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Dextromethorphan or DXM is an effective and harmless cough and cold suppressant available in many cold and cough preparations. At 

maximum dosage, it mimics hallucinogenic and psychoactive effects in human body and hence it is appealing for abuse. In this work, a 

detailed study of an antitussive agent i.e. Dextromethorphan which is a semi-synthetic opioid and a replacement of codeine and pholcodine 

in various cough linctuses has been described extensively. This review also revolves around the structured detailing of Dextromethorphan, 

its physical and chemical properties as well its pharmacokinetics in human body and also its effect on human brain and its relationship with 

NMDA receptors. This study also focuses on the emergence of Dextromethorphan as new drug of abuse due to its easy availability and as it 

possesses similar effects with LSD and other hallucinogens when taken in overdose in addition with the Toxicological analysis of 

Dextromethorphan from biological matrices using respective analytical methods.  
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INTRODUCTION  

Dextromethorphan or DXM is a type of cough suppressing drug which has been used widely for more than forty years. DXM 

(d-3-methoxymorphinan) is dextro-isomer form of levorphanol, in addition a codeine analogue and also a semi synthetic 

derivative of morphine. As it is obtained from levophenol which is a mu-opioid agonist, it doesn’t possess full extent of CNS 

effects routine to opioid agonists, and it also doesn’t produce classic opioid-like effects plus dependence. DXM also has some 

other uses too in medicine, varying from pain reliever to psychological applications. DXM is been sold in various forms like 

syrup, spray, tablet and lozenge forms. In its purest form, dextromethorphan materializes as white powder. Dextromethorphan 

or DXM is a type of semi-synthetic correspondent of codeine [1], it is widely used as cough suppressing agent among over-the-

counter (OTC) cold and cough medicines [2] and is believed to be effective and safe when administered at prescribed doses.  

Dextromethorphan is also referred to as “DXM” and is famous as “the poor man’s PCP’.  In year 2015, in United States of 

America, all the Over-The-Counter drugs containing DXM covered 85–90% of all drugs containing an antitussive that were 

sold in 235 million packages of   total [3]. There are several compounds that are active clinically classified as morphinans. At 

therapeutic dosage, dextromethorphan acts on the sigma receptors and activates its cough suppressing effects, whereas at high 

doses DXM is metabolized to dextrophan that is an active metabolite which is responsible for counteracting N - methyl-D-

aspartate receptors [4]. DXM is synthesized and may be found in over 140 over-the-counter cold and flu medications [5], [6]. 

Although dextromethorphan is similar in composition to other opioids, it has minimum connection with opioid receptors.  FDA 

granted approval for DXM before 3 December 1957. The IUPAC name of DXM is (1S, 9S, 10S)-4-methoxy-17-methyl-17-

azatetracyclo [7.5.3.0.0] heptadeca-2(7), 3, 5 triene. 

The cough suppressing effect of dextromethorphan is likely to be mediated by both the receptors i.e. NMDA and sigma-1 

receptors [7]. The chemical structure of DXM is alike to that of codeine. Until recently, DXM was classed as a synthetic opioid. 

It is because the sigma-1 receptor is now no longer counted as an opioid receptor [8]. When DXM is used at therapeutic dosage, 

cough and flu products containing DXM causes minor adverse effects if any [9].  The most common cause of adverse 

repercussions is DXM misuse. Dextromethorphan consists of a large range of pharmaco-dynamic effects as a result of its 

activity on many receptors and channels. Dextromethorphan’s popular effects of cough suppression are known to be the result 
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from its N-methyl-D-aspartate (NMDA) antagonism and stimulation of sigma-1 receptors (r1R) [10]. Synthesis of DXM is 

done from benzylisoquinoline using the process namely Grewe’s cyclization, which provides communication with morphinan 

possessing a 3-D structure. Also, Dextromethorphan is a serotonergic drug which has a potential threat of serotonin syndrome 

[11], [12], and it enhances the anesthetic action of morphine along with some other l-receptor agonists. At therapeutic dosages, 

DXM generates minimal antitussive and anesthetic effects and has been employed for the sake of relief from coughs caused by 

lesser viral diseases of upper respiratory tract or breathed in irritants and is found to be best for a enduring, but nonproductive 

cough. Non-prescribed cough syrups, like DXM have been widely proposed by many medical and pharmaceutical professionals.  

Although, the therapeutic administration of dextromethorphan in children has been a questionable work since [13] DXM was 

accepted by the U.S. FDA in 1958 as OTC cough syrups. Since year 1970, it has been disapproved from the U.S. Act of Drug 

Enforcement Administration (DEA) Controlled Substance. Concerns about misuse of DXM are not entirely new as misuse of 

dextromethorphan was first believed more than 30 years ago [14]. When Dextromethorphan's authorized dose regimen is 

outmatched for illicit usage, a slew of mental problems might emerge. The effects caused by DXM depends on the administered 

dosages and varies from placid motor and cognitive damage to PCP like parapsychotic symptoms such as dissociative states, 

paranoia, visual hallucinations and delusions. Combination of such symptoms may lead to abrupt violent acts, like suicides, 

homicides or assaults [15]. Even though Dextromethorphan has been employed as a OTC medicine since year 1958, only short 

time ago it has been believed as potential emerging drug of abuse, including its pleasure giving usages becoming more recurring 

& far-flung back from the time of 1990s [16]. 

