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Abstract 

Background: Addiction is a complex, chronic brain disorder characterized by com-

pulsive drug seeking and use despite harmful consequences. They affect approxi-

mately 10% of the population, and this percentage increases over time. This study 

aimed to investigate the roles of monocyte chemoattractant protein-1 (MCP-1) and 

nuclear factor kappa B (NF-κB) in patients addicted to captagon and methampheta-

mine.  

Methods: This case-control study was carried out for addicted patients with captagon 

and methamphetamine at the Rehabilitation Center for Drug and Substance Abusers 

in the Directorate of Narcotics and Psychotropic Substances in the Karbala gover-

norate from November 2024 to May 2025.  

Results: White blood cell (WBC) levels decreased for both unmarried and married 

patients, while red blood cells (RBC) decreased in unmarried patients. Hematocrit 

test (HCT), mean corpuscular volume (MCV), and mean corpuscular hemoglobin 

(MCH) values increased significantly in both unmarried and married patients with 

captagon and methamphetamine users compared with healthy individuals. MCP-1 

was elevated in married captagon users (470.67 ± 258.41 pg/mL; p < 0.00001) and 

unmarried methamphetamine users (459.40 ± 151.30 pg/mL; p < 0.00001). NF-κB 

was elevated across all user groups (p < 0.00001). Receiver operating characteristic 

(ROC) analysis for MCP-1 (AUC = 99.235%; sensitivity 97.778%, specificity 

97.778%) and NF-κB (AUC = 96.716%; sensitivity 94.444%, specificity 95.556%) 

showed excellent diagnostic accuracy.  

Conclusions: MCP-1 levels were higher in married captagon users than in unmarried 

captagon users, whereas unmarried methamphetamine users exhibited higher MCP-

1 than married methamphetamine users. NF-κB levels were markedly higher in both 

unmarried and married captagon and methamphetamine users.  

Key words: MCP-1, NF-κB, captagon, methamphetamine, biomarkers. 

Introduction 

Addiction is a complex, chronic brain disorder 

characterized by compulsive drug seeking and use 

despite harmful consequences. It is recognized as a 

major public health concern worldwide, affecting 

approximately 10% of the population and increas-

ing over time [1]. Captagon, a pharmaceutical med-

ication that has evolved into a widely abused illicit 

substance, represents a complex intersection of 

medical innovation, geopolitical conflict, and drug 

trafficking. Once developed as a treatment for con-

ditions including attention deficit hyperactivity dis-

order (ADHD) and narcolepsy, captagon now cir-

culates primarily as an illegal drug with a signifi-

cant presence in the Middle East and growing in-

ternational concerns [2]. Methamphetamine is a 

synthetic psychoactive compound belonging to the 

phenethylamine and amphetamine classes, with the 

chemical formula C₁₀H₁₅N. Its International Union 

of Pure and Applied Chemistry name is (S)-N-me-

thyl-1-phenylpropan-2-amine, characterized by a 

phenethylamine backbone featuring a methyl 

group attached to the nitrogen atom and a chiral 

center conferring stereochemical activity, with the 

(S)-enantiomer exhibiting greater central nervous 

system (CNS) potency [3-4]. 

Human monocyte chemoattractant protein-1 

(MCP-1) is located on chromosome 17 (q11.2) and 
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is composed of 76 amino acids, with a molecular 

weight of approximately 13 kDa. The primary 

amino acid sequence of MCP-1 contains a charac-

teristic pattern of cysteine residues that form essen-

tial disulfide bonds critical for maintaining its 

three-dimensional structure and biological activity 

[5]. The expression of MCP-1 or decreased binge 

drinking indicates a neuronal TLR4/MCP-1 signal-

ing pathway that governs the onset of voluntary al-

cohol self-administration [6]. The signal persists 

during alcohol consumption due to heightened ex-

pression of corticotropin-releasing factor and its 

regulatory feedback on TLR4 expression. This 

likely contributes to the development of alcohol de-

pendence; however, the relationship between alco-

hol-induced corticotropin-releasing factor expres-

sion and the specific brain sites involved remains 

ambiguous [7]. MCP-1 plays a critical role in nu-

merous physiological processes, particularly those 

involved in immune cell trafficking and inflamma-

tory responses. One of its primary functions is to 

regulate the migration and infiltration of mono-

cytes, memory T lymphocytes, and other immune 

cells to the sites of injury and infection. This chem-

otactic activity is fundamental to both the routine 

immunological surveillance of tissues and targeted 

responses to inflammation [8-9]. 

