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ABSTRACT 
Cytochrome P4502D6 (CYP2D6) shows genetic 
polymorphism, which is clinically important in the 
metabolism of drugs and other xenobiotics. 
Dextrometorphan (DM) has been used as a test 
compound to evaluate the in vivo activity of CYP2D6. 
Phenotypical frequencies of CYP2D6 have been 
determined in some populations, but little is known 
about them in native populations. The object of this 
study was to characterize the phenotypical 
expression of CYP2D6 in Amerindian subjects of 
Tepehuano origin from the State of Durango, using 
DM as metabolic marker, as well as the effect of age, 
sex and nutritional status on this activity. Three hr 
after oral administration of a single 30 mg dose of 
DM, the plasma concentration of DM and its 
metabolite dextrophan (DX) were determined with 
HPLC in 55 Tepehuano subjects. All subjects were 
extensive metabolizers (metabolic ratio MR <0.3). No 
correlation of age, sex or nutritional status was found 
with the DM/DX metabolic ratio. However, we found a 
monoexponential relationship between the metabolic 
ratio of DM and DX, and their concentrations 
respectively, which can have clinical applications, 
since metabolic ratio can be predicted from a known 
DM or DX concentration.  Three hr after ingestion of 
DM, 18 individuals showed DM plasma 
concentrations of 5 to 10 ng/mL, 15 subjects of 11 to 
20 ng/mL, 8 subjects of 21 to 50 ng/mL and 14 
subjects > 51 ng/mL pointing out that DM 
concentrations and MR must be determined to 
establish toxicity risk levels. 

INTRODUCTION 
Interethnic and interindividual differences in the 
activity of many drug-metabolizing enzymes involved 
in phases I and II are becoming increasingly evident 
[1,2].  Cytochrome P450 (CYP) consists of multiple 
isoenzymes that are structurally and functionally 
different [3], among which CYP2D6 has been amply 
studied [4,5]. To this date, more than 70 different 
alleles have been identified for the CYP2D6 gene, 
which are responsible for the varied enzymatic 
activity of this isoform.  The clinical significance of this 
enzyme’s genetic polymorphism has become 
apparent since it participates in the metabolism of  

 
approximately 20%of the drugs used in clinical 
practice, some of which have a very short therapeutic 
interval such as antiarrhythmic, antidepressive and 
neuroleptic drugs [6-8]. 

Most individuals are capable of metabolizing CYP2D6 
substrates rapidly (extensive metabolizers, EMs), 
while 7 to 10% of Caucasians produce a non-
functional enzyme (poor metabolizers, PMs). A small 
percentage are intermediate metabolizers, (IMs) or 
are ultrarapid metabolizers (UMs), resulting from 
multiple copies of the CYP2D6 gene.  

Figure 1.  Histogram of the log10 DM/DX ratio (EMs) in 
Amerindians of Tepehuano origin. The EMs of the studied 
subjects correspond to the EM phenotype, according to the 
frequency histogram by Otton et al. [29].  UM: Ultrametabolizer; 
EM: Extensive metabolizer; IM: Intermediate metabolizer; PM: 
Poor metabolizer 

Before the use of genetic tests to classify individuals 
as PMs or EMs as an expression of CYP2D6 activity, 
pharmacological tests had been developed using 
drugs that are CYP2D6 substrates, such as 
dextrometorphan (DM) [9]. This antitussive is mainly 
metabolized by CYP2D6 to dextrophan (DX) [10-12], 
which is excreted in urine as a glucuronide. MR of 
DM and DX (DM/DX) after a standardized dose is a 
reliable measure of CYP2D6 functional activity [13].  

Although individual metabolic capacity is mainly 
determined by the genetic background, several 
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internal and environmental factors may influence CYP 
enzyme activity, such as age, sex, some liver 
diseases, nutritional status and alcohol or tobacco 
consumption [14-17].  Some studies suggest that in 
malnourished individuals, the oxidative pathway 
corresponding to phase I reactions may be 
significantly damaged [18,19]. 

Mean, S Standard deviation, S2 Variance, nº. Number of subjects, 
BMI Body mass index, *p<0.05 

In Mexico, no data on the phenotypic expression of 
CYP2D6 among the Amerindian population are 
known. Some Amerindian populations have been 
studied, such as the Cuna, Embera and Ngabwe 
Amerindians of Panama and Colombia, which 
showed a frequency of the PMs phenotype of 0, 2.2 
and 5.2% respectively [20-22]. In Hispanics of 
Mestizo origin, data are also very limited. Recently, a 
pharmacogenetic study of 380 Mexican Americans 
from Los Angeles, California, showed a frequency of 
PMs of ~3.2% below the 4.5% reported in a small 
study of 22 Mexican Americans from Texas [23]. 

