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After attending this presentation, attendees will understand the significance of P-glycoprotein (P-gp) and the 
potential for toxic Central Nervous System (CNS) effects as they relate to loperamide.

This presentation will impact the forensic science community by providing proof that loperamide does in fact 
cross the human Blood-Brain Barrier (BBB) when taken at supratherapeutic doses.

Loperamide has been accepted as an effective, over-the-counter anti-diarrheal drug with low abuse potential.  It 
is a synthetic opioid that lacks CNS activity at prescribed doses and originally identified safe because of its inability 
to access the brain. Several older publications note that loperamide is peripherally-acting and does not cross the 
BBB.  The North Carolina Office of the Chief Medical Examiner (NC OCME) has encountered over 20 cases 
where loperamide contributed to death by drug overdose.1  A 34-year-old female found unresponsive in her bed was 
suspected to be a loperamide-related death. Statements made by the family recognize that she had found an article 
claiming that Loperamide could possibly help alleviate back pain.  One week prior to her death she was taking 40 
tablets per day. 

When taken in excess, the organic base extraction with gas chromatography-mass spectrometry/nitrogen 
phosphorus detector (GC-MS/NPD) screening method identifies loperamide followed by a separate technique to 
confirm and quantify the drug by liquid chromatography-tandem mass spectrometry (LC/MS/MS).  While brain is 
not a specimen routinely obtained at autopsy, the possibility of detecting loperamide in brain may help explain the 
CNS effects.  The quantitation of loperamide in brain was accomplished using a matrix-spiked specimen comparison.

Specimen Loperamide	
Concentration Other	Drugs

Peripheral	
Blood	
(mg/L)

Liver
(mg/kg)

Central Blood (Heart) Present Alprazolam 0.070 -
Peripheral Blood (Iliac) 0.19mg/L Diphenhydramine 1.5 5.7

Vitreous Humor 0.034mg/L Duloxetine 0.24 2.0
Urine 1.3mg/L
Liver 2.3mg/kg

Brain (medulla) 0.081mg/kg
Brain (other) 0.093mg/kg

Loperamide is a known substrate for the efflux protein P-gp, which appears to be instrumental to loperamide 
behaving as a centrally-active substance.  P-gp is expressed at the BBB, resulting in the ability to translocate 
potentially toxic substances out of the brain.  While taking an excess of loperamide may overwhelm the efflux 
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transporter at a large enough concentration, taking it in combination with a drug that inhibits its action will heighten 
the likelihood of adverse events, such as overdose or death.  In this case study, the decedent was also taking 
duloxetine, a known P-gp inhibitor.

The case was ruled an accidental drug poisoning from loperamide, alprazolam, duloxetine, and diphenhydramine 
intoxication.  While several animal studies have suggested the possibility of loperamide crossing the human BBB, 
the postmortem brain tissue from this decedent suggests that loperamide does in fact act on the central nervous 
system, contrary to early literature studies. 
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