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Abstract

The suitability of the endogenous 6-hydroxymelatonin/melatonin urinary meta-
bolic ratio as a surrogate for the paraxanthine/caffeine ratio to predict cytochrome
P450 1A2 (CYP1A2) activity was assessed in this study. Twelve healthy volunteers
completed four study sessions spread over 1 month (including overnight urine
collection with first morning voids collected separately). Except for the third ses-
sion, volunteers were asked to abstain from methylxanthine-containing beverages
and foods at least 24 h before urine collection. At the end of urine collection, sub-
jects were given a caffeinated beverage and capillary blood samples were collected
2 h after the drink administration. A significant linear relationship between the
6-hydroxymelatonin/melatonin ratios from 12-h urine samples and first morn-
ing voids was observed (R* = 0.876, p < 0.0001). In contrast to the paraxanthine/
caffeine ratio, consumption of methylxanthine-containing beverages during ses-
sion three did not significantly influence the 6-hydroxymelatonin/melatonin ra-
tios compared with the other sessions requiring abstinence from caffeine. A larger
intra- and interindividual variability in the 6-hydroxymelatonin/melatonin ratios
compared with the paraxanthine/caffeine ratio was also observed. A very weak
correlation was observed between the paraxanthine/caffeine ratio and both of the
endogenous 6-hydroxymelatonin/melatonin ratios (Pearson r < 0.35, p < 0.05). All
these results question whether this endogenous metric could adequately reflect
CYP1A2 activity or substitute for the probe caffeine. Additional studies with larger
study samples are needed to examine this endogenous metric in more details.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

The use of endogenous markers offers numerous advantages in terms of safety
and convenience over exogenous probes to phenotype cytochrome P450 (CYP450)
activity. Melatonin, a hormone endogenously synthetized by the pineal gland at
night, is essentially hydroxylated into 6-hydroxymelatonin by CYP1A2. Previous
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studies have shown successful use of exogenous melatonin for CYP1A2 phe-
notyping, prompting interest in possible CYP1A2 phenotyping via endogenous
6-hydroxymelatonin to melatonin metabolic ratio.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study assessed the suitability of the endogenous 6-hydroxymelatonin to me-
latonin urinary metabolic ratio to substitute caffeine to predict CYP1A2 activity.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

The endogenous 6-hydroxmelatonin to melatonin ratio could be measured non-
invasively in morning spot urine without substantial impact of caffeine intake.
However, despite a weak positive correlation with the paraxanthine to caffeine
ratio, current results are insufficient to affirm the ability of the 6-hydroxmelatonin
to melatonin ratio to adequately reflect CYP1A2 activity, or even to outperform
the probe caffeine.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The use of the endogenous 6-hydroxymelatonin to melatonin ratio measured
in morning spot urine represents an interesting starting point for larger clinical
studies evaluating this endogenous metric.

INTRODUCTION

Cytochrome P450 1A2 (CYP1A2) is one the most impor-
tant CYP enzymes in the human liver.! Its expression has
been reported to vary from 40- to 130-fold in the human
population.” The causes of variability in CYP1A2 activity
are numerous and primarily include non-genetic factors,
such as smoking, drug-drug interactions, age, or gender.'
Globally, clinical impact of CYP1A2 genotyping is prone to
conflicting evidence in the literature, and phenotype pre-
diction from CYP1A2 genotype is not well-established.*™
CY1A2 phenotyping thus appears as the best tool to char-
acterize enzyme function, representing a major step toward
personalized medicine. Caffeine is the most commonly
used probe to phenotype CYP1A2 activity.>’ Caffeine me-
tabolism goes through several CYP450 enzymes, but ~ 95%
of a total caffeine dose is metabolized by CYP1A2. Its main
metabolites are theobromine (about 10%) and paraxan-
thine (about 80%) through N3-demethylation.®’ Prior to
CYP1A2 phenotyping using caffeine, study participants or
patients are usually asked to refrain from methylxanthine-
containing foods and beverages, which constitutes a major
drawback of this procedure.’