Baltimore first identified NF-κB in 1986 as a nu-

clear factor binding to the kappa enhancer of the 

gene encoding the κ light chain of immunoglobulin 

in B lymphocytes [10]. The name NF-κB origi-

nated from this initial observation, denoting "nu-

clear factor binding near the κ light-chain gene in 

B cells." Subsequent research established that NF-

κB is not exclusive to B cells but rather is present 

in almost all animal cell types, playing crucial roles 

across diverse tissues and biological processes 

[11]. The identification of NF-κB represents a sig-

nificant breakthrough in understanding transcrip-

tional regulation and cellular responses to external 

stimuli, setting the foundation for decades of re-

search [12]. The effects of NF-κB activation differ 

substantially across CNS cell types. While neu-

ronal NF-κB signaling typically serves protective 

functions by inducing anti-apoptotic genes, such as 

TNF receptor-associated factors, caspase inhibi-

tors, Bcl-2 family members, and superoxide dis-

mutase, NF-κB activation in astrocytes and micro-

glia is often associated with more detrimental out-

comes [13]. Some studies suggest that NF-κB acti-

vation in oligodendrocyte precursor cells decreases 

apoptosis and promotes cell maturation, indirectly 

contributing to myelination in the CNS, whereas 

other studies indicate that NF-κB may be dispensa-

ble for certain aspects of oligodendrocyte function 

[10, 14]. 

Dysregulated NF-κB signaling in the central nerv-

ous system contributes to various neurodegenera-

tive conditions by promoting neuroinflammation 

and influencing neuronal survival. As the primary 

immune response of the central nervous system, 

microglia exhibit upregulation of NF-κB upon ac-

tivation in response to pathological conditions, ini-

tiating inflammatory cascades that can exacerbate 

neurodegeneration [15-16].  

This study aimed to investigate the roles of MCP-1 

and NF-κB in captagon- and methamphetamine-

addicted patients. 

Materials and Methods   

Study subject 

This case-control study investigated captagon and 

methamphetamine addiction at the Rehabilitation 

Center for Drug and Substance Abusers (Direc-

torate of Narcotics and Psychotropic Substances, 

Karbala Governorate). All the participants pro-

vided written informed consent. A total of 135 ad-

dicted patients were recruited consecutively upon 

admission, along with 45 age-matched healthy con-

trols with no history of substance use between No-

vember 2024 and May 2025. Inclusion required 

males aged 15–70 years with a psychologist-con-

firmed diagnosis of psychostimulant addiction sup-

ported by clinical signs (behavioral changes, with-

drawal symptoms) and laboratory evidence. Exclu-

sion criteria included age <15 years, incomplete 

medical/demographic records, and comorbidities 

(autoimmune diseases and malignancies) that 

could confound immunological results. Patients 

were stratified into the following groups: Group 1, 

who use captagon, subdivided by age (<30 or ≥30 

years); group 2, who use methamphetamine, subdi-

vided similarly; and group 3, who were healthy 

controls, age-matched to groups 1–2. 

Biomarker Assay  

Comprehensive diagnostic testing was performed 

in the laboratory. Hematological (CBC) and immu-

nological biomarkers (MCP-1/monocyte chemo-

tactic and activating factor (MCAF), NF-κB) were 

analyzed in all participants. Biochemical assays 

were performed utilizing a Dirui fully automated 

analyzer (e.g., CS-T240 model). Serum samples 

were centrifuged (3,000 rpm, 10 min) and pro-

cessed via onboard protocols (15-min runtime). 

Complete blood count (CBC) was measured from 

2 mL of EDTA-anticoagulated venous blood using 

an automated hematology analyzer (Sysmex XN-
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series) with the following reference ranges: (white 

blood cells (WBC): 4.5–11.0 × 10³/μL, red blood 

cells (RBC): 4.5–5.9 × 10⁶/μL, hemoglobin (Hb): 

13.5–17.5 g/dL, hematocrit test (HCT): 38.8–

50.0%, mean corpuscular volume (MCV): 80–100 

fL,  and mean corpuscular hemoglobin (MCH): 27–

33 pg). 

Immunological markers were quantified using 

commercial ELISA kits (Human MCP-1/MCAF 

and NF-κB; YH Biosearch Laboratory, China; Cat-

alog E0124Hu at a range of 5-1500 ng/L and 

E0690Hu at a range of 0.03-10 ng/ml, respectively) 

according to the manufacturer protocols. Samples 

and standards were incubated in pre-coated wells, 

developed with HRP-conjugate, and read at 450 

nm. All assays included internal quality control and 

inter-assay calibration to ensure reproducibility. 

