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SOFT-DFC Snapshots are short reports of critical information about the more common drugs associated 
with drug-facilitated crimes (DFCs). They are not complete literature reviews about the drug or drug 
class. One key aspect is their focus on the ability to detect a drug after a single-dose administration, as 
is often the situation in DFC investigations. As such, these summaries also point out instances in which 
available data is limited in the hopes that this will encourage further research studies. Finally, SOFT-
DFC Snapshots point to the use of these drugs in actual DFC cases, as cited in the medical and open 
literature. 

 
Zolpidem is an imidazopyridine derivative primarily prescribed as a sedative medication for the short-
term treatment of insomnia. It has been available in the United States since 1993 and has been 
suspected or confirmed in numerous DFC investigations worldwide. A 2005 paper declared zolpidem as 
one of the most frequently used drugs to facilitate sexual assault in Paris and surrounding suburbs.1 
Likewise, a 2015 review of 555 DFSA cases analyzed at the National Forensic Service (NFS) in South 
Korea between 2006 and 2012 found zolpidem in nearly 6% of the cases.2  In contrast, a recent US study 
found zolpidem in just 0.6% of 1000 cases analyzed over 15 months from March 2015 to June 2016.3 
 
Drug Class:4 Miscellaneous (Sedative-Hypnotic) 

 
Generic Name:  Zolpidem  

 
Brand Name(s):  Ambien, Ambien CR, Edluar, Intermezzo, Zolpimist 

 
Dosage Forms: Oral tablet (5 or 10 mg); oral tablet, extended release (6.25 or 12.5 

mg); sublingual tablets (1.75, 3.5, 5 and 10 mg); oral spray (5 mg per 
metered spray).5   
 

FDA Approval: Zolpidem is an imidazopyridine derivative with pharmacological 
effects due to binding to the GABAA receptor. This leads to the 
enhancement of GABAergic inhibition of neurotransmission in the 
central nervous system, resulting in the CNS depressants effects such 
as dizziness and drowsiness.  It is approved for the treatment of 
insomnia. Other common side effects include memory loss, anxiety, 
and abnormal thoughts/behaviors. Complex sleep behaviors (e.g., 
sleepwalking, sleep-driving, and engaging in other activities while not 
fully awake) have been reported while using zolpidem.6 Combining 
zolpidem with other CNS depressants (e.g., alcohol, benzodiazepines, 
opiates, sedative antihistamines, tricyclic antidepressants) results in 
an increased risk of CNS depression, including an adverse effect on 
psychomotor performance.7 
 

Metabolism/Elimination: Hepatic metabolism occurs predominantly through CYP3A4 and to a 
lesser extent by CYP1A2 and CYP2D6, producing two primary, inactive 
urinary metabolites:  zolpidem phenyl-4-carboxylic acid (metabolite I) 



and zolpidem 6-carboxylic acid (metabolite II).8 Metabolite I 
represents about 33-50% of the parent drug, while metabolite II 
accounts for about 6-10%.9,10 The average elimination half-life of 
zolpidem ranges between 2 to 3.5 hrs.5,7,11,12  It is noted that this may 
be extended for females, so lower doses are recommended to avoid 
prolonged impairment.13,14  Extended elimination half-lives may also 
be observed in the elderly, where the half-lives may be about 32% 
longer with some formulation types.7,15 
 

Single Dose Studies: Urine: 
 
The SOFT DFC Committee4 and the AAFS Standards Board16 have 
established the importance of testing urine samples from alleged 
victims of drug-facilitated crimes for zolpidem’s primary urinary 
metabolite, zolpidem phenyl-4-carboxylic acid (metabolite I), at a 
decision point concentration of 10 ng/mL or lower. Urine is easily 
collected, straightforward to analyze, and provides a longer window of 
detection of zolpidem ingestion compared to blood. 
 
There are limited single-dose studies of zolpidem with measurements 
made in urine specimens over time. In one study, three volunteers 
were administered a 10-mg oral dose of zolpidem and then provided 
urine specimens every 12 hrs. afterward up to 144 hrs.17 With the 
author’s LC-MS/MS method and a reported detection limit of 0.01 
ng/mL, they were able to detect the single exposure of the parent drug 
zolpidem for up to 60 hr. in urine, with the largest concentrations (5-
25 ng/mL) appearing in the first 12 hr. specimen after administration. 
The authors did not look for zolpidem metabolites in this study. 
 
A 2012 study involved four Chinese subjects administered a single 10-
mg oral dose of zolpidem.18  The highest urinary concentrations for 
zolpidem (about 250 ng/mL) occurred at 4 hrs. post-administration.  
Likewise, the highest concentration of zolpidem metabolite II was 200 
ng/mL at the 4-hr. collection. However, zolpidem metabolite I did not 
reach its maximum concentration (550 ng/mL) until 8 hrs. after 
ingestion. 
 