Inthefield of personalized medicine, thereisconsiderable
interest in endogenous compounds metabolized through
drug-metabolizing enzymes.*” Indeed, CYP450 enzymes
are subject to high intra- and interindividual variability, re-
quiring effective and nonburdensome tools to characterize
their activity in a given subject at a specific time.'° The use
of endogenous markers offers numerous advantages over
exogenous probes to phenotype CYP450 activity. It is a very
safe approach because there is no need to ingest or inject
xenobiotics, eliminating any risk of allergy, intolerance or

adverse effects.® Moreover, phenotyping using endobiot-
ics could help provide knowledge of CYP450 activity in
populations where the administration of exogenous com-
pounds may be inconvenient and unethical, such as preg-
nant women, children, or the elderly.g’n’12 In this context,
melatonin is a hormone synthetized by the pineal gland at
night from serotonin by a two step-process.” Its metabo-
lism is essentially mediated by CYP1A2, which catalyzes
hydroxylation of melatonin into 6-hydroxymelatonin.'*
In 12 healthy volunteers who received a single oral dose
of 25 mg of melatonin and 100 mg of caffeine, melatonin
clearance correlated significantly with caffeine clearance
(r,=0.748; p = 0.005), suggesting that melatonin may be an
alternative to caffeine as a probe drug for CYP1A2 pheno-
typing.'®> However, measurement of endogenous melatonin
and its metabolite, 6-hydroxymelatonin, has been poorly
explored as a marker of CYP1A2 activity. Von Bahr et al.'®
measured endogenous melatonin levels in serum and urine
from seven healthy volunteers. Following administration
of fluvoxamine 50 mg, a potent CYP1A2 inhibitor, they
observed an increase in the area under the concentration-
time curve (AUC) of melatonin by 2.8-fold and in urinary
melatonin excretion over 14 h by 2.1-fold compared with
placebo (p < 0.05).%'7 Likewise, Skene et al.'® showed that
in addition to increasing AUC of melatonin by a factor of
2.9 (p < 0.01), fluvoxamine 100 mg decreased urinary ex-
cretion of 6-sulphatoxymelatonin, the conjugated form of
6-hydroxymelatonin, between midnight and 9 a.m. com-
pared to the control session in eight study participants (p <
0.01).

The objective of this study was to provide additional data
concerning the 6-hydroxymelatonin to melatonin metabolic
ratio in human urine. In particular, we investigated whether
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overnight urine (collected from 9 p.m. to 9 a.m.) could be
substituted by first morning void samples for the purpose of
CYP1A2 phenotyping. The use of the paraxanthine/caffeine
ratio in dried blood spots (DBS) in a single-time point drawn
2 h after caffeine administration, is a validated approach de-
veloped by Bosilkovska et al. to determine CYP1A2 activ-
ity.w’zo Therefore, correlations between the metabolic ratio
of 6-hydroxymelatonin/melatonin in urine and paraxan-
thine/caffeine in DBS were also assessed. Finally, the intra-
and interindividual variabilities of the 6-hydroxymelatonin/
melatonin ratio, as well as the impact of caffeine intake on
this endogenous marker were established.

METHODS
Study design and population

The study protocol (NCT04420611) was approved by the
Geneva Research Ethics Committee and the study was
conducted according to the guidelines of the Declaration
of Helsinki. All participants provided written informed
consent before inclusion. Participants unable to abstain
from alcohol or methylxanthine-containing beverages
and food for 24 h, sensitive to coffee/cola beverages, or
taking irregularly (i.e., non-daily or inconstant dosages)
drugs, and foods or tobacco-derived products that modu-
late CYP1A2 activity were excluded.

The study was conducted in four sessions spread over 1
month, as described in Figure 1.

During each study session, overnight urine (includ-
ing urine voided during the night) were collected for 12 h
(from 9 p.m. to 9 a.m.). First morning voids were collected
separately in order to obtain an aliquot analyzed inde-
pendently from the 12 h collection. The remaining urine
from the first morning voids’ container was combined in
the 12-h urine bottle to create the 12-h sample.