 

ANTITUSSIVE PROPERTY OF DXM 

Unlike most symptoms, cough comes under the category of voluntary control and also is connected to a sensation of irritation 

in air passage and an urge to cough and this entangle clinical trials on cough [17],[18]. Dextromethorphan is used as an cough 

suppressant in cold and cough medicines (and, in high doses, it acts as a dissociative hallucinogen), whereas levomethorphan, 

a levorotatory enantiomer and a pro-drug of levorphanol, is an active opioid anesthetic and is categorized as a schedule II drug 

in the United States [19], [20], [21]. Dextromethorphan is chemically close to Codeine, and is accepted widely as an effective 

and safest antitussive agent which is non-narcotic [22]. It is a non-aggressive receptor antagonist of the N-methyl-d-aspartate 

(NMDA) type of excitatory amino acid receptors that are involved in neuronal development and migration. Its adequacy has 

been validated in both clinical cough [23] and also in experimental studies of cough challenge [24]. Capon et al [25] tried to 

establish variances in experimental cough constraint by DXM in normal people as function of CYP2D6 phenotype. However, 

the study was indecisive because of inadequate statistical power. Pholcodine, Codeine, and DXM are believed to contain 

specific constraint actions over the areas of cough control of the brainstem, while anti-histamines like diphenhydramine have a 

common sedating action and feasible anti-cholinergic functioning in the brain [26].  

 

STRUCTURE OF DEXTROMETHORPHAN 

DXM, also known as (3-methoxy-N-methylmorphinan), is the dextrorotatory [d- or (–)] enantiomer of levomethorphan [l- or 

()], and is the methyl ether compound of levorphanol and Dextrophan (3-hydroxy-Nmethylmorphinan) respectively [27]. DXM 

is named according to IUPAC rules as -3-methoxy-17-methyl-9a, 13a, and 14a-morphinan. Methorphan is found in two 

isomeric forms, each with a different pharmacology and effect based on its two enantiomers. Molecular weight of DXM is 

271.4 and is light yellowish to whitish in appearance. It doesn’t have any odor i.e. it is odorless. Melting Point of DXM is 

around 109 0C to 111 0C whereas it is insoluble in water practically but freely soluble in Chloroform. Therefore, 

dextromethorphan chemically is an derivative of opium alkaloid though pharmacologically, Because it does not act on opioid 

receptors, it is not classified as an opioid and thus does not have anesthetic properties., respiratory depression, and euphoriant 

effects, observed in case of codeine and morphine [28]. 



         Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 1 ¦ 2022 611 

 

 

 

Figure 1: Chemical Structure of DXM and its analogues [29] 

 

FATE OF DXM IN HUMAN BODY 

1) ABSORPTION 

Dextromethorphan is absorbed rapidly in the GIT (gastrointestinal tract) and metabolized in about 20 minutes. Dextrophan is 

absorbed completely inside the GIT (gastrointestinal tract) and ratio of DXM’s brain-to plasma measures from 25 to 500 [30]. 

Following absorption, DXM undergoes first-pass metabolism prior of being excreted via urine. The cytochrome P450 (CYP) 

2D6 system plays an important role in metabolizing drug with a half-life of round about 2 hours [31]. The 3-O methylated 

major metabolite of Dextromethorphan i.e. dextrophan touched its highest peak point of plasma concentration in around Two 

hours [32]. 

2) DISTRIBUTION 

DXM’s plasma protein binding is approximately 60–70% [33] and after oral administration, DXM achieves peak serum 

concentration in 2–3 hours, whereas DXO attains concentration of peak serum in 1.5–3 hours, regardless of whether it is a 

tablet, liquid, or an extended-release formulation [34]. DXO's lower liposolubility compared to DXM may contribute to lessen 

cerebral bioavailability and effect of anti-NMDA neuromodulatory. DXM, despite likely crossing the barrier of placenta 

because of its low molecular weight, has no teratogenic effect [35]. 

3) METABOLISM & EXCRETION 

Previous researches have revealed that dextromethorphan go through extensive and rapid hepatic metabolism & also the range 

of metabolism varies highly among the study’s subjects [32]. The chief metabolic routes are O- and N- Methylation prior to 

subsequent conjugation.  O-demethylation of DXM gives dextrophan whereas, dextromethorphan is N-demethylated to 3-

methoxymorphinan and N, O-demethylation of DXM produces 3-hydroxymorphinan [36] [37]. Previous research studies have 

demonstrated that the metabolic conversion of dextromethorphan into 3-hydroxymorphinan is not only done by N-

demethylation but also by O-demethylation of 3-methoxymorphinan [38]. DXM is rapidly and extensively O-demethylated by 

CYP2D6 to DXO; its primary active metabolite [39]. The plasma half-life of DXM is around two to four hours after 

administrating at therapeutic dose.  Half-life of dextrophan is 3–5 h [40]. The metabolites of dextromethorphan along with 

parent drug get excreted out via urine in conjugated and unconjugated forms [36].  
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EFFECTS OF DXM ON BRAIN 

Due to the possibility of interactions, certain drugs should not be administered with Dextromethorphan, including SSRIs 

monoamine oxidase inhibitors (MAOIs), and the CYP2D6 inhibitors amiodarone, CNS depressants and quinidine [41]. Various 

studies showed that dextromethorphan and its major metabolite which is dextrophan, act as disharmonious NMDA receptor 

antagonists having low affinity, and it also suppresses glutamate-induced excitotoxicity in the Central Nervous System and 

regions of spinal cord. This action mechanism of DXM is especially important while treating some conditions, like amyotrophic 

lateral sclerosis (ALS) or methotrexate neurotoxicity [42]. Even if it is not used widely today as analgesics, dextromethorphan 

and levorphanol previously were believed to be pharmacological alternatives of morphine for managing pain [43]. Furthermore, 

it was demonstrated that DXM alone would be sufficient to produce this antidepressant-like effect, without the need for 

converting it to the metabolite DXO [44]. Symptoms have been averred toxicity is very rare and scantly described in the 

literature. Typically toxicity is evident at serum bromide levels more than 50 to 100 mg/dL [45]. 

