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Introduction 

• The opioid crisis is one of the most serious drug problems in today’s world, nearly 

100,306 people have died from a drug overdose in 2020, with almost 75% of 

them attributed to synthetic opioids, mainly Fentanyl.

• Fentanyl, a powerful analgesic, is used in many medical settings. But 

unfortunately, its potency makes its potential for abuse dangerously high.

• While opioid antagonists such as naloxone may reverse the acute effects of 

Fentanyl, they do not alleviate the neurotoxic damage caused by it.



Background

• In the early 2000s, a phenotypic compound screening study found that some B-

lactams, mainly ceftriaxone, offer neuroprotection. This introduced exciting 

possible solutions to many neurotoxic conditions, including addiction. 

• MC100093, is an experimental B-lactam compound that is devoid of antimicrobial 

activity and is thought to provide neuromodulation without concerns of 

antimicrobial resistance or toxicity. 



Background 



Objectives

• To observe behavioral alterations that may accompany the overdose.

• To explore the effect of fentanyl overdose on certain key inflammatory markers in the 
brain, Interleukin-6 (IL-6) and Toll-Like Receptor-4 (TLR-4).

• To detect any possible metabolic changes that could accompany fentanyl overdose. 

• To determine and compare the effects of the two B-lactams, ceftriaxone and 
MC100093 across these profiles. 



Methods 

• 36 mice were divided into 4 groups: Control, Fentanyl, Fentanyl+Ceftriaxone, 
Fentanyl+MC. 

• Fentanyl and treatments were administered for a total of 9 days, with the injections 
being on alternate days, while control group received normal saline. 

• Fentanyl overdose was administered on the final day before the behavioral test.

• Locomotion and Y-maze tests were preformed to observe altered behavioral patterns.

• Western blotting was preformed to detect IL-6 and TLR-4 protein signals,

• Gas Chromatography Mass Spectrometry (GC-MS) was used to measure different 
metabolites in the brain 



Timeline 
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post 
injection

• NormalSaline200-
250mcg/mice

• Fentanyl 50mcg/kg

• Ceftriaxone 200mg/kg

• MC100093 200mg/kg 

• 500 mcg/kg
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Results: Metabolomic analysis 



Results: Metabolomic analysis 



Conclusions

• Ceftriaxone modulates both locomotory behavior and memory recognition. 

• Ceftriaxone and MC100093 decrease neuroinflammatory markers’ expression 
following fentanyl overdose.

• Metabolomic dysregulation occurred with fentanyl overdose, and is unaffected by any 
of the two treatments. 