Volunteers were asked to refrain from alcohol consump-
tion and methylxanthine-containing beverages and foods
at least 24 h before the urine collection, except for session
three regarding the consumption of methylxanthines.

Session 1
Inclusion Day 1

Session 2
Day 4+1

<>
Overnight urine coIIe(;It\ion t0112h
Informed consent 3 N _
l First morning void ‘

Overnight urine collection(t0112h

l First morning void ‘

Before this second-to-last session, subjects were on an un-
restricted caffeine intake during the 24 h preceding urine
collection. For subjects who did not drink caffeinated bev-
erages daily, they were asked to consume at least one cup
of coffee or cola 24 h prior to overnight urine collection to
ensure caffeine intake. At around 9 a.m., after each over-
night urine collection, subjects were administered a cup of
coffee or cola (depending on individual preference) after
an overnight fast. Capillary blood samples from a small
finger prick (10 pL) were collected 2 h after the beverage
was given. The measurement of the paraxanthine/caf-
feine ratio in DBS 2 h after the administration of caffeine
is based on a previous report by Bosilkovska et al.*° This
work showed a significant correlation between two ratios
of paraxanthine/caffeine (i.e., one using the area under the
concentration-time curve from time zero to the last quan-
tifiable concentration [AUC,,] in plasma and the other
using a single time point capillary DBS at 2 h), under basal
condition as well as after the intake of inducer/inhibitors.
Capillary whole blood was collected using microsampling
HemaXis DB10 kits purchased from DBS System SA, al-
lowing collection of controlled volume (10.0 + 0.5 pL per
spot; Gland, Switzerland). In addition, Bosilkovska et al.’?
observed strong linear relationships between caffeine and
paraxanthine concentrations in capillary DBS and venous
plasma, as indicated by high values of coefficients of de-
termination (R* ranging from 0.843-0.985), suggesting
that DBS may be an alternative sampling technique to
conventional venous plasma collection.

Quantification of 6-hydroxymelatonin/
melatonin, and paraxanthine/caffeine

All the compounds were quantified in urine or DBS using
an Agilent 1290 Infinity series LC system from Agilent
(Paolo Alto, CA) coupled to a 6500 QTtrap triple quad-
rupole linear ion trap mass spectrometer from AB Sciex
equipped with an electrospray ionization (Darmstadt,
Germany). Both methods were validated in terms of se-
lectivity, accuracy, precision, recovery, and matrix effect.

Session 4
Day 3042

Session 3
Day 1542

Overnight urine collection(t0112h

<>
Overnight urine collection|t0{12h
First morning void

l First morning void ‘

l t13: Coffee or cola intake ‘

l t13: Coffee or cola intake ‘

t13: Coffee or cola intake l t13: Coffee or cola intake ‘

t15: DBS sampling

Caffeine and alcohol abstinence

Caffeine and alcohol abstinence

FIGURE 1 Study design. DBS, dried blood spot

t15: DBS sampling

t15: DBS sampling t15: DBS sampling

Alcohol abstinence and caffeine consumption

Caffeine and alcohol abstinence
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Urinary 6-hydroxymelatonin and melatonin were
quantified according to the method described by Magliocco
et al.”! using deuterated analogues as internal standards.
Very briefly, following solid phase extraction and enzy-
matic hydrolysis, quantification was performed using a
single reverse-phase high-performance liquid chromatog-
raphy coupled with tandem mass spectrometry (LC-MS/
MS) method. Because 6-hydroxymelatonin is largely conju-
gated into 6-sulfatoxymelatonin and 6-hydroxymelatonin
glucuronide, we used p-glucuronidase/arylsulfatase solu-
tion from Helix pomatia for rapid hydrolysis of the glucu-
ronide and sulfate linkage.*!

The analyses of paraxanthine and caffeine in DBS were
performed using the LC-MS/MS method, as described in
the study of Bosilkosvka et al.'’ using methanol as ex-
traction solvent.