 

ABUSE OF DXM 

It is worth noting that DXM misuse is consonant with the fact that hallucinogen usage peaks around the age of 19 years and 

swiftly declines after that [46]. Dextromethorphan was approved for OTC sale by the FDA in 1958, and its abuse pattern was 

not noted at the time [47]. This might be because these subjects were not m-agonist opioid addicts, and other assessed outcomes 

focused on its ability to elicit liking or euphoria, as well as if it possessed morphine-like properties. Its misuse has been seen to 

be more persistent and pervasive, particularly since the mid-1990s, due to the ease and quick distribution of information made 

available by the internet [46]. Only 15 occurrences of fatal outcomes utilizing DXM have been reported to the manufacturer in 

the last 30 years, with only one referring to therapeutic dosages in concurrent treatment with antidepressants [48]. Such 

accessibility and "on demand" purchasing may unintentionally lead to its safety assumption [29]. Sometimes recreational users 

report zero obvious physical addiction or withdrawal symptoms. Those who regularly take dextromethorphan with the goal of 

abusing it report minor withdrawal symptoms similar to opiate withdrawal. However, there is the possibility of resistance to 

dextromethorphan, which must be conquered in order to produce the desired "high." Dextromethorphan's exhilaration has been 

characterized as a PCP-kind of bliss, which has contributed to the street term "poor man's ecstasy" [49]. Street names for DXM 

include “skittles,” “robos,” “rojos,” “velvet,” “CCC,” and “poor man’s PCP,” among others. Dextromethorphan intoxication is 

referred to as "robo-tripping," "skittling," and "dexing" in slang. Adolescents are the most likely to abuse dextromethorphan 

[50]. Dextromethorphan is most typically used orally as a recreational drug; however it can also be sniffed if taken in powdered 

form. DXM's desired effects are defined as early euphoria with less dextromethorphan consumption. Higher doses of 

dextromethorphan are used to treat vivid hallucinations and whole body analgesia. Complete dissociation is associated with 

higher amounts of DXM intake [51]. DXM can be used as recreational drug since it causes a psychotic symptoms experience 

or just an intoxicated effect at greater dosages [46]. 

 

TOXICOLOGICAL ANALYSIS, RESULTS AND FORENSIC SIGNIFICANCE 

DXM is not often considered in the toxicological testing of simple immunoassays. The increased blood concentrations of 

Dextromethorphan and Dextrophan, additionally the DSM-V psychiatric criteria, should be regarded in the diagnostic of a 

dissociative condition. Furthermore, because this analysis can fabricate false positive results for PCP, but also for opiates, 

confirmation and quantification using other specific techniques such as HPLC-MS (High Performance Liquid Chromatography 

coupled to mass spectrometry) and GC-MS (Gas Chromatography–Mass spectrometry), and less commonly electrophoresis, 

fluorimetry, ELISA, and spectrophotometry, are required. In addition, the usage of potentiometric sensors for dextromethorphan 

analysis has been examined [2] and various samples such as blood, oral fluid, and urine has been evaluated [52]. The 

International Association of Forensic Toxicologists' list of reference blood levels of dangerous and therapeutic compounds, as 

well as data from other comprehensive collections, report serum concentrations of 10–40 ng/mL [53].  Table- 1 represents the 

compiled data collected from various toxicological and analytical examinations carried out in last few years, studied and 

compiled by various authors. 
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Table 1 Details of various studies conducted on the analysis of cough syrups 

Biological 

matrices 

Extraction procedure Instrumentation Analytes concentration and detection limit Ref. 

Skeletal 

Remains (Rats) 

Samples extracted using 

Filtration-Pass through 

Extraction protocol followed 

by methanolic extraction 

protocol in basic medium. 

Ultra-Performance 

Liquid Chromatography 

quadrapole time-of-flight 

Mass Spectrometry 

(UPLC-qTOF-MS) 

Limit of detection = 1ng/mL [54] 

Blood Samples extracted using basic 

drug fractions, Liquid-Liquid 

& Liquid-Solid extraction 

protocols. 

Enzyme Multiplied 

Immunoassay Technique 

(EMIT) 

Toxic concentration of DXM - 0.15 -1.22 

mg/L, in combination with 

Chlorpheniramine. 

[15] 

Blood 
  

Toxic concentration of DXM- 0.19 -1.00 

mg/L, in combination with Ethanol. 

Heart Blood 
  

Lethal concentration of DXM - 3.23 mg/L, in 

combination with Cannabinoids. (17 years 

old) 

Heart Blood 
  

Lethal concentration of DXM - 1.89 mg/L, in 

combination with Diphenhydramine and 

Cannabinoids (19 years old) 

Iliac Blood 
  

Lethal concentration of DXM - 1.3 mg/L 

Vitreous Humor 
  

Lethal concentration of DXM - 0.7 mg/L 

Liver 
  

Lethal concentration of DXM - 19.0 mg/Kg 

Urine 
  

Lethal concentration of DXM - >20.0 mg/L 

Whole Blood Samples analyzed for 

Dextromethorphan (DXM) 

and its metabolite 

Dextrophan (DXO) and 

Terfenadine using Liquid-

Liquid extraction in basic 

medium using Methanol as 

solvent. 

