0.431   15.3 ± 2.77 p=0.596   20 ± 3.13 p=0.001*   

Minocycline 3646 ± 430 p=0.988   14.7 ± 2.67 p=0.910   18.83 ± 2.55 p=0.007*   

Data represent the mean ± SD (n = 12 per group) 

*p<0.05 vs PSS group using one-way ANOVA followed by post hoc Tukey’s test 

Table 4: Effects of administration of Fluoxetine (10 mg/kg i.p) and Minocycline (35 mg/kg) 

on the freezing time (total seconds spent freezing during each assessment period) after 

situational reminder on day 24 and on the brain IL-1 alpha levels 

 

Data represent the mean ± SD (n = 12 per group) 

*p<0.05 vs PSS group using Kruskal Wallis test followed by post hoc Dunn’s test for 

freezing time and *p<0.05 vs PSS group using one-way ANOVA followed by post hoc 

Tukey’s test for IL-1 alpha levels.  

 

Figure 3: Effects of administration of Fluoxetine (10 mg/kg i.p) and Minocycline (35 mg/kg) 

on the baseline and day 20 cortisol levels  

Groups Freezing time p-value Interleukin 1 alpha levels p-value 

Control 8.67± 6.93 p=0.002* 104.38 ± 1.27* p<0.001 

Disease 24.75± 8.44 _ 142.85 ± 2                _ 

Positive 13.83 ± 2.59 p=0.015*   119.36 ± 1.39* p<0.001 

Test 14.38 ± 2.26 p=0.047*   131.92 ± 1.58* p<0.001 
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Data represent the mean ± SD (n =6 per group) 

*p<0.05 vs PSS group using one-way ANOVA followed by post hoc Tukey’s test 

 

Discussion 
We carried out the study in the predator scent stress model, which is a validated model of 

PTSD in rats with alcohol use disorder. We observed a statistically significant decrease in 

ethanol consumption in the minocycline group compared to disease control, indicating an 

amelioratingeffect on anxiety and, thus,alcohol use disorder in the animals. The predator 

scent stress-induced stress disorder was associated with a higher risk of alcohol-drinking 

behavior in rats. The protective effect observed with Minocycline could be due to its 

anxiolytic as well as its per se effect on alcohol reward potential.(16-17) The effect of 

Minocycline may be due to its effect on its inhibition of microglial cell activation and its 

inhibition of pro-inflammatory cytokines. (18) 

Our results showed that the PSS rats with alcohol use demonstrate increased anxiety-like 

behavior as demonstrated on EPM and open field tests. An increase in freezing time is also 

considered anxiety-like behavior, which was seen in PSS rats with alcohol use. The study 

drugs Fluoxetine and Minocycline were able to reduce anxiety-like behavior in animals. Our 

study confirms the findings of the study done by Patankar et al. in a model of PTSD in 

hamsters; it showed similar results to our studies with the significant anxiolytic effect of 

Minocycline. (19) Additionally, the above study showed decreased pro-inflammatory 

cytokines in the brain, including IL-1, IL-6, and TNF-α, consolidating the Minocycline anti-

inflammatory hypothesis. A study using chronic administration of Minocycline in a Wistar 

rat model of Intermittent Foot Shock (IFS) was done by Wang et al. (9). The results for 

behavioral tests were similar to our study, as evidenced by an increase in time spent in the 

central square in OFT and increase in time spent in open arms in EPM. The study mentioned 

above also showed a decrease in microglial cell activation in the group receiving 

Minocycline. Various pro-inflammatory activations activate microglial cells in the brain. 
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Thus, a decrease in the same can be attributed to the anti-inflammatory effect of Minocycline 

on PTSD-like states. Similar results are seen in the study by Liu et al. (20), which was done 

using chronic restraint on C57BL/6 mice and chronic administration of Minocycline. In this 

study, the efficacy of Minocycline was comparable to buspirone. 