The aim of the present study was to characterize the 
phenotypic expression of CYP2D6 and to determine 
the effect of age, sex and nutritional status in 
Tepehuano Amerindians from the State of Durango, 
Mexico. 
MATERIAL AND METHODS   
Studied subjects 
Fifty-five Amerindians of Tepehuano origin from the municipality 
of Mezquital; State of Durango, Mexico were studied. The study 
sample included 32 women and 23 men of ages between 16 and 
65, mean height (±S.D.) was 1.55 ± 0.041m for women and 1.64 
± 0.08m for men. The body mass index was determined for both 

groups, and individuals were grouped, according to the World 
Health Organization (WHO) into adequate weight, overweight and 
low weight subjects. A written informed consent was requested 
per individual in their language, once the object of the study and 
the possible side-effects of drug administration had been 
explained. The present work was approved by the Ethics and 
Research Committee of the Durango General Hospital of the 
Mexican Health Ministry. Each individual was interviewed by 
written questionnaire, the clinical and pharmacological history 
were compiled, nutritional habits, smoking, alcoholism and 
medicinal plant consumption were registered. 
Renal and liver function tests were performed and a biochemical 
profile compiled of each volunteer. Non-related individuals were 
included in the study that had not been exposed to 
pharmacological treatment for 3 weeks before the study, and did 
not consume drugs of abuse or alcohol. Subjects who requested 
it, or took prescription drugs, alcohol or food some hours before 
the study were eliminated. 
Phenotyping 
The studied subjects consumed no food 12 hr before and 3 hr 
after drug administration. Each individual received a single oral 
dose of 30 mg DM (Romilar, Roche Laboratories, presentation 15 
mg/mL). After 3 hr, 5 mL blood samples were taken with a 
vacutainer, the sample was centrifuged, and plasma separated 
and stored at -70ºC until analyzed. 
Analytic procedure 
Before processing, biological samples were incubated for 18 hr at 
37ºC with 3,000 U of β-glucuronidase (ICN Biomedics INC). DM 
and DX plasma concentrations were determined with the HPLC 
analytical technique reported by Yoa-Pu Hu et al. [24], modified 
according to the working conditions at our laboratory. Linearity 
was assessed in the range of 1 - 300 ng/mL for dextrometorphan 
and dextrorphan. Calibration curves were derived from injections 
of five concentrations of dextrometorphan and dextrorphan (1.0, 
25.0, 50.0, 100.0 and 300.0 ng/ mL). The inter- and intra-day 
coefficients of variation were <10 %. The limits of detection were 
1.0 ng/mL. Mean recovery values were of 91-106%, with variation 
coefficient less than 5 %. 
Statistical analysis 
A descriptive analysis of the studied variables was performed, as 
well as comparative tests by ANOVA, Student’s t and Mann 
Whitney tests, and product moment correlation coefficient [25], 
with the statistical package SPSS [26].  

RESULTS 
Studied subjects were clinically healthy with normal 
kidney and liver function. Figure 1 depicts the 
log10MR distribution histogram for Amerindians. A 
negative symmetric distribution is evident with a 
median value of -1.9547 and variation range of -
2.8619 to -1.6180. It is clear that the MR of the 
studied subjects corresponds to the EMs phenotype. 

Table I shows the demographic data of the studied 
subjects. The mean age (± S.D.) was 28.78 ± 14.67 
years in men vs. 31.16 ± 14.97 years in women. Body 
weight was showed no difference between male and 
female subjects with a mean value (± S.D.) of 59.51 ± 
8.91 kg and 55.20 ± 9.24 kg, respectively. Mean 
height was 1.55 ± 0.04 m for women and 1.64 ± 0.08 

Table I.  Demographics of study participants. 
Biological Variables Males Females 

Age (years)   
Mean =   28.78  31.16 

S =   14.67  14.97 
S2 = 215.09 224.20 
n = 23 32 

Weight (kg)   
Mean =  59.51 55.20 

S =    8.91   9.24 
S2 = 79.38 85.40 
n = 23 32 

Height (m)   
Mean =   1.64*  1.55* 

S = 0.08 0.04 
S2 = 0.01 0.00 
n = 23 32 
BMI   

Mean = 22.19  22.95 
S =    2.92    3.71 
S2 =    8.50 13.77 
n = 23 32 
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m for men, the difference being statistically 
significant. However, the body mass index (BMI) was 
similar in both groups, the mean (± S.D.) for women 
being 22.95 ± 3.71, and for men 22.19 ± 2.92.  