Ethical Approval 

The study was carried out in accordance with the 

Declaration of Helsinki, 2013. This study was ap-

proved by the Directorate of Narcotics and Psycho-

tropic Substances, Karbala Governorate, under eth-

ical document No. 3798 on 05 Nov 2024. After the 

Ministry of Health and Environment granted per-

mission to conduct the study, samples were col-

lected, and the study commenced. The study partic-

ipants gave their permission to collect sociodemo-

graphic data and undertake experiments on the se-

lected samples with respect to patient confidential-

ity. 

Statistical Analysis 

Data were analyzed using SPSS version 22. Con-

tinuous variables are expressed as mean ± standard 

deviation (SD). Group comparisons (e.g., control 

vs. drug users, marital subgroups) were performed 

using independent samples Student's t-test. For 

comparisons across more than 2 groups (e.g., con-

trol, captagon, and methamphetamine), one-way 

ANOVA with Bonferroni post-hoc correction was 

applied. Statistical significance was set at p < 0.05. 

Receiver operating characteristic (ROC) curves 

were generated to evaluate biomarker diagnostic 

accuracy (cutoff values, sensitivity, specificity, and 

AUC). 

Results  

Ninety male patients, including captagon and 

methamphetamine users, demonstrated signifi-

cantly more unmarried methamphetamine users 

than captagon users (29 (64.4%) and 20 (44.4%), 

respectively), while the number of married capta-

gon users was 25 (55.6%) and 16 (35.6%), respec-

tively, and urban methamphetamine users were 31 

(68.9%) compared with healthy individuals. Pa-

tients aged ˃30 years who were captagon users 

were more than methamphetamine users (40.75 ± 

9.55 and 38.02 ± 6.84, respectively) (Table 1). Ta-

ble 2 presents the hematological parameters (WBC, 

RBC, Hb, HCT, MCV, and MCH) compared with 

healthy individuals, captagon users, and metham-

phetamine users, stratified by marital status. Signif-

icant differences (p < 0.05) were observed across 

all parameters; WBC levels decreased for both un-

married and married captagon and methampheta-

mine users compared with healthy individuals 

(7.20 ±0.76; 6.44 ±1.32; 6.72±1.24, and 6.56±1.26, 

respectively), with notably low p-values (p = 

0.00001 for MCV and MCH). Unmarried captagon 

and amphetamine users exhibited lower RBC (5.40 

± 0.99 and 4.58 ± 1.15, respectively) than healthy 

individuals. While methamphetamine users con-

sistently showed reduced RBC regardless of mari-

tal status (4.56±1.03) compared with healthy indi-

viduals. Hemoglobin (Hb) levels were more ele-

vated in captagon users (unmarried: 15.35 ± 1.56 

and married: 14.80 ± 1.58) than in healthy individ-

uals (13.53 ± 1.62).  

Table 1: Distribution and characteristics of patients and controls according to the study subjects. 
Parameters Level Healthy individuals  Captagon Methamphetamine Total p-value 

Sex Male 45 45 45 135 0.00001 

100% 100% 100% 100% 

Marital 

Status 

Unmarried 45 20 29 94 0.00004 

100.0% 44.4% 64.4% 69.6% 

Married 0 25 16 41 

0.0% 55.6% 35.6% 30.4% 

Address urban 27 29 31 87 0.67846 

60.0% 64.4% 68.9% 64.4% 

rural 18 16 14 48 

40.0% 35.6% 31.1% 35.6% 

Age Group  Less than 30 36 20 37 93 0.00008 

80.0% 44.4% 82.2% 68.9% 

Greater than 30 9 25 8 42 

20.0% 55.6% 17.8% 31.1% 

Age 

(Mean ± SD)  

Less than 30 23.77 ± 2.88 23.0 ± 2.07 24.94 ± 2.22 24.07 ± 2.56 0.011 

Greater than 30 33.33 ± 1.50 38.84 ± 6.42 40.75 ± 9.55 38.02 ± 6.84 0.049 

Overall 25.68 ± 4.69 31.800 ± 9.36 27.8 ± 7.67 28.41 ± 7.8 0.0165 
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In the current study, the levels of all immunological 

markers were significantly increased.  MCP-1 lev-

els were significantly elevated in both captagon 

and methamphetamine users compared to controls 

(p < 0.00001). Married captagon users exhibited 

higher MCP-1 (470.67 ± 258.41 pg/mL) than un-

married captagon users (403.75 ± 170.66 pg/mL). 