Modified capillary Gas 

Chromatography coupled 

with Mass 

Spectrophotometer (GC-

MS) 

Lethal Concentration of DXM -5.09mg/L                        

Lethal Concentration of DXO -1.40mg/L                                  

(22 years old, female) 

[55] 

Urine 
  

Lethal Concentration of DXM -3.29mg/L                        

Lethal Concentration of DXO -3.09mg/L                                  

(22 years old, female) 
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Bile 
  

Lethal Concentration of DXM -3.48mg/L                        

Lethal Concentration of DXO -1.86mg/L                                  

(22 years old, female) 

Liver 
  

Lethal Concentration of DXM -10.74mg/L                        

Lethal Concentration of DXO -4.81mg/L                                  

(22 years old, female) 

Heart 
  

Lethal Concentration of DXM -2.38mg/L                        

Lethal Concentration of DXO -1.72mg/L                                  

(22 years old, female) 

Kidney 
  

Lethal Concentration of DXM -4.27mg/L                        

Lethal Concentration of DXO -2.09mg/L                                  

(22 years old, female) 

Brain 
  

Lethal Concentration of DXM -3.47mg/L                        

Lethal Concentration of DXO -1.58mg/L                                  

(22 years old, female) 

Femoral Vein 

Blood 

Samples extracted in basic 

medium using Liquid-Liquid 

Solvent Extraction protocol 

by Chloroform. 

GC-MS fused with Silica 

Capillary column and 

Nitrogen-Phosphorus 

sensitive detector 

Lethal Concentration of DXM -9.2mg/g                        

Lethal Concentration of DXO -2.9mg/g                                 

(18 years old, female)                                                         

Lethal Concentration of DXM -3.3mg/g                        

Lethal Concentration of DXO -1.5mg/g                                  

(27 years old, male) 

[56] 

Liver 
  

Lethal Concentration of DXM -31.2mg/g                        

Lethal Concentration of DXO -11.5mg/g                                  

(18 years old, female)                                                         

Lethal Concentration of DXM -23.0mg/g                        

Lethal Concentration of DXO -29.2mg/g                                  

(27 years old, male) 

Blood Samples extracted using 

Liquid-Liquid solvent 

extraction protocol in basic 

pH medium with NaOH and 

was extracted 3 times with 

ethyl acetate 

Gas Chromatography 

thermionic specific 

detection and GC-MS 

Lethal Concentration of DXM -31.2mg/L in 

combination with Zipeprol                                                        

(21 years old, Male) 

[57] 

   
Lethal Concentration of DXM -1.2mg/L in 

combination with Zipeprol                                                        

(20 years old, Male) 
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Lethal Concentration of DXM -4.1mg/L in 

combination with Zipeprol                                                        

(19 years old, female) 
   

Lethal Concentration of DXM -1.8mg/L in 

combination with Zipeprol                                                        

(21 years old, female) 
   

Lethal Concentration of DXM -1.4mg/L in 

combination with Zipeprol                                                        

(19 years old, female) 
   

Lethal Concentration of DXM -1.8mg/L in 

combination with Zipeprol                                                        

(29 years old, female) 
   

Lethal Concentration of DXM -18.3mg/L in 

combination with Zipeprol                                                        

(22 years old, female) 
   

Lethal Concentration of DXM -2.9mg/L in 

combination with Zipeprol                                                        

(21 years old, male) 
   

Lethal Concentration of DXM -1.1mg/L in 

combination with Zipeprol                                                        

(22 years old, male) 

Gastric contents 
  

Lethal Concentration of DXM -25.5mg/L in 

combination with Zipeprol                                                        

(21 years old, Male) 
   

Lethal Concentration of DXM -243.7mg/L in 

combination with Zipeprol                                                        

(20 years old, Male) 
   

Lethal Concentration of DXM -NA in 

combination with Zipeprol                                                        

(19 years old, female) 
   

Lethal Concentration of DXM -2.1mg/L in 

combination with Zipeprol                                                        

(21 years old, female) 
   

Lethal Concentration of DXM -3.4mg/L in 

combination with Zipeprol                                                        

(19 years old, female) 
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Lethal Concentration of DXM -15.0mg/L in 

combination with Zipeprol                                                        

(29 years old, female) 
   

Lethal Concentration of DXM -NA in 

combination with Zipeprol                                                        

(22 years old, female) 
   

Lethal Concentration of DXM -NA in 

combination with Zipeprol                                                        

(21 years old, male) 
   

Lethal Concentration of DXM -NA in 

combination with Zipeprol                                                        

(22 years old, male) 

Blood from 

peripheral area 

Samples analyzed for the 

presence of alcohol and other 

volatile drugs. For this 

samples were extracted using 

acidic and basic Liquid-

Liquid solvent extraction 

protocol. 