Table II shows the median, minimal and maximal 
values of plasma DM and DX concentrations, as well 
as the MR, according to sex, after administration of a 
single DM dose. Men and women showed very 
similar plasma DM concentrations; in men the median 
value was 12.91 ng/mL (range from 6.45 to 84.88 
ng/mL) and in women it was 12.43 ng/mL (range from 
6.24 to 147.62ng/mL). However, for plasma DX, 
median values and variation ranges showed more 
diversity; in men 907.48 ng/mL (range from 441.18 to 
14065.60 ng/mL) and in women 1074.50 ng/mL 
(range from 346.95 to 25165.40 ng/mL). Median 
values corresponding to MR in men and women were 
0.010 vs 0.011 respectively, showing no significant 
difference. 

DM dextrometorphan, DX dextrophan, MR metabolic ratio 
 *p< 0.05 
 
Table III shows a comparison between the median 
values and the variation ranges corresponding to 
plasma DM and DX concentrations, and of MR in 
Tepehuano Amerindians according to chronological 
age. A comparison of the three age groups 15-21, 22-
44 and 45-65 revealed very similar plasma DM 
concentrations with median values of 12.43 ng/mL; 
11.71 ng/mL and 13.55 ng/mL respectively, showing 
no significant difference. The case was different for 
the metabolite DX, which increased with age. The 
median for the three age groups was 848.74 ng/mL, 

1047.42 ng/mL and 1323.05 ng/mL, respectively, for 
the three mentioned age groups. However, the 
differences are not statistically significant. Finally, 
comparison of the MR median revealed that the 
lowest values, 0.0081, were present in the older 
group of 45-65 years, followed by the 22-44 year 
group with 0.0114, and the highest values were found 
in the 15-21 year group with 0.0118. 

Analysis of nutritional status analysis revealed that 
subjects were either adequate weight or overweight 
(Table IV). Mean values (± S.D.) of MR between 
these two groups yielded very similar results, of 
0.0116 ± 0.0057 for subjects of adequate weight, and 
0.0113 ± 0.0051 for overweight subjects. 

 

Table II.  DM, DX plasma concentrations and metabolic 
ratio in Tepehuano Amerindians. 
    DM (ng/mL) Men Women 
Median =   12.91     12.43 
Minimum =     6.45       6.24 
Maximum =   84.88   147.62 
n =   23   32 
   
    DX (ng/mL)   
Median =    907.48   1074.50 
Minimum =    441.18     346.95 
Maximum = 14065.60 25165.40 
n =   23   32 
   
     MR     
Median = 0.010 0.011 
Minimum = 0.004 0.003 
Maximum = 0.024 0.023 
n =   23   32 

Table III. Comparison of plasma DM, DX concentrations 
and metabolic ratio in Tepehuano Amerindians by age. 

  AGE (years) 
  15-21 22-44 45-65 
DM 
(ng/mL)    
Median =   12.43   11.71 13.55 
Minimum =    6.24    6.44   6.65 
Maximum = 115.30 147.62 84.45 
n = 22 23 10 
  
DX 
(ng/mL)    
Median =    848.74    1047.42    1323.05
Minimum =    434.62     346.95     722.16 
Maximum = 14065.60 11234.10 25165.40 
n = 22 23 10 
  
MR    
Median  = 0.0118 0.0114 0.0081 
Minimum = 0.0043 0.0035 0.0033 
Maximum = 0.0225 0.0241 0.0154 
n = 22 23 10 

Table IV.  Metabolic Ratio of DM/DX in Amerindians of 
Tepehuano origin according to their nutritional status. 

Body Mass Index  
 
MR Adequate Overweight 
Mean = 0.0116 0.0113 
S = 0.0057 0.0051 
S2 = 0 0 
Median = 0.0111 0.0099 
Minimum = 0.0033 0.0051 
Maximum = 0.0241 0.0225 
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No significant correlation was found between plasma 
DM and DX concentrations, or MR as a function of 
age, body weight, size or BMI.  Figures 2 and 3 
display the relationship between MR, and plasma DM 
and DX concentrations respectively, corresponding to 
a monoexponential decay curve defined by the 
equation as shown. 