Conversely, unmarried methamphetamine users 

showed higher MCP-1 (459.40 ± 151.30 pg/mL) 

than married users (409.22 ± 127.32 pg/mL). NF-

κB levels were markedly higher in both unmarried 

and married captagon and methamphetamine users 

(1.72 ± 0.42, 1.70 ± 0.48, 1.90 ± 0.44, and 1.90 ± 

0.41, respectively) than in healthy individuals (Ta-

ble 3). 

Table 4 and Figure 1 summarize the diagnostic per-

formance of three biomarkers (MCP and NF-κB) 

using receiver operating characteristic (ROC) anal-

ysis. All biomarkers demonstrated excellent diag-

nostic accuracy, with area under the curve (AUC) 

values exceeding 96%: TNF-α (97.556%), MCP 

(99.235%), and NF-κB (96.716%). Sensitivity and 

specificity were consistently high across bi-

omarkers, ranging from 94.444% to 97.778% and 

95.556% to 97.778%, respectively. Asymptotic 

significance values (p < 0.002) confirmed statisti-

cal reliability, while narrow 95% confidence inter-

vals (TNF-α: 0.952–0.999) indicated precise esti-

mates. The optimal cutoff points for MCP and NF-

κB distinguishing cases were 157.418 and 0.870, 

respectively, and exhibited the highest AUC and 

balanced sensitivity-specificity (97.778% and 

94.444%), suggesting superior discriminatory 

power. 

Table 2: Comparison of hematological parameters between control, captagon, and methamphetamine groups strati-

fied by marital status. 
Parameter Group Control Captagon Methamphetamine p-value 

Mean SD Mean SD Mean SD 

WBC Unmarried 9.37 1.41 7.20 0.76 6.44 1.32 0.0084 

Married 9.37 1.41 6.72 1.24 6.56 1.26 0.0199 

RBC Unmarried 7.33 1.28 5.40 0.99 4.58 1.15 0.0003 

Married 7.33 1.28 7.32 1.77 4.56 1.03 0.0003 

Hb Unmarried 13.53 1.62 15.35 1.56 14.13 1.43 0.0003 

Married 13.53 1.62 14.80 1.58 14.81 1.27 0.0019 

HCT Unmarried 40.93 4.45 44.75 2.07 43.93 2.37 0.0002 

Married 40.93 4.44 43.44 2.27 45.00 1.86 0.0003 

MCV Unmarried 84.09 6.81 91.45 1.60 91.82 2.28 0.00001 

Married 84.09 6.81 91.72 1.99 92.25 1.77 0.00001 

MCH Unmarried 26.67 2.31 32.00 2.79 33.13 5.51 0.00001 

Married 26.67 2.31 33.44 2.08 32.06 1.28 0.00001 

WC: white blood cells, RBC: white red blood cells, Hb: hemoglobin, HCT: hematocrite test, MCV: mean corpuscular volume, 

MCH: mean corpuscular hemoglobin  

Table 3: Comparison of serum inflammatory marker levels (MCP-1 and NF-κB) among control, captagon, and 

methamphetamine users stratified by marital status 
Parameter Group Control Captagon methamphetamine p-value 

Mean SD Mean SD Mean SD 

MCP-1 Unmarried 19.15 3.55 403.75 170.66 459.40 151.30 <0.00001 

Married 19.15 3.55 470.67 258.41 409.22 127.32 <0.00001 

NF-κB Unmarried 0.28 0.04 1.72 0.42 1.90 0.44 <0.00001 

Married 0.28 0.04 1.70 0.48 1.90 0.41 <0.00001 

MCP-1: monocyte chemoattractant protein-1, NF-κB: nuclear factor kappa B 

Table 4: Performance metrics of TNF-α, MCP, and NF-κB biomarkers, including diagnostic accuracy, sensitivity, 

and specificity 
Metrics MCP NF-κB 

Std. Error 0.005 0.015 

Asymptotic Sig. 0.001 0.001 

Asymptotic 95% Confidence Interval  Lower Bound 0.982 0.937 

Upper Bound 1.000 0.997 

Cutoff Point 157.418 0.870 

Area Under Curve (AUC) 99.235% 96.716% 

Sensitivity 97.778% 94.444% 

Specificity 97.778% 95.556% 
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Figure 1: Receiver Operating Characteristic curves for 