Gas Chromatography, 

Enzyme Multipled 

Immunoassay Technique 

(EMIT) And GC-MS 

Lethal Concentration of DXM -4.74mg/L                    

(31 years old, Male) 

[58] 

Blood 
  

Toxic Concentration of DXM -0.3mg/L                    

(23 years old, Male) 

Blood 
  

Toxic Concentration of DXM -1.05mg/L in 

combination with Chlorpheniramine and Nor-

9-Carboxy-Δ-TetraHydroCannabinoid                                                               

(18 years old, Male) 

Blood from 

peripheral area 

  
Toxic Concentration of DXM -2.42mg/L in 

combination with pseudoephedrine, 

Chlorpheniramine, Sertraline, Caffeine, 

Cannabinoid and Desmethylsertraline                    

(18 years old, Male) 

Blood from 

peripheral area 

  
Lethal Concentration of DXM -19.5mg/L in 

combination with Chlorpheniramine.                    

(13 years old, Male) 

Blood Samples extracted using 

Liquid-Liquid Solvent 

Extraction Protocol in basic 

medium. 

Enzyme Multiplied 

Immunoassay Technique 

(EMIT), Thin Layer 

Chromatography (TLC) 

and GC-HS 

Lethal Concentration of DXM -0.5mg/Kg in 

combination with  pseudoephedrine  and                                                 

Brompheniramine  (Infant, 2months) 

[59] 
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Liver 
  

Lethal Concentration of DXM -0.57mg/Kg in 

combination with  pseudoephedrine  and                                                 

Brompheniramine  (Infant, 2months) 

Blood collected 

from cavity 

Collected samples from the 

subjects extracted using 

Liquid-Liquid Solvent 

Extraction in basic medium. 

GC-MS Toxic concentration of DXM -0.55mg/L [60] 

Brain 
  

Toxic concentration of DXM -1.33mg/Kg 

Liver 
  

Toxic concentration of DXM -0.90mg/Kg in 

combination with  Pseudoephedrine, 

Ephedrine, , Ethanol                                          and 

Acetaminophen (8 months old) 

Urine 
  

Toxic concentration of DXM -2.9mg/L in 

combination with  Pseudoephedrine, 

Ephedrine, , Ethanol                                          and 

Acetaminophen (12 months old) 

Liver 
  

Lethal concentration of DXM -0.29mg/Kg in 

combination in combination with Ephedrine, 

Pseudoephedrine, Acetaminophen. 

Blood collected 

from heart 

  
Lethal concentration of DXM -0.04mg/L 

Blood collected 

from heart 

  
Toxic concentration of DXM -0.03mg/L in 

combination with Ephedrine, 

Pseudoephedrine, Acetaminophen.                                                                  

(3 months old) 

Blood collected 

from cavity 

  
Lethal concentration of DXM -0.09mg/L 

Liver 
  

Lethal concentration of DXM -0.55mg/Kg in 

combination with Ephedrine, 

Pseudoephedrine, Acetaminophen.                                                                  

(5 months old) 

Peripheral Blood Samples extracted using 

Liquid-Liquid Extraction 

Protocol for acidic and basic 

drugs. 

HPLC All of the individuals tested positive for 

opiates, 8 tested positive for cannabis, and 2 

tested positive for benzodiazepine. One 

subject's gastric contents included 1.1gm/dL 

ethanol.(18-45 years old, 30 fatal cases) 

[61] 
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Contents  of 

Liver gastric 

  
Concentration of DXM -4.22 to 92.06mg/Kg             

Concentration of DXM -9.9 to 349.6mg/L                  

(17-45 years old, 7 fatal cases) 

Plasma and 

Urine 

Using a convenient solvent 

extraction procedure DXM 

along with its respective 

metabolites was separated out 

from the given matrices. 
 

Cyano Column HPLC 

and Fluorescence 

Detector 

LOD for 3 Hydroxymorphinan and 3-

monoxymorphinan -0.5ng/mL                                       

LOD for DXM and DXO -1ng/mL 

[62] 

Urine  

 

 

 

Sample of urine was added 

with 50µL Methanol solution 

and Lidocaine was used as 

internal standard. The pH of 

the medium was made basic 

by adding 6N NaOH (pH=11) 

GC-MS and TLC DXM -7.57mg/mL; DXO -3.12mg/mL                                

(34 years old, Male) 

[55] 

   
DXM -1.47mg/mL; DXO -1.66mg/mL                                

(30 years old, Female) 
   

DXM -1.88mg/mL; DXO -0.68mg/mL                                

(30 years old, Male) 
   

DXM -6.82mg/mL; DXO -16.67mg/mL                                

(53 years old, Male) 
   

DXM -4.43mg/mL; DXO -23.75mg/mL                                

(35 years old, Male) 
   

DXM -16.44mg/mL; DXO -13.48mg/mL                                

(30 years old, Male) 
   

DXM -9.79mg/mL; DXO -7.12mg/mL                                

(30 years old, Male) 
   

DXM -0.17mg/mL; DXO -0.41mg/mL                                

(34 years old, Male) 
   

DXM -0.16mg/mL; DXO -1.12mg/mL                                

(43 years old, Male) 
   

DXM -3.49mg/mL; DXO -1.37mg/mL                                

(40 years old, Male) 
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Postmortem 

Blood 

Samples from 19 deceased 

subjects were collected and 

extracted using Chloroform 

in basic medium. The organic 

layer was separated out, dried 

and reconstituted with 100mL 

of Methanol 

GC Coupled to inert Mass 

Selective Detector 

(MSD) with an inert 

source operating in 

Electron impact mode for 

Qualitative Analysis and 

RP-HPLC Method for 

Quantification. 