Statistical analysis

Linearregression and Bland-Altman plot were used to eval-
uate the relationship between the 6-hydroxymelatonin/
melatonin ratio from overnight urine samples and first
morning voids. For the Bland-Altman analysis, the av-
erage of the ratios in 12-h (overnight) and first morning
voids urine samples at each session were measured and
the percentage of difference was calculated as follows:

ASCPT

RESULTS
Subjects

A total of 12 healthy volunteers (6 men and 6 women)
were recruited. The median age was 29 years (range 24-
61 years). All subjects were White. One subject was a
light daily smoker (1-5 cigarettes/day). Two female vol-
unteers took oral contraceptive pills but no study session
was scheduled during the 7-day contraceptive-free inter-
val. The other volunteers were not taking any other drugs
modulating CYP1A2 activity.

Using the ROUT method with a preselected false-
discovery rate of 1%, data from one volunteer in session
one were removed from the data analysis because of ex-
treme differences in the 6-hydroxymelatonin/melatonin
ratios compared with other sessions and other volunteers.
Normal distributions of the data were confirmed by the
Kolmogorov-Smirnov test.

Overnight versus first morning void
urine samples

On average, urine volume was 2.3-fold higher (range 1.1-

7.6) during the 12-h collection compared with samples
from the first morning voiding.

-100

Hyd Jatonin ;e . .. Hyd Jatonin : .
—YCOTE e 08 in first morning voids — 2901 in gvernight urine samples
Melatonin Melatonin
Average

We reported the —20 to +20% range in the Bland-Altman
plots, because at least 67% of the observations must fall
within this range for two methods to be considered as pro-
viding similar results according to the European Medicines
Evaluation Agency (EMEA) guidelines (cross-validation
acceptance criteria) and previous reports.”** In addition,
based on the US Food and Drug Administration (FDA)
Bioequivalence Hearing, a difference of 20% is not consid-
ered clinically significant.”

Normality was tested using the Kolmogorov-Smirnov
test and significant outliers were identified by the ROUT
method and removed (Q = 1%). The effect of caffeine on
the 6-hydroxymelatonin/melatonin and paraxanthine/caf-
feine ratios was assessed via one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc tests. Pearson’s
correlation coefficients were calculated to measure the
correlation between the 6-hydroxymelatonin/melatonin
and paraxanthine/caffeine ratios.

All statistical analyses were performed using
GraphPad Prism 8.0.1 software (San Diego, CA). A p
value less than or equal to 0.05 was considered statisti-
cally significant.

Figure 2a illustrates the relationship between the
6-hydroxymelatonin/melatonin urinary metabolic ratio
measured from 12-h urine samples and first morning
voids in 12 participants at all four study sessions. A signif-
icant linear relationship was measured between these two
different urine collection methods. The Bland-Altman
plot (Figure 2b) shows that the bias (average of the dif-
ferences) between the 12-h urine samples and the first
morning voids is around —1.26%. The limits of agreement
of the Bland-Altman plot (calculated as bias +1.96 times
the standard deviation of the relative difference) were
between —38.62% and 36.10%. At least 67% of the values
were within the +20% threshold set in the EMEA guide-
lines (cross-validation acceptance criteria).

Influence of caffeine intake

Asillustratedin Figure 3a,b, themean 6-hydroxymelatonin/
melatonin ratios in 12-h (overnight) and first morn-
ing voids urine samples were not significantly different
among the four study sessions, including the third session.
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FIGURE 2 (a)Linear regression between 6-hydroxymelatonin/melatonin ratios measured in 12-h (overnight) and first morning voids

urine samples. (b) Bland-Altman comparison of the 6-hydroxymelatonin/melatonin ratio in 12-h (overnight) and first morning voids urine

samples. This plot illustrates the average of the ratios measured in 12-h (overnight) and first morning voids urine samples at each session

(x-axis) versus the difference between the ratios in first morning voids and 12-h (overnight) urine samples (expressed as a percentage of the

average, y-axis). The mean bias and 95% limits of agreement are represented as solid, red lines, whereas the dashed lines show the —20 to