TNF-α, MCP, and NF-KB biomarkers 

Discussion 

This study highlights a significant male predomi-

nance in substance use. 100% of captagon and 

methamphetamine users were male, consistent with 

findings from Baghdad, where 95% of participants 

were male [17]. Similarly, Curran et al. (2022) 

noted that methamphetamine users are dispropor-

tionately male and often of lower socioeconomic 

status [18]. Unmarried patients constituted the ma-

jority of the substance users. For instance, 64.4% 

of methamphetamine users were unmarried, con-

sistent with broader conclusions that Iraqi meth us-

ers are predominantly single [17], and the risk fac-

tors for amphetamine use include peer use, a his-

tory of violence, unfavorable friends, and low lev-

els of education. Males, singles, and urban resi-

dents were prevalent among substance users 

(68.9% for methamphetamine and 64.4% for cap-

tagon). It was reported that 80% of participants 

lived in urban areas [17]. According to Derefinko 

et al. (2018), rural residents had lower rates of al-

cohol and marijuana usage than their urban coun-

terparts when they were freshmen, but by their jun-

ior year, they had caught up with urban students 

[19]. The methamphetamine users were younger 

(82.2% less than 30 years). Westbrook et al. (2020) 

emphasized that early adulthood is a critical period 

for methamphetamine exposure [20]. Adolescent 

vulnerability is further supported by Guerin et al. 

(2023) [21], who linked methamphetamine use in 

youth (10–25 years) to impulsivity and poor educa-

tional outcomes.  

The mean age of methamphetamine users (24.94 ± 

2.22 for those under 30) reflects a younger demo-

graphic. Al-Imam et al. (2023) identified with-

drawal symptoms and psychotic traits in this group, 

underscoring the age-specific risks. Low educa-

tional attainment and socioeconomic status are 

strongly associated with substance use [22]. Over 

61% of methamphetamine users had only primary 

education, unemployment, and low education as 

key risk factors [23]. Guerin et al. (2023) high-

lighted cognitive impairments [21], whereas Hanan 

et al. (2025) [24] linked adolescent use to psycho-

social issues. The rise in methamphetamine use 

poses economic strain, as substance users are less 

productive and more likely to be unemployed [25].  

This contrasts with prior studies reporting elevated 

WBC counts in methamphetamine users and am-

phetamine/cocaine addicts [26-27]. RBC counts 

and Hb levels were significantly lower in metham-

phetamine groups, aligning with findings of de-

creased Hb, HCT, and albumin in methampheta-

mine users [26, 28]. Methamphetamine groups 

demonstrated elevated HCT and markedly higher 

MCV and MCH. Marital status stratified differ-

ences emerged: unmarried captagon users had 

lower WBC and RBC counts than their married 

counterparts, while married methamphetamine us-

ers showed marginally higher HCT and MCV. 

Such stratification underscores the role of socio-

demographic factors in hematological outcomes, as 

highlighted in studies of amphetamine-cannabis 

poly-drug users [29-30]. 

MCP-1 elevation in cerebrospinal fluid (CSF) has 

been linked to dementia progression in humans, 

implicating chemokine signaling in neurodegener-

ative processes [31]. In alcoholic liver disease, 

MCP-1 is upregulated in hepatocytes, although its 

functional role remains unclear. Further research is 

needed to elucidate its cell-specific modulation 

during injury, proposing a model in which alcohol 

upregulates MCP-1 expression and activates CCR2 

signaling, leading to activation of pro-inflamma-

tory transcription factors such as AP-1 and NF-κB 

through GSK3β or JNK pathways, ultimately caus-

ing neuroinflammation and neuronal death [32]. 

The role of MCP1/CCR2 in alcohol-induced brain 

damage remains unclear. Recent evidence indicates 

that alcohol exposure increases the activity of 

MCP-1/CCR2 in both mature and developing cen-

tral nervous systems (CNS) [32]. Clinically, MCP-

1 serves as a diagnostic and prognostic marker in 

diabetic kidney disease, with levels strongly asso-

ciated with nephropathy severity, progression, and 

outcome [33-34]. A cross-species translational 

study examining immune dysregulation in meth-

amphetamine users found that MCP-1 levels were 

similarly increased in the plasma of methampheta-

mine-exposed mice and humans. This study 

demonstrated that mice with methamphetamine-in-

duced changes in peripheral immune molecule ex-

pression also showed significant brain region-spe-

cific changes in pro-inflammatory cytokines, 

chemokines, and ICAM-1 [31]. We hypothesized 
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that MCP-1 upregulation promotes monocyte infil-

tration into the CNS and perpetuates neurotoxicity. 