LOD -0.50µg/mL and 1.5µg/mL                                       

Concentration of DXM -7.3mg/L to 41.7 

mg/L           (n= 19 specimens of postmortem 

blood along with Chlorpheniramine) 

 

[63] 

 

CONCLUSION 

DXM is widely accessible, appearing in over hundreds of prescription and non-prescription cough and cold treatments, and it 

is widely renowned for its efficacy and safety at therapeutic dosages. Because dextromethorphan misuse is largely committed 

by adolescents, prompt treatment of dextromethorphan addiction is an essential component of avoiding broader drug abuse 

among these adolescents. It is critical that the general public is aware of this fact and that medical practitioners are capable of 

recognizing, treating, referring, and educating persons who exhibit problematic usage or who arrive inebriated from this 

growing substance of abuse. When DXM’s intoxication occurs, the effects on the CNS are dominating, with additional 

significant symptoms such as tachycardia, nausea, hypertension, and vomiting arising. In addition, these patients should be 

evaluated for intoxication from other medicines that may have been co-ingested with DXM, like acetaminophen or 

antihistamines.  Dextromethorphan is affordable, widely discussed among youngsters on a number of internet sites, widely 

considered as safe, and widely available through a variety of marketing channels. All of these elements contribute to the 

perception of dextromethorphan's assumed safety, strengthening its status as a novel and growing drug of abuse. As 

dextromethorphan becomes a new drug of abuse among the young generation, it is critical that the people be aware of this trend 

and that clinical and substance addiction experts recognize, cure, refer, and educate people at risk of dextromethorphan overuse. 

When all of these issues are considered together, they contribute to a variability in DXM toxicological and clinical aspects, and 

a better understanding of these may help demarcate strategic usage of this drug, contemplating its potential applications, 

allowing for a more efficient and safe use of Dextromethorphan. DXM’s misuse is a potential future social concern, and the 

provision of DXM OTC to everyone age groups must be reconsidered. 

 

REFERENCES 
 

1. Aumatell A, Wells RJ. 1993. Chiral differentiation of the optical isomers of racemethorphan and racemorphan in urine by capillary zone electrophoresis. 

J Chromatogr Sci. 31(12):502–508.  

2. El-Naby EH, Kamel AH. 2015. Potential transducers based man-tailored biomimetic sensors for selective recognition of dextromethorphan as an 

antitussive drug. Mater Sci Eng C. 54:217–224.  

3. Spangler DC, Loyd CM, Skor EE. 2016. Dextromethorphan: a case study on addressing abuse of a safe and effective drug. Subst Abuse Treat Prev 

Policy. 11(1):22. 

4. Ramachander G, Williams FD, Emele JF. Determination of dextrophan in plasma and evaluation of bioavailability of dextromethorphan hydrobromide 

in humans. J Pharm Sci. 1977;66:1047-1048.).   

5. Schwartz RH. Adolescent abuse of dextromethorphan. Clin Pediatr (Phila) 2005; 44(7):565–568a. 

6. Miller SC. Dextromethorphan psychosis, dependence and physical withdrawal. Addict Biol.2005;10(4):325–327a 

7. Canning BJ. Central regulation of the cough reflex: therapeutic implications. PulmPharmacolTher 2009;22(2):75–81. 

8. Chou YC, Liao JF, Chang WY, et al. Binding of dimemorfan to sigma-1-receptor and its anticonvulsant and locomotor effects in mice, compared with 

dextromethorphan and dextrophan. Brain Res 1999;821(2): 516–519. 

9. Banerji S, Anderson IB. Abuse of Coricidin HBP cough & cold tablets: episodes recorded by apoison center. Am J Health Syst Pharm. 2001;58(19):1811–

1814. 

10. Brown GR, McLaughlin K, Vaughn K. 2018. Identifying and treating patients with synthetic psychoactive drug intoxication. J Am Acad PAs. 31:1–5 

11. Chyka PA, Erdman AR, Manoguerra AS, Christianson G, Booze LL, Nelson LS, Woolf AD, Cobaugh DJ, Caravati EM, Scharman EJ, et al. 2007. 

Dextromethorphan poisoning: an evidence-based consensus guideline for out-of-hospital management. Clin Toxicol. 45(6):662–677. 

12. Dilich A, Girgis C. 2017. Robo-tripping: a case of robitussin abuse in a methadone maintenance patient. Psychosomatics. 58(5):544–550. 

13. Committee on Drugs. 1997. Use of codeine and dextromethorphan-containing cough remedies in children. Am. Acad. Pediatr. 99: 918–920. 

14. McCarthy, J.P. 1971. Some less familiar drugs of abuse. Med. J. Aust. 21: 1078–1081. 

15. Logan BK et al. Dextromethorphan abuse leading to assault, suicide, or homicide. J Forensic Sci.2012 ; 57(5):1388–1394. 

16. Banken JA, Foster H. 2008. Dextromethorphan: an emerging drug of abuse. Ann N Y Acad Sci. 1139(1):402–411. 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 6 ¦ 2022 620 

 

 

17. De Blasio, F., Dicpinigaitis, P. V., Rubin, B. K., De Danieli, G., Lanata, L., &Zanasi, A. (2012). An observational study on cough in children: 

epidemiology, impact on quality of sleep and treatment outcome. Cough (London, England), 8(1), 1. https://doi.org/10.1186/1745-9974-8-1. 

18. Lee, P., Cotterill-Jones, C., Eccles, R., 2002. Voluntary control of cough. Pulm. Pharmacol. Ther. 15, 317–320. 

19. Wong SHY, Sunshine I. 1996. Handbook of analytical therapeutic drug monitoring and toxicology. New York: Taylor & Francis. 