DISCUSSION 
Based on a recent study by Tennezé et al. [27], which 
demonstrated a high correlation (r=0.92, p<0.0001) 
between the DM/DX MR of 24 hr in urine and that of 3 
hr in plasma in 29 healthy subjects of EMs 
phenotype, our present results showed that in 55 
volunteer Amerindians of Tepehuano origin, none 
presented the PMs phenotype, which was determined 
by the MR of plasma DM/DX (MR >0.3 for PMs) 
[28,29]. In another study, Chládek et al. [30], reported 
an excellent correlation between the determination of 
MR of 4 hr in urine and of 3 hr in plasma; and similar 
results were reported by Jacqz-Aigrain et al. [11], 
after collecting urine for 8 hr. The MR values for 
plasma DM/DX observed in our population allowed us 
to classify the subjects studied herein as EMs.  

When the relationship of MR of plasma DM/DX as a 
function of the DX (Fig. 2) and DM (Fig. 3) plasma 
concentrations was established, we found a negative 
exponential decay curve, a mathematical function 
which predicts the expected MR from the plasma DX  

or DM concentration. This monoexponential 
mathematical function may have applications in 
clinical practice since from information on plasma DM 
or DX concentrations, the phenotype of an individual 
can be predicted with much precision by substituting 
DM or DX concentrations into the equation for each 
relationship, or from the regression analysis in 
Figures 2 and 3.  It must be noted that better 
predictions are obtained from DX concentrations 

since the correlation is greater than with DM 
concentration.  

It must be considered that drug pharmacokinetics, as 
well as phenotype, beside being genetically 
determined, may be regulated by other factors such 
as age, nutritional status, disease, environmental 
factors like the weather, smoking habits, and others 
[18,19,34,35]. In this study, however, no effect of age, 
gender or nutritional status was observed on the 
phenotypical expression of CYP2D6 as reported in 
other studies [21,34,36,37]. This may be due to 
sample size. 

Population studies with a large sample size, have 
shown that the MR of DM/DX varies 4 to 5 orders of 
magnitude depending on the presence of the most 
frequent 6 genotypes (frequency >5%) and of 
approximately 30 less frequent phenotypes [31,32].  
However, the precise reason for this sample range is 
unknown and can be due to diet or to differential 
expression of the CYP2D6 gene, to metabolic reserve 
systems or to the significant intra-individual and intra-
laboratory variations in the determination of 
phenotype, and/or possible combinations of other 
genetic polymorphisms not yet detected in CYP2D6  
[33]. 

To know the metabolic status of subjects involved in a 
clinical study of drugs that are substrates of CYP2D6 
would offer important advantages. This information 
would have a positive impact on therapeutic decisions 
referring to dosage, and on the determination of the 
therapeutic window which would be related to drug 
efficacy. 
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Although genotyping has many advantages over 
phenotyping in clinical tests, this methodology cannot 
detect a PMs because of the many existing rare 
polymorphisms or even new unknown polymorphisms 
that have not been detected yet. Phenotyping also 
takes into account all internal and external factors 
that influence specific enzyme activity, and reveals 
drug-drug interactions or defects in the total metabolic 
process of a drug. Genotyping identifies the PMs 
correctly, but cannot predict the quantitative 
metabolic capacity among EMs; thus, drug 
administration based on genotyping is no guarantee 
in determining drug plasma levels. 

Woodworth et al. [38] found that after an oral dose of 
30 mg, plasma DM levels are above10 ng/mL, 4 hr 
after drug administration, and above 5 ng/mL 24 hr 
after DM ingestion. In the present study we found that 
3 hr after ingestion of 30 mg DM, 18 subjects had 
plasma DM concentrations between 5 and 10 ng/mL, 
15 subjects between 11 and 20 ng/mL, 8 between 21 
and 50 ng/mL and 14 above 51 ng/mL, demonstrating 
the importance of measuring plasma DM levels, even 
when the MR is known. 

Some studies indicate that in cases of overdose, 
plasma DM levels are of no clinical use because 
there is no correlation between plasma DM and DX 
concentrations in intoxicated patients (Walker and 
Hunt [39] and Ellenhorn and Barceloux [40]). This, 
however, points to the necessity of verifying or 
discarding this correlation and of performing further 
monitoring studies of DM and DX levels to determine 
the complete pharmacokinetic profile of this drug.  
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