+20% range

The following paraxanthine/caffeine metabolic ra-
tios were measured in DBS samples in sessions one, two,
three, and four: 0.22 + 0.07, 0.21 + 0.05, 0.36 + 0.06, and
0.22 +0.07, respectively (Figure 3c). The paraxanthine/caf-
feine ratio was significantly increased by ~ 1.6-fold when
subjects were requested to consume methylxanthine-
containing beverages and foods (session 3) compared with
the other sessions (sessions 1, 2, and 4). Examining the
individual data (Appendix S1), the paraxanthine/caffeine
metabolic ratio was increased in all subjects during ses-
sion three compared with the other sessions, except for
one participant whose ratio remained rather stable.

Intra- and interindividual variability

In our study, the mean intersubject coefficients of varia-
tion (CVs) of the 6-hydroxymelatonin/melatonin ratios
measured in first morning voids and 12-h (overnight)
urine samples were 41.0 + 12.2% and 43.9 + 11.9%, respec-
tively (Appendix S1). The mean intersubject CV of the pa-
raxanthine/caffeine ratio in DBS at 2 h was 26.7% + 8.3%.

The mean intrasubject CVs of the paraxanthine/caffeine
ratio in DBS at 2 h and 6-hydroxymelatonin/melatonin ra-
tios measured in first morning voids and 12-h (overnight)
urine samples are described in Table 1. Because of the
significant impact of uncontrolled caffeine consumption
on the paraxanthine/caffeine ratio, session three was ex-
cluded for assessment of intra-individual variability in
this metric (see section Influence on caffeine intake). The
light smoker, corresponding to the subject number seven,
showed globally higher 6-hydroxymelatonin/melatonin
urinary ratios (first morning voids and overnight collec-
tion) than other individuals, except for the participant
number eight. However, such results were not reflected in
the paraxanthine/caffeine ratio.

Correlation between the DBS
paraxanthine/caffeine ratio and the
endogenous urinary 6-hydroxymelatonin/
melatonin ratio

Figure 4a,b show the results regarding the Pearson’s cor-
relation coefficients between the 6-hydroxymelatonin/
melatonin urinary ratios (first morning voids and over-
night collection) and the paraxanthine/caffeine DBS ratio
at 2 h for each subject at sessions one, two, and four (ses-
sions measured combined). Because of the significant
influence of caffeine consumption on the paraxanthine/
caffeine ratio in DBS (see section Influence on caffeine in-
take), session three was not considered in the correlation
assessments.

DISCUSSION

Melatonin is secreted by the pineal gland to regulate, pri-
marily, circadian rhythms and sleep through melatonin
receptors.”® Melatonin concentrations start to increase at
around 9 p.m., reaching maximum plasma concentration
between 3 and 4 a.m.”’ In agreement with this, previous
reports have shown that melatonin and its conjugated
metabolite 6-sulfatoxymelatonin have maximum uri-
nary excretion during the night, remaining elevated until
about 9 a.m.”® In order to develop a method of urine col-
lection that is the least burdensome, we compared the
6-hydroxymelatonin/melatonin urinary ratios measured in
urine samples collected strictly from 9 p.m. to 9 a.m. versus
uncontrolled first morning void (consisting of ~ 2 to 10 h of
urine production, depending on bedtime, time of awaken-
ing, and sleep interruption). Despite large differences in the
amounts of volume collected between the two types of col-
lection (2.3 times greater volume in the 12-h urine samples
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FIGURE 3 Scatter dot plots with horizontal lines
representing means = SD. (a) Distribution of the endogenous
6-hydroxymelatonin/melatonin ratio measured in 12-h
(overnight) urine samples. (b) Distribution of the endogenous
6-hydroxymelatonin/melatonin ratio measured in first morning
voids urine samples. (c) Distribution of the paraxanthine/caffeine
ratio measured in dried blood spot samples. Sessions one, two, and
four represent baseline conditions, including abstention from alcohol
and caffeine at least 24 h before the urine collection. In contrast, in
session three, subjects were asked to consume at least one cup of

coffee or cola during this 24-h period. *** p < 0.001; **** p < 0.0001

than in the first morning voids), we showed a significant
linear relationship between the 6-hydroxymelatonin/me-
latonin ratios estimated either from first morning voids or
from 12-h urine sample collection (from 9 p.m. to 9 a.m.).
These results suggest that a shorter, more clinically man-
ageable, early morning spot urine collection may replace