This aligns with murine studies, where METH in-

creased hippocampal MCP-1 expression, concom-

itant with microglial activation and spatial memory 

deficits [35]. 

Recent studies have highlighted the prognostic and 

diagnostic utility of inflammatory biomarkers for 

various renal and hepatic pathologies. Patients pre-

senting with acute-on-chronic liver failure (ACLF) 

exhibit significantly reduced circulating levels of 

tumor necrosis factor-alpha (TNF-α) and macro-

phage inflammatory protein-1 alpha (MIP-1α) 

[36]. A recent study investigated the addiction 

treatment on inflammatory markers and found a 

significant decrease in MCP-1 levels in patients re-

ceiving medium doses of both medications. This 

research reinforced the understanding that MCP-1 

plays a crucial role in drug addiction by participat-

ing in dopamine neuron activation in the reward 

system and affecting hypothalamic-pituitary-ad-

renal (HPA) axis deregulation through corticotro-

phin-releasing factor secretion [37]. Another study 

supported previous findings that buprenorphine 

may reduce MCP-1 by inhibiting monocytes by 

blocking the integrin pathway and by controlling 

addiction and neuroinflammatory process deterio-

ration, while methadone showed more severe ef-

fects on intracellular functions [38]. 

NF-κB activation is a hallmark of METH-induced 

toxicity, as evidenced by the increased nuclear 

translocation and transcriptional activity in ex-

posed models [39]. Human studies corroborate 

these findings, showing marked NF-κB overex-

pression in chronic METH users [40]. Beyond neu-

rotoxicity, NF-κB regulates inflammatory and 

apoptotic pathways in diverse pathologies, includ-

ing acute liver failure, via its canonical pathway 

[40]. A groundbreaking study demonstrated the 

primary neurotransmitter affected by all addictive 

substances directly activates NF-κB in primary hu-

man macrophages, resulting in the induction of 

downstream targets, including the NLRP3 inflam-

masome and the inflammatory cytokine IL-1β [41]. 

The researchers found  that NF-κB activation is re-

quired for dopamine-mediated increases in IL-1β 

production, as an NF-κB inhibitor completely ab-

rogates the effects of dopamine on cytokine pro-

duction [41].  

A comprehensive review examined the functions of 

NF-κB in addiction processes and demonstrated 

that NF-κB can induce the expression of diverse 

gene targets beyond inflammatory mediators, in-

cluding opioid receptors and neuropeptides in-

volved in addictive processes [42]. The authors 

presented evidence that NF-κB mediates complex 

behaviors, including learning and memory, stress 

responses, anhedonia, and drug reward processes 

that may extend beyond the classic neuroimmune 

response traditionally associated with this tran-

scription factor [42]. Researchers found that the 

NF-κB antagonist sodium diethyldithiocarbamate 

trihydrate significantly reversed cocaine-induced 

expression changes in the amphetamine addiction 

pathway, with genes demonstrating differential ex-

pression in response to cocaine treatment being en-

riched for the axon guidance pathway [43]. An-

other  study revealed that the NF-κB homodimer 

motif could be mapped to 86 of the genes reversed 

by NF-κB inhibition, suggesting that NF-κB di-

rectly modifies the expression of axon guidance 

pathway members, leading to cocaine sensitization 

and uncovering the molecular mechanisms by 

which NF-κB drives changes in the addicted brain 

[44]. A recent study examined the synergistic car-

diotoxic effects of captagon (a fenethylline) and 

azithromycin. The researchers demonstrated that 

both substances, alone and in combination, caused 

cardiotoxicity by activating several inflammatory 

pathways and observed a significant increase in 

NF-κB expression in both the captagon-only and 

captagon with azithromycin groups, with dose-de-

pendent effects [45]. NF-κB signaling has emerged 

as a pivotal driver of renal fibrosis. Accumulating 

evidence suggests that NF-κB is a central modula-

tor of fibrotic pathways, and its activation is impli-

cated in extracellular matrix remodeling and 

chronic kidney disease progression [46]. 

Conclusions 

Captagon and methamphetamine addiction induce 

hematological dyscrasias and robust upregulation 

of MCP-1/NF-κB, with marital status influencing 

MCP-1 expression. These biomarkers demonstrate 

high diagnostic accuracy and are mechanistically 

linked to neuroinflammation, hepatic/renal dam-

age, and addiction pathophysiology, positioning 

them as critical predictors for organ disease in sub-

stance use disorders. 
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