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A direct enantio- and chemo-selective high-performance liquid chromatogra-
phy method was developed for separating the enantiomers of the pain medicine
tramadol and its O-desmethyl active metabolite in a single run. The simulta-
neous separation was achieved on the immobilized-type amylose tris(3-chloro-
5-methylphenylcarbamate) chiral stationary phase. The method was optimized
in normal-phase and reversed-phase using ethanol as an organic modifier.
It was demonstrated that ethanol is a valid alternative to the predominant
high-performance liquid chromatography solvents in use for the preparation of
reversed-phase eluents such asmethanol and acetonitrile.With the greenmobile
phase ethanol-water-diethylamine, 80:20:0.1 (v/v/v) the limits of quantification
for the (+)/(-)-enantiomers of tramadol and its O-desmethyl active metabolite
were 1.14/1.16 and 1.33/1.40 μg mL–1, respectively.
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1 INTRODUCTION

Tramadol, (TMD) (2-dimethylamino methyl)-1-(3ʹ-
methoxyphenyl)cyclohexanol hydrochloride) is a 4-
phenyl-piperidine derivative correlated to the codeine that
is worldwide used to treat both severe pains after surgery
or trauma, and chronic cancer/non-cancer pain [1].

Abbreviations: ACMPC, amylose
tris(3-chloro-5-methylphenylcarbamate); CSP, chiral stationary phase;
CYP2D6, cytochrome P450 2D6; DCM, dichloromethane; DEA,
diethylamine; EA, ethyl acetate; IPA, 2-propanol; M1,
O-desmethyltramadol; MTHF, 2-methyltetrahydrofuran; TMD, tramadol

Although TMD has two stereogenic centers in the
cyclohexane ring (Figure 1), the commercially available
drug products contain only the racemic mixture of the
(1R,2R) and (1S,2S) enantiomers (also designated as (+)
and (-) enantiomers) of cis-(2-dimethylaminomethyl)-1-(3-
methoxyphenyl) cyclohexanol.
TMD exerts analgesic effects via a multimodal mech-

anism of action. The non-opioid component is either
due to the (+)-enantiomer of TMD which contributes
to analgesia by inhibiting the reuptake of serotonin, or
the (-)-enantiomer which inhibits the reuptake of nora-
drenaline [2]. The O-desmethyl active metabolite (M1) of
TMD (Figure 1), on the other hand, acts on the μ-opioid
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F IGURE 1 Structures of the enantiomers of tramadol and
O-desmethyltramadol

receptor. The affinity ofM1 for the μ-opioid receptor is only
due to the (R)-(+)-enantiomer and it is about one-tenth
that of morphine and 700 times higher than TMD [3].
O-Demethylation of TMD is catalyzed primarily by

the hepatic cytochrome P450 2D6 (CYP2D6) isoform. As
this enzyme shows genetic polymorphism, patients with
CYP2D6 ultrarapid can produce relatively high and dan-
gerous plasma concentrations of (+)-M1, whereas CYP2D6
poor metabolizers have relatively low plasma concentra-
tions of the active metabolite [4].
Thus, M1, and in particular, its dextrorotatory enan-

tiomer, could provide analgesic benefits similar to TMD
but with a comparatively more favorable safety profile [5].
The most convenient analytical approach to determine

the (+)/(−)-enantiomer ratios of TMD and its active
metabolite M1 after oral administration of racemic TMD
is to use enantio- and chemo-selective high-performance
liquid chromatography (HPLC) conditions. Up to now this
protocol, which is named the single-run approach because
it requires the use of a single highly selective and effi-
cient chiral chromatographic column [6], has been suc-
cessfully applied to the racemic compounds TMD and M1
only in a few works [7–9]. Under normal-phase mode,
the separation of the enantiomers of TMD and M1 was
achieved on the coated-type amylose-based Chiralpak AD
chiral stationary phase (CSP) [8,9]. At 30◦C, the reten-
tion times were: (+)-TMD 7.9 min, (-)-TMD 9.1 min, (+)-
M1 17.9 min and (-)-M1 19.1 min [9]. A reversed-phase
method was developed using an α1-acid glycoprotein-

based CSP with a mobile phase consisting of 30 mM
diammonium hydrogen phosphate buffer–acetonitrile–
triethylamine (98.9:1:0.1, v/v/v), adjusted to pH 7 by phos-
phoric acid [7]. The enantiomers of two samples were
eluted within 32 min.
Considering what mentioned above and our continuing

interest in the development of novel chiral HPLC meth-
ods for compounds of pharmaceutical interest, the present
study aimed to investigate the ability of the immobilized-
type amylose-based Chiralpak IG-3 CSP to simultaneously
separate the two couple of enantiomers of TMD and M1
under normal- and reversed-phase conditions. To achieve
this goal, different parameters such as column tempera-
ture, mobile phase composition, and flow rate were care-
fully evaluated.

2 MATERIALS ANDMETHODS

2.1 Reagents and chemicals

Diethylamine (DEA) and TMD hydrochloride were
obtained from Aldrich (Milan, Italy). M1 was synthe-
sized starting from TMD as reported previously [10].
HPLC-grade solvents n-hexane, ethanol, 2-propanol
(IPA), dichloromethane (DCM), ethyl acetate (EA), and
2-methyltetrahydrofuran (MTHF) were obtained from
Aldrich (Milan, Italy) and filtered (0.22 μm filter) before
use. HPLC analyses were carried out on the Chiralpak
IG-3 (250 mm x 4.6 mm, 3 μm), Chiralpak AD (250
mm x 4.6 mm, 10 μm) and Chiralcel OD (250 mm x
4.6 mm, 10 μm) columns (Chiral Technologies Europe,
Illkirch-Graffenstaden, France).