ASCPT

the more controlled and burdensome 12-h method. It is
likely that measuring the metabolic ratio (e.g., metabolite/
substrate) minimizes variability caused by the circadian
rhythm. Similarly, the 6f8-hydroxycortisol/cortisol urinary
metabolic ratio remains constant throughout the day in
spite of the circadian variations.***

In the third session, subjects followed an unrestricted
caffeine diet. Participants who did not drink caffeinated
beverages daily were asked to consume at least one cup
of coffee or cola 24 h before overnight urine collection to
ensure caffeine intake. No effect of caffeine was observed
on the endogenous 6-hydroxymelatonin/melatonin uri-
nary metabolic ratio. Therefore, it appears that routine
consumption of caffeinated beverages can be maintained
before measurement of this metric. No impact of caf-
feine was also noted when examining melatonin and
6-hydroxymelatonin excretion rates measured separately
(data not shown). These results corroborate the findings of
Hirtter et al.*! that observed no significant effect of caffeine
ingestion 12 or 24 h before oral melatonin intake (6 mg) on
melatonin concentration at 1.5 h. Despite discrepancies,
previous studies reported important effects of caffeine on
melatonin pharmacokinetics. For instance, Ursing et al.??
demonstrated a significant increase in the AUC of endoge-
nous melatonin (measured from 10 p.m. to 8 a.m.) after 12
healthy volunteers received 200 mg of caffeine in the eve-
ning (at 10 p.m.) compared to a placebo. They hypothesized
that caffeine could promote melatonin release from pine-
alocytes or possible effect of caffeine on CYP1A2. Wright
et al.** observed the opposite: 200 mg of caffeine, ingested
twice a night, decreased nocturnal salivary melatonin lev-
els. They suggested that caffeine may influence melatonin
levels through action on adenosine A,, receptors in the
pineal gland. Further studies are therefore needed to con-
firm the absence of effect of caffeine on the endogenous
6-hydroxymelatonin/melatonin urinary metabolic ratio.

A 24- or 48-h abstinence from caffeine consumption
before phenotyping of CYP1A2 activity using caffeine
as a probe is often required and highly burdensome for
patients and study participants.”**** In our study, the pa-
raxanthine/caffeine ratio in DBS at 2 h was significantly
higher when methylxanthine-containing foods and bev-
erages were allowed (session 3) compared with the absti-
nence phases (sessions 1, 2, and 4). Similar results have
been reported in other studies.*®*” Caffeine and paraxan-
thine have different pharmacokinetic profiles. It has been
demonstrated that 8 to 10 h after caffeine ingestion, pa-
raxanthine levels exceed those of caffeine in plasma.?**
Despite the paucity of studies on the kinetics of caffeine
and paraxanthine in humans after daily caffeine intake,
we found that half-life of caffeine (~ 4.3 h) is shorter than
the half-life of paraxanthine (~ 7.8 h), which may explain
the higher paraxanthine/caffeine ratio observed in session
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TABLE 1

Intra-individual variability of the endogenous 6-hydroxymelatonin/melatonin ratios measured in first morning voids and

12-h (overnight) urine samples, as well as the paraxanthine/caffeine ratio measured in dried blood spot samples at 2 h from three different

sessions (session 1, 2, and 4)

6-hydroxymelatonin/melatonin

6-hydroxymelatonin/melatonin

Paraxanthine/caffeine (DBS

(first morning voids) (overnight samples) at2 h)

Subject Mean + SD CV (%) Mean + SD CV (%) Mean + SD CV (%)