20. Bortolotti F, Bertaso A, Gottardo R, Musile G, Tagliaro F. 2013. Dextromethorphan/levomethorphan issues in a case of opiate overdose. Drug Test Anal. 

5(9–10):781–784. 

21. Gudin J, Fudin J, Nalamachu S. 2016. Levorphanol use: past, present and future. Postgrad Med. 128(1):46–53. 

22. Jaffe JH, Martin WR. Opioid agonists and antagonists. In: Gilman AG, Rall TW, Nies AS, Taylor P, editors. Goodman and Gilman’s The 

Pharmacological Basis of Therapeutics. 6. Pergamon Press; New York: 1990. p. 1843. chapter 22. 

23. Cass LJ, Frederik WS. Evaluation of a new antitussive agent. N Engl J Med. 1953;249:132–136. 

24. Grattan TJ, Marshall AE, Higgins KS, Morice AH. The effect of inhaled and oral dextromethorphan on citric acid induced cough in man. Br J Clin 

Pharmacol. 

25. Capon DA, Bochner F, Kerry N, Mikus G, Danz C, Somogyi AA. 1996. The influence of CYP2D6 polymorphism and quinidine on the disposition and 

antitussive effect of dextromethorphan in humans. Clin PharmacolTher. 60(3): 295–307. 

26. Alyn H. Morice, Eva Millqvist, Maria G. Belvisi, Kristina Bieksiene, Surinder S. Birring, Kian Fan Chung, Roberto W. Dal Negro, Peter Dicpinigaitis, 

Ahmad Kantar, Lorcan P. McGarvey, Adalberto Pacheco, Raimundas Sakalauskas, Jaclyn A. Smith European Respiratory Journal Nov 2014, 44 (5) 

1132-1148; DOI: 10.1183/09031936.00218613. 

27. Sromek AW, Provencher BA, Russell S, Chartoff E, Knapp BI, Bidlack JM, Neumeyer JL. 2014. Preliminary pharmacological evaluation of enantiomeric 

morphinans. ACS Chem Neurosci. 5(2):93–99. 

28. Pechnick RN, Poland RE. 2004. Comparison of the effects of dextromethorphan, dextrophan, and levorphanol on the hypothalamo-pituitary-adrenal axis. 

J Pharmacol Exp Ther. 309(2):515–522. 

29. Silva, A. R., & Dinis-Oliveira, R. J. (2020). Pharmacokinetics and pharmacodynamics of dextromethorphan: clinical and forensic aspects. Drug 

Metabolism Reviews, 52(2), 258–282. https://doi.org/10.1080/03602532.2020.1758712 

30. Collins SR. 2018. Mosby’s drug reference for health professions. St. Louis: Elsevier, Inc.). (Wolfe TR, Caravati EM. 1995. Massive dextromethorphan 

ingestion and abuse. Am J Emerg Med. 13(2):174–176. 

31. Silvasti M, Krattunen P, Tukiannen H. Pharmacokinetics of dextromethorphan and dextrophan: a single dose comparison of three preparations in human 

volunteers. Int J Clin PharmacolTher. 1987;9:493–7. 

32. G. Pfaff, P. Briegel, I. Lamprecht, Inter-individual variation in the metabolism of dextromethorphan, International Journal of Pharmaceutics, Volume 

14, Issues 2–3, 1983, Pages 173-189, ISSN 0378-5173, https://doi.org/10.1016/0378-5173(83)90092-3). 

33. Taylor CP, Traynelis SF, Siffert J, Pope LE, Matsumoto RR. 2016. Pharmacology of dextromethorphan: relevance to dextromethorphan/quinidine 

(Nuedexta(R)) clinical use. PharmacolTher. 164:170–182. 

34. Chyka PA, Erdman AR, Manoguerra AS, Christianson G, Booze LL, Nelson LS, Woolf AD, Cobaugh DJ, Caravati EM, Scharman EJ, et al. 2007. 

Dextromethorphan poisoning: an evidence-based consensus guideline for out-of-hospital management. Clin Toxicol. 45(6):662–677. 

35. Steinberg GK, Kunis D, DeLaPaz R, Poljak A. 1993. Neuroprotection following focal cerebral ischaemia with the NMDA antagonist dextromethorphan 

has a favourable dose response profile. Neurol Res. 15(3):174–180. 

36. Romanelli F, Smith KM. 2009. Dextromethorphan abuse: clinical effects and management. J Am Pharm Assoc. 49(2): e20–e25. 

37. East, T., & Dye, D.M. (1985). Determination of dextromethorphan and metabolites in human plasma and urine by high-performance liquid 

chromatography with fluorescence detection. Journal of chromatography, 338 1, 99-112. 

38. Norton P. Peet, N-demethylation of dextromethorphan, Journal of Pharmaceutical Sciences, Volume 69, Issue 12, 1980, Pages 1447-1448 ISSN 0022-

3549, https://doi.org/10.1002/jps.2600691229. 

39. Zhou H, Meibohm B. 2013. Drug–drug interactions for therapeutic biologics. New York: John Wiley & Sons Inc. 

40. J.M. Marraffa, Dextromethorphan, Editor(s): Philip Wexler, Encyclopedia of Toxicology (Third Edition), Academic Press, 2014, Pages 45-46, ISBN 

9780123864550, https://doi.org/10.1016/B978-0-12-386454-3.00722-3. 

41. Kanaan M, Daali Y, Dayer P, Desmeules J. 2008. Lack of interaction of the NMDA receptor antagonists dextromethorphan and dextrorphan with P-

glycoprotein. Curr Drug Metab. 9(2):144–151. 