 Blood/Plasma/Serum: 
 
Blood, plasma, and serum specimens allow for more meaningful 
quantitative assessments of positive findings; however, zolpidem and 
its metabolites may no longer be detectable if these specimens are 
collected more than 8-12 hrs. after the alleged ingestion of a single 
dose.  
 
Peak plasma concentrations in healthy adults following oral 
administration of 5 or 10 mg conventional zolpidem tablets averaged 



59 (range: 29-113) and 121 (range: 58-272) ng/mL, respectively, at a 
mean time (Tmax) of 1.6 hours for both.5 

 
In another study, single oral 12.5 mg extended-release zolpidem 
tablets found an average peak plasma concentration of 134 ng/mL 
occurring at a Tmax of 1.5 hours.19 
3.5 mg sublingual zolpidem tablets administered to fasting young 
adults resulted in a peak plasma concentration of 57 ng/mL at a Tmax of 
0.9 hours.11 Others have reported that the Tmax ranges between 30-180 
minutes, with a median time of 82 minutes for some sublingual 
formulations.5 

 
Zolpidem oral spray is quickly absorbed from the oral mucosa and GI 
tract resulting in a Tmax that is under 1 hour.5 
 

 Hair: 
 
Hair allows for the longest window of detection for zolpidem. Still, it 
comes with the disadvantage of being more difficult to analyze, the 
requirement of methods about 1,000-1,000,000 times more sensitive 
than what is needed for analyzing blood or urine, and the general 
inability to differentiate ingestions from one week to the next. 
 
Shima et al. developed a sensitive LC-MS/MS procedure (LOD: 50 fg/2-
cm of a single hair) to analyze single hairs collected from a volunteer 
after ingestion of a single 10-mg dose of zolpidem.20 14 of the 15 hairs 
collected 67 days after ingestion had detectable amounts of zolpidem 
in the first 2-cm of the single hairs estimated to average 43 pg (range: 
27-63 pg). 
 
Another study used an LC-MS/MS method to analyze hair specimens 
from three volunteers collected 3-5 weeks after ingestion of a single 
10 mg dose of zolpidem.17 Zolpidem was detected in the hair 
specimens at concentrations ranging from 2 to 10 pg/mg. 
 
Remarkably higher concentrations were reported in another study.21 
Hair collected from 20 Chinese volunteers one month after 
administration of a single 10-mg dose of zolpidem found zolpidem 
concentrations ranging between 135-555 pg/mg in the first 2-cm 
segments of hair. 
 

DFC Cases: A 2004 publication reported a young, hospitalized female who was 
offered a coffee by a male nurse and subsequently went unconscious.  
As she regained consciousness, she realized she was being sexually 
assaulted; however, she did not report this to the police until 6 days 
later. A hair specimen was collected 15 days after the alleged offense 
and was found to contain unprescribed zolpidem in the first 2 cm 
segment.17 



 
One of the most high-profile cases involved an American NFL star – 
Darren Sharper – who was accused of raping numerous women from 
2011 to 2014 in different states while either drugged or 
unconscious.22,23 Zolpidem was one of the drugs that Sharper was 
accused of and later admitted to, surreptitiously administering to his 
victims.22,24 Two co-conspirators in the Louisiana crimes also pleaded 
guilty to using zolpidem in those rapes.25 

 
A 2012 study reported a girl drinking a soft drink offered by a young 
man at a party.18 After consuming the drink, she became unconscious. 
Approximately 16 hours later, she woke up and realized she had been 
sexually assaulted. After reporting the assault to the police, she had 
blood and urine collected at the hospital (approximately 20 hours after 
the assault). Zolpidem metabolite I was found at 10 ng/mL in the 
victim’s blood specimen, but zolpidem and zolpidem metabolite II 
were not detected. Zolpidem and both metabolites were identified in 
the urine specimen. 

 
In 2014, a Houston businessman admitted using zolpidem to drug a 
female employee while traveling together on a business trip.  While 
unconscious, he took photographs of her nude body and attempted to 
commit a drug-facilitated sexual assault.26  
 
In 2016, a 56-year-old female claimed to have been sexually assaulted 
by a group of five men (employees of the hotel where she was staying) 
after consuming an alcoholic drink offered by one of them. Three urine 
specimens were collected at 38, 44, and 45 hours after the assault, and 
a hair sample was collected seven months later. Although the urine 
specimens were tested following SOFT recommendations, no drugs 
were detected. However, zolpidem and two other CNS depressant 
drugs (flunitrazepam and oxazepam) were detected in the hair sample. 
The reported zolpidem concentration ranged between 0.7 to 1.1 
pg/mg in different hair segments.27 
 

References: 
 

 