SSRIs are considered first-line therapy for PTSD by treatment guideline recommendations 

and the results of numerous clinical trials. Although the overall response rate with the use of 

SSRIs is approximately 60% in patients with PTSD, only 36% of patients achieve complete 

remission five months after trauma. (21,22)We decided to use Fluoxetine as our positive 

control as the model used in the study induces acute PTSD associated with distress and 

anxiety componentsin PTSD. The prevalence of PTSD is comparatively higher in individuals 

with alcohol use disorder than in the general population. (23-24)  Also, it is observed that the 

comorbid presentation of PTSD and substance use disorder is associated with a more severe 

clinical presentation and poorer treatment prognosis.(25) Despite this fact, we have not been 

able to successfully study the comorbid condition and delineate the best possible treatment. 

The reasons for the same could be the need for a better animal model of the comorbid 

condition, better designed clinical research, the difference in subpopulations,etc.(26) 

Amongst the numerous models for PTSD, we chose the predator scent stress model as its key 

advantages are etiological correlation with exposure of single stressor, robust behavioral 

phenotypes after trauma. (27)Similar to the study conducted by Manjoch et al., we induced 

the alcohol use disorder and subsequently exposed animals to predator odor. We found 

similar results to those of Manjoch et al., where the freezing time increased and the time 

spent in the open arm in EPM decreased in the exposed group. (28) 

The effect of models of PTSD on plasma corticosterone has been studied in different models. 

Few studies have shown an increase in plasma corticosterone levels following predator stress. 

(29-30)A study conducted by Wilson et al. has shown an increase in serum corticosterone and 

adrenal gland hypertrophy at day 31, considered a means to cope with stress.(30) Other 

studies have reported reduced plasma concentration of corticosterone in rats following 

predator stress, especially with repeated exposures.(31) It is also theorized that stress can 

modulate the circadian rhythm of corticosterone secretion and disrupt the feedback; this 

facilitates the HPA axis to over-release corticosterone and form a vicious cycle.(32)Our study 

showed an increase in corticosterone response to stress as PTSD was induced by a predator 

scent exposure followed by a reminder. Our study is in agreement with Patankar et al., who 

showed a reduced corticosteroid level with minocycline therapy in PTSD in hamsters.(19) 
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The neuroinflammatory hypothesis is a known pathophysiological theory of PTSD. Studies 

have shown that individuals with PTSD exhibit increased blood levels of inflammatory 

markers, such as IL‐1β, IL‐6, TNF‐α, and CRP, relative to healthy control subjects. (33)The 

animal model of predator scent stress model has shown activated B cells (NF-κB) mediated 

activation of the nuclear factor k light-chain enhancer pathway,which promotes anxiety.(34) 

It was shown that the inhibition of this pathway reduced IL-1β concentrations andanxiety 

levels. (34)Similar to the findings in our study, where we saw inflammatory markers raised at 

four weeks, Muhie S et al. found upregulated inflammatory mediators immediately and upto 

four weeks after withdrawal of stress in an animal model of PTSD.(35) 

One of the limitations of this study is that we assessed the prophylactic role of Minocycline in 

PTSD as the drugs were administered before exposure to predator scent stress. However, 

future studies to evaluate its effect after PTSD sets in must be conducted. Also, the study can 

be supported with other stress markers, like serum ACTH, serum cortisol-releasing hormone 

(CRH), and serum testosterone levels. 

Our study elucidates the anxiolytic effect of Minocycline in the model of PTSD in rats with 

alcohol use disorder as confirmed with behavioral parameters assessed using EPM and OFT 

along with a reduction in the serum cortisol levels (biochemical parameter) and inflammatory 

marker (reduced IL-1) indicating that the effects may be mediated through anti-inflammatory 

mechanisms of Minocycline. Our study demonstrates the effect of Minocycline. Further 

studies are required to consolidate our findings and further take the test drug in drug 

development for the benefit of the affected population. 
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