1 163 + 34.2 21.0 137 +14.7 10.8 0.25 £ 0.04 15.2

2 87.1 £15.1 17.3 92.7 £16.7 18.9 0.20 £ 0.02 7.7

3 114 + 21.7 19.1 121 +15.9 13.0 0.16 = 0.01 6.9

4 116 + 11.7 10.0 130 + 25.0 19.3 0.25 £ 0.05 17.7

5 67.0 £ 6.2 9.3 65.8 £12.9 19.6 0.20 £ 0.03 16.9

6 60.6 £ 12.7 21.0 55.2 £ 16.6 30.1 0.20 = 0.04 19.7

7 217 £ 64.3 29.6 194 + 60.4 31.2 0.19 £ 0.08 44.3

8 212 £ 85.8 40.5 226 £ 83.4 36.9 0.26 £ 0.04 14.5

9 161 = 106 65.7 195+ 113 58.0 0.35 £ 0.04 11.6

10 115 + 23.2 20.3 106 + 22.3 21.1 0.13 £ 0.01 10.7

11 175 +39.3 22.5 219 £ 424 19.4 0.17 £ 0.02 10.8

12 189 = 12.9 6.9 178 + 26.7 15.0 0.21 £ 0.03 13.8

All subjects 137 + 64.2 23.6 £ 16.1 142 + 69.2 244 +13.1 0.22 £ 0.06 15.8 9.8
Abbreviations: CV, coefficient of variation; DBS, dried blood spot.

4007 0349 4007 - 0336 FIGURE 4 Pearson’s correlation
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three compared with sessions one, two, and four of the
present study.*® Previous studies also reported the possi-
ble quantification of dietary caffeine in urine or saliva to
measure CYP1A2 activity.‘m"42 This interesting approach
needs to be further explored, especially with regard to the
nonlinear (dose-dependent) pharmacokinetics of caffeine
and possible saturation of CYP1A2-mediated metabo-
lism.* Indeed, given the large differences observed in our
studies between sessions with and without caffeine absti-
nence, we question whether it is possible to phenotype
CYP1A2 activity through the paraxanthine/caffeine ratio
measured in random samples and/or uncontrolled condi-
tions (i.e., unrestricted caffeine intake). Additional stud-
ies are needed to compare CYP1A2 phenotyping under a
standardized sampling method versus randomly collected
samples, and time-controlled caffeine administration ver-
sus no prior caffeine abstinence.

In this particular study, intra-individual variation
in the paraxanthine/caffeine ratio in DBS at 2 h when

Paraxanthine/caffeine in DBS at 2 h

comparing ratios at sessions one, two, and four (over a pe-
riod of ~ 1 month) was 15.8 + 9.8%. Measured over a 12-
week period, the plasma paraxanthine/caffeine ratio at
5 h showed a similar mean intrasubject CV of 17.6 + 6.0%
and 16.2 + 5.9% in young (n = 16) and elderly (n = 16),
respectively, in a study by Simon et al.** In contrast, intra-
individual variability in the 6-hydroxymelatonin/mel-
atonin ratios measured in first morning voids and 12-h
(overnight) urine samples was slightly higher (mean CV
23.6 + 16.1% and 24.4% + 13.1, respectively). It is likely
that uncontrolled factors are affecting urinary excretion
rates of endogenous melatonin and 6-hydroxymelatonin.
If uncontrolled factors affect the 6-hydroxymelatonin/
melatonin ratios resulting in higher intra-individual
variability than the plasma paraxanthine/caffeine ratio,
it seems clear that this endogenous metric is less likely to
reliably capture CYP1A2 activity.