1. Chèze, Marjorie, et al. "Hair analysis by liquid chromatography-tandem mass spectrometry in 
toxicological investigation of drug-facilitated crimes: Report of 128 cases over the period June 
2003–May 2004 in metropolitan Paris." Forensic Science International 153.1 (2005): 3-10. 
https://doi.org/10.1016/j.forsciint.2005.04.021  
 

2. Choi, Hyeyoung, et al. "Epidemiological Analysis and Toxicological Findings of Drug Facilitated 
Sexual Assault Cases." Yakhak Hoeji 59.5 (2015): 230-234. 
https://doi.org/10.17480/psk.2015.59.5.230  
 

https://doi.org/10.1016/j.forsciint.2005.04.021
https://doi.org/10.17480/psk.2015.59.5.230


3. Fiorentin, Taís Regina and Barry Kerr Logan. "Toxicological findings in 1000 cases of suspected 
drug facilitated sexual assault in the United States." Journal of Forensic and Legal Medicine 61 
(2019): 56-64. https://doi.org/10.1016/j.jflm.2018.11.006 

  
4. “Recommended Minimum Performance Limits for Common DFC Drugs and Metabolites in Urine 

Samples”. SOFT Drug-Facilitated Crimes Committee, Society of Forensic Toxicologists. June 2017. 
Retrieved March 24, 2022. 
 

5. “Zolpidem Tartrate – Drug Summary”. Prescriber’s Digital Reference. PDR.net. Retrieved March 
24, 2022. 
 

6. “Ambien”. Sanofi-Aventis. Ambien.com. November 2019. Retrieved March 24, 2022. 
 

7. “Zolpidem Monograph for Professionals”.  Drugs.com. Retrieved March 24, 2022. 
 

8. Durand, A., et al. "Comparative pharmacokinetic profile of two imidazopyridine drugs: zolpidem 
and alpidem." Drug Metabolism Reviews 24.2 (1992): 239-266. 
https://doi.org/10.3109/03602539208996294 
 

9. Fraisse, J., D. Garrigou-Gadenne, and J. P. Thénot. "Pharmacokinetic and metabolic profiles of 
zolpidem." In: Freeman H, Puech AJ, Roth T, eds. Zolpidem: an update of its pharmacological 
properties and therapeutic place in the management of insomnia. Paris: Elsevier (1996): 45-57. 
 

10. Lewis, John H., and John H. Vine. "A simple and rapid method for the identification of zolpidem 
carboxylic acid in urine." Journal of Analytical Toxicology 31.4 (2007): 195-199. 
https://doi.org/10.1093/jat/31.4.195 
 

11. Greenblatt, David J., et al. "Influence of food on pharmacokinetics of zolpidem from fast dissolving 
sublingual zolpidem tartrate tablets." The Journal of Clinical Pharmacology 53.11 (2013): 1194-
1198. https://doi.org/10.1002/jcph.159 
 

12. Guo, Tao, et al. "Comparative pharmacokinetics of zolpidem tartrate in five ethnic populations of 
China." Acta Pharmaceutica Sinica B 4.2 (2014): 146-150. 
https://doi.org/10.1016/j.apsb.2014.02.001 
 

13. “Questions and Answers: Risk of next-morning impairment after use of insomnia drugs; FDA 
requires lower recommended doses for certain drugs containing zolpidem (Ambien, Ambien CR, 
Edluar, and Zolpimist)”. Food and Drug Administration. February 13, 2018. Retrieved March 24, 
2022. 
 

14. “Questions and Answers: Risk of next-morning impairment after use of insomnia drugs; FDA 
requires lower recommended doses for certain drugs containing zolpidem (Ambien, Ambien CR, 
Edluar, and Zolpimist)”. Food and Drug Administration. February 13, 2018. Retrieved March 24, 
2022. 
 

15. Greenblatt, David J., et al. "Gender differences in pharmacokinetics and pharmacodynamics of 
zolpidem following sublingual administration." The Journal of Clinical Pharmacology 54.3 (2014): 
282-290. https://doi.org/10.1002/jcph.220 

https://doi.org/10.1016/j.jflm.2018.11.006
https://www.soft-tox.org/files/MinPerfLimits_DFC2017.pdf
https://www.soft-tox.org/files/MinPerfLimits_DFC2017.pdf
https://www.pdr.net/drug-summary/Ambien-zolpidem-tartrate-2515.8323
https://www.ambien.com/
https://www.drugs.com/monograph/zolpidem.html
https://doi.org/10.3109/03602539208996294
https://doi.org/10.1093/jat/31.4.195
https://doi.org/10.1002/jcph.159
https://doi.org/10.1016/j.apsb.2014.02.001
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-risk-next-morning-impairment-after-use-insomnia-drugs-fda-requires-lower
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-risk-next-morning-impairment-after-use-insomnia-drugs-fda-requires-lower
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-risk-next-morning-impairment-after-use-insomnia-drugs-fda-requires-lower
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-risk-next-morning-impairment-after-use-insomnia-drugs-fda-requires-lower
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-risk-next-morning-impairment-after-use-insomnia-drugs-fda-requires-lower
https://www.fda.gov/drugs/drug-safety-and-availability/questions-and-answers-risk-next-morning-impairment-after-use-insomnia-drugs-fda-requires-lower
https://doi.org/10.1002/jcph.220