42. Drachtman RA, Cole PD, Golden CB, Jill James S, Melnyk S, Aisner J, Kamen B (2002) Dextromethorphan is effective in the treatment of subacute 

methotrexate neurotoxicity. PediatrHematol Oncol 19: 319-327. 

43. Weinbroum AA, Bender B, Bickels J, Nirkin A, Marouani N, Chazam S, Meller I, Kollender Y (2003) Preoperative and postoperative dextromethorphan 

provides sustained reduction in postoperative pain and patient-controlled epidural analgesia requirement: A randomized, placebo-controlled, double-

blind study in lower-body bone malignancy-operated patients. Cancer 97:2334-2340. 

44. Nguyen L, Robson MJ, Healy JR, Scandinaro AL, Matsumoto RR. 2014. Involvement of sigma-1 receptors in the antidepressant- like effects of 

dextromethorphan. PLoS One. 9(2):e89985. 

45. Wolfe TR, Caravati EM. Massive dextromethorphan ingestion and abuse. Am J Emerg Med. 1995;13:174–6. 

46. Karch SB, Drummer OH. 2016. Karch’s pathology of drug abuse. Boca Raton: CRC Press, Taylor & Francis Group. 

47. Kaplan B, Buchanan J, Krantz MJ. 2011. QTc prolongation due to dextromethorphan. Int J Cardiol. 148(3):363–364. 

48. Bem JL, Peck R. 1992. Dextromethorphan. An overview of safety issues. Drug Saf. 7(3):190–199. 

49. CESAR website. www.Cesar.umd.edu/cesar/drugs/ Dextromethorphan.asp. Accessed February 12, 2008. 

50. Bryner, J.K., U.K. Wang, et al. 2006. Dextromethorphan abuse in adolescence: an increasing trend: 1999–2004. Arch. Pediatr. Adolesc. Med. 160: 1217– 

1222. 

51. The Vaults of Erowid. [The Vaults of Erowid Web site.] http//:www.erowid.org/chemicals/dxm. Accessed Feb 18, 2008. 

52. Rodrigues WC, Wang G, Moore C, Agrawal A, Vincent MJ, Soares JR. 2008. Development and validation of ELISA and GC–MS procedures for the 

quantification of dextromethorphan and its main metabolite dextrorphan in urine and oral fluid. J Anal Toxicol. 32(3):220–226. 

53. Schulz M, Iwersen-Bergmann S, Andresen H, Schmoldt A. 2012. Therapeutic and toxic blood concentrations of nearly 1,000 drugs and other xenobiotics. 

Crit Care. 16(4): R136. 

54. Cornthwaite, H. M., Labine, L., & Watterson, J. H. (2017). Semi-quantitative analysis of tramadol, dextromethorphan, and metabolites in decomposed 

skeletal tissues by ultra performance liquid chromatography quadrupole time of flight mass spectrometry. Drug Testing and Analysis, 10(6), 961–967. 

https://doi.org/10.1002/dta.2327. 

55. Kintz, P., & Mangin, P. (1992). Toxicological findings in a death involving dextromethorphan and terfenadine. The American journal of forensic 

medicine and pathology, 13(4), 351–352. https://doi.org/10.1097/00000433-199212000-00018. 

56. Lennart Rammer, Per Holmgren, Håkan Sandler,Fatal intoxication by dextromethorphan: A report on two cases, Forensic Science International, Volume 

37, Issue 4, 1988, Pages 233-236, ISSN 0379-0738, https://doi.org/10.1016/0379-0738(88)90230-7. 

57. Yoo Y, Chung H, Kim E, Kim M. 1996. Fatal zipeprol and dextromethorphan poisonings in Korea. J Anal Toxicol. 20(3): 155–158. 



         Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 1 ¦ 2022 621 

 

 

58. Logan BK, Goldfogel G, Hamilton R, Kuhlman J. 2009. Five deaths resulting from abuse of dextromethorphan sold over the internet. J Anal Toxicol. 

33(2):99–103. 

59. Boland DM, Rein J, Lew EO, Hearn WL. 2003. Fatal cold medication intoxication in an infant. J Anal Toxicol. 27(7): 523–526. 

60. Marinetti L, Lehman L, Casto B, Harshbarger K, Kubiczek P, Davis J. 2005. Over-the-counter cold medications—postmortem findings in infants and 

the relationship to cause of death. J Anal Toxicol. 29(7):738–743. 

61. Shafi H, Imran M, Usman HF, Sarwar M, Tahir MA, Naveed R, Ashiq MZ, Tahir AM. 2016. Deaths due to abuse of dextromethorphan sold over-the-

counter in Pakistan. Egypt J Forensic Sci. 6(3):280–283. 

62. Chen, Z. R., Somogyi, A. A., & Bochner, F. (1990). Simultaneous determination of dextromethorphan and three metabolites in plasma and urine using 

high-performance liquid chromatography with application to their disposition in man. Therapeutic drug monitoring, 12(1), 97–104. 
https://doi.org/10.1097/00007691-199001000-00018 

63. Ud Din, N., H, S., M, I., M, S., MA, T., & S, K. (2018). Validated Reversed-Phase Liquid Chromatographic Method for Simultaneous Determination of 

Dextromethorphan and Chlorpheniramine in Non-biological and Biological Matrices Using PDA Detector. Pharmaceutica Analytica Acta, 09(07). 
https://doi.org/10.4172/2153-2435.1000590 