In this study, the urinary 6-hydroxymelatonin/mela-
tonin ratios estimated either from first morning voids or
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from 12-h urine sample collection (from 9 p.m. to 9 a.m.)
also exhibited higher interindividual variability than the
paraxanthine/caffeine ratio with a mean intersubject CV
estimated at 41.0 £ 12.2% and 43.9 + 11.9%, respectively.
The mean intersubject CV of the paraxanthine/caffeine
ratio in DBS at 2 h was 26.7 = 8.3%. Previous research
work reported higher intersubject CV for plasma parax-
anthine/caffeine ratios measured at a single time point
(ranging from ~ 29 to 48%).**™*° Because of the small sam-
ple size, we did not investigate potential factors that may
contribute to interindividual variability. However, it seems
essential to assess whether the 6-hydroxymelatonin/mel-
atonin ratio is still able to capture the impact of factors
contributing significantly to CYP1A2 modulation, despite
slightly higher intra- and interindividual variability than
the paraxanthine/caffeine ratio. In particular, the impact
of gender, genetics, pathological states (e.g., liver disease),
or comedication on the urinary 6-hydroxymelatonin/
melatonin ratio should be further investigated in future
projects, taking into account the variability measured in
this study to estimate the sample size."*”* In particu-
lar, smoking, a potent inducer of CYP1A2 enzyme activ-
ity, is expected to increase any metabolite-to-substrate
ratio. In this study, only one subject reported being a
light smoker, which was possibly reflected in the uri-
nary 6-hydroxymelatonin/melatonin ratio in first morn-
ing voids but not the paraxanthine/caffeine ratio. It also
seems important to measure whether different sleep pat-
terns (e.g., early risers vs. late sleepers) would have an im-
pact on the 6-hydroxymelatonin/melatonin ratio.
Caffeine is usually considered the reference probe
for CYP1A2 because its metabolism is primarily medi-
ated by CYP1AZ2. In this study, the relationship between
the endogenous 6-hydroxymelatonin/melatonin uri-
nary ratio and the paraxanthine/caffeine ratio in DBS at
2 h was examined. We observed significant correlations
between paraxanthine/caffeine ratio and endogenous
6-hydroxymelatonin/melatonin ratios (first morning
voids and overnight collection) during sessions one, two,
and four. However, the correlations were very weak (r <
0.35) and do not currently support clinical application.
To our knowledge, no other studies observed a significant
correlation between caffeine and endogenous melatonin.
Ursing et al.>® reported, for instance, a nonsignificant cor-
relation between caffeine clearance and AUC of melatonin
in 12 healthy volunteers (r = —0.021, p = 0.95). However,
when measuring endogenous metrics, it seems more rel-
evant to determine either the substrate and its metabo-
lite simultaneously, or the metabolite alone (e.g., plasma
4-beta-hydroxycholesterol) rather than the substrate
alone, in order to assess the activity of a CYP isoenzyme.®
To conclude, this study successfully demonstrated that
the endogenous 6-hydroxymelatonin/melatonin urinary

ASCPT

ratio estimated from first morning voids and overnight
collection were statistically related. Therefore, the more
convenient first morning micturition could be consid-
ered when further investigating the 6-hydroxymelatonin/
melatonin urinary ratio as a metric for CYP1A2 pheno-
typing. Although this endogenous metabolite/substrate
couple remains a potential candidate for CYP1A2 phe-
notyping, at present, insufficient clinical data are avail-
able to use the 6-hydroxymelatonin/melatonin urinary
ratio as a CYP1A2 metric in clinical practice, and the
results of this study should be interpreted with caution.
Some of the results of the present study (i.e., the larger
intra- and interindividual variability observed in the
6-hydroxymelatonin/melatonin ratios compared with
the paraxanthine/caffeine ratio), question whether this
endogenous metric adequately reflects CYP1A2 activity.
Confirmatory studies with larger samples are needed in
order to further explore this metric in the context of per-
sonalized medicine to measure the CYP1A2 metabolic
capability of a given patient. An important validation
criteria to consider when assessing new CYP450 mark-
ers is the capacity of the investigated metric (e.g., the
6-hydroxymelatonin/melatonin ratio) to reflect modu-
lation of the enzymatic activity after pretreatment with
CYP1A2 inhibitors and/or inducers.”® It also seems fun-
damental to understand the reasons why caffeine intake
had a significant impact on the paraxanthine/caffeine
ratio, but no effect on the 6-hydroxymelatonin/melatonin
ratios. Finally, it may also be interesting to test the for-
mation clearance of 6-hydroxymelatonin, which could be
a valuable metric eliminating any potential influence of
the renal clearance of melatonin.®
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