 
16. “ANSI/ASB Standard 121: Standard for Analytical Scope and Sensitivity of Forensic Toxicological 

Testing in Drug-Facilitated Crime Investigations”. First Edition, 2021. Academy Standards Board, 
American Academy of Forensic Sciences. 2022. Retrieved March 25, 2022. 
 

17. Villain, M., et al. "Windows of detection of zolpidem in urine and hair: application to two drug 
facilitated sexual assaults." Forensic Science International 143.2-3 (2004): 157-161. 
https://doi.org/10.1016/j.forsciint.2004.04.019 
 

18. Shi, Yan, et al. "A rapid and accurate UPLC/MS/MS method for the simultaneous determination 
of zolpidem and its main metabolites in biological fluids and its application in a forensic context." 
Journal of Chromatography B 911 (2012): 140-146. 
https://doi.org/10.1016/j.jchromb.2012.10.018 
 

19. Weinling, Estelle, et al. "Pharmacokinetic profile of a new modified release formulation of 
zolpidem designed to improve sleep maintenance." Fundamental & Clinical Pharmacology 20.4 
(2006): 397-403. https://doi.org/10.1111/j.1472-8206.2006.00415.x 
 

20. Shima, Noriaki, et al. "Single-hair analysis of zolpidem on the supposition of its single 
administration in drug-facilitated crimes." Forensic Toxicology 33.1 (2015): 122-130. 
https://doi.org/10.1007/s11419-014-0260-7 
 

21. Cui, Xiaopei, et al. "Segmental hair analysis after a single dose of zolpidem: comparison with a 
previous study." Journal of Analytical Toxicology 37.6 (2013): 369-375. 
https://doi.org/10.1093/jat/bkt035 
 

22. "Factual basis". justice.gov. The U.S. District Court, Eastern District of Louisiana. May 29, 2015. 
Retrieved March 25, 2022. 
 

23. Gorman, Steve; Trott, Bill; Cooney, Peter (March 23, 2015). "Ex-NFL star Sharper admits to sexual 
assaults in California, Arizona". Reuters. Retrieved March 25, 2022. 
 

24. "Darren Sharper Sentenced on Drug Distribution Charges". US Attorney's Office, Eastern District 
of Louisiana. US Department of Justice. August 18, 2016. Retrieved March 25, 2022. 
 

25. "Former St. Bernard Parish Deputy Pleads Guilty in Darren Sharper Matter". US Attorney’s Office, 
Eastern District of Louisiana. US Department of Justice. July 15, 2016. Retrieved March 25, 2022. 
 

26. “Local Businessman Handed Maximum Sentence for Transporting a Female Employee for Criminal 
Sexual Conduct”. US Attorney’s Office, Southern District of Texas. US Department of Justice. April 
8, 2015. Retrieved March 25, 2022. 
 

27. Carfora, Anna, et al. "Long-term detection in hair of zolpidem, oxazepam and flunitrazepam in a 
case of drug-facilitated sexual assault." Journal of Analytical Toxicology 46.1 (2022): e16-e20. 
https://doi.org/10.1093/jat/bkaa174 

  
 

https://www.aafs.org/sites/default/files/media/documents/121_Std_e1.pdf
https://www.aafs.org/sites/default/files/media/documents/121_Std_e1.pdf
https://doi.org/10.1016/j.forsciint.2004.04.019
https://doi.org/10.1016/j.jchromb.2012.10.018
https://doi.org/10.1111/j.1472-8206.2006.00415.x
https://doi.org/10.1007/s11419-014-0260-7
https://doi.org/10.1093/jat/bkt035
https://www.justice.gov/usao-edla/file/834416/download
https://www.reuters.com/article/us-usa-nfl-sharper-idUSKBN0MJ1W320150324
https://www.reuters.com/article/us-usa-nfl-sharper-idUSKBN0MJ1W320150324
https://www.justice.gov/usao-edla/pr/darren-sharper-sentenced-drug-distribution-charges
https://www.justice.gov/usao-edla/pr/former-st-bernard-parish-deputy-pleads-guilty-darren-sharper-matter
https://www.justice.gov/usao-sdtx/pr/local-businessman-handed-maximum-sentence-transporting-female-employee-criminal-sexual
https://www.justice.gov/usao-sdtx/pr/local-businessman-handed-maximum-sentence-transporting-female-employee-criminal-sexual
https://doi.org/10.1093/jat/bkaa174