2.2 Instruments

Chromatographic experiments were performed on the
UHPLC Jasco LC-4000 (Jasco, Tokyo, Japan). This instru-
ment included a binary pumping system with a maximum
flow rate of 2 mLmin–1, an auto-sampler with an injection
loop volume of 50 μL (used in partial loop mode), an MD-
4010 photodiode array detector with a 2.7 μL internal vol-
ume flow cell, and a column oven. Data acquisition, data
handling, and instrument control were performed by Jasco
ChomNAV software.
To establish the absolute configuration and enan-

tiomeric elution order, enantioenriched forms of TMD
and M1 were isolated by repetitive enantioseparations
on the 250 mm x 4.6 mm Chiralcel IG-3 column (mobile
phase: n-hexane-ethanol-DEA 100:5:0.1 (v/v/v); column
temperature: 25◦C) Next, a racemic sample of test com-
pounds was spiked with the second eluted enantiomer
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and, successively, analyzed on the 250 mm x 4.6 mm
Chiralpak AD and 250 mm x 4.6 mm Chiralcel OD
columns using the eluent conditions reported by Elsing
and Blaschke [11]. As previously reported, (+)-TMD and
(+)-M1 are eluted before the (-) enantiomers. The same
enantiomer elution order was observed using the mobile
phase n-hexane-ethanol-DEA 100:5:0.1 (v/v/v).

2.3 HPLC operating conditions

Fresh standard solutions of chiral samples were prepared
by dissolving 0.25 mg of racemates in 1 mL of the mobile
phase. The injection volume was 20 μL. Solvents and sam-
ples were filtered through 0.22 μm filters. The hold-up
time was estimated by using 1,3,5-tri-tert-butylbenzene as
a marker and pure ethanol as a mobile phase.
The linearity was evaluated using standard solu-

tions at concentrations of racemic samples ranging from
0.28 mg mL–1 to 2.8 μg mL–1. The concentrations of the
solutions were plotted against the corresponding peak area
responses of the enantiomers of TMD and M1 free bases,
and linear regression equations were then calculated. The
limit of quantitation (LOQ) parameter represents the con-
centration of analyte that would yield S/N ratios of 10,
according to the European Pharmacopeia guidelines.

3 RESULTS AND DISCUSSION

3.1 Enantioseparation of TMD andM1
under normal-phase conditions

The immobilized polysaccharide-based Chiral-
pak IG-3 CSP consists of amylose tris(3-chloro-5-
methylphenylcarbamate) (ACMPC) immobilized onto
3 μm silica particles. The meta-substituted ACMPC-based
CSPs have shown a great variety of enantio- and chemo-
selectivity under both normal-phase and reversed-phase
elution modes [6, 12–15].
To develop an effective chromatographic method able to

resolve the racemic TMD and M1 in a single run, normal-
phase mixtures n-hexane-ethanol-DEA 100:10:0.1 (v/v/v)
and n-hexane-IPA-DEA 100:10:0.1 (v/v/v) were initially
tested as mobile phases in combination with the 250 mm
x 4.6 mm Chiralpak IG-3 column. The chromatographic
parameters obtained at 25◦C are shown in Table 1.
A substantial change in enantio- and chemo-selectivity

resulting from the employed alcohol modifier was
observed. With IPA, the enantiomers of TMD were base-
line resolved (entry 2, α = 1.54, Rs = 6.95) but those of M1
were just weakly separated (entry 2, α = 1.04, Rs < 1). In
addition, coelution of the second eluted enantiomer of

TMD and the first eluted enantiomer of M1 (this critical
pair is named TMD*/M1*) occurred. On the contrary,
using ethanol as an alcohol mobile phase modifier, enan-
tioseparation and resolution increased for M1 (entry 1,
from 1.04 to 1.20) and decreased for TMD (entry 2, from
1.54 to 1.21). Under this elution condition, the chemose-
lectivity exhibited by the Chiralpak IG-3 CSP remained
low again (Rs < 1). It is worth mentioning that a reversed
enantiomer elution sequence of M1 was obtained as the
alcohol modifier changed (with ethanol (R)-(+)-M1 eluted
before (S)-(-)-M1). Besides the alcohol components, in
normal-phase mode other solvents (named non-standard
solvents) are also frequently used to modify the selectivity
of the immobilized-type polysaccharide-based CSPs [16].
Data summarized in Table 1 show the effects on the
chromatographic performance of the Chiralpak IG-3 CSP
caused by the replacement of five volumes of alcohol
with the same volume of DCM, EA, or MTHF (entries
3–8). Regarding the enantioselectivity, no substantial
enhancement was registered for both test compounds
whereas a moderate enhancement in the chemoselectivity
was observed (entries 3, 4, 7, and 8).
Keeping in mind the key role played by temperature on

retention and selectivity [17], a variable temperature study
was carried out in the temperature range 15–35◦C selecting
themixtures n-hexane-ethanol-DEA 100:10:0.1 (v/v/v) and
hexane-ethanol-DEA 100:5:0.1 (v/v/v) as mobile phases.
The chromatograms obtained through 5◦C increments
analyzing a sample containing an equimolar concentration
of TMD and M1 are shown in Figure 2. In both modali-
ties: i) the retention and enantioselectivity decreased with
increasing temperature, ii) a complete and simultane-
ous separation of two pairs of enantiomers was achieved,
and iii) the (R)-(+)-enantiomers eluted before (S)-(-)-
enantiomers. It should be highlighted that with themobile
phase hexane-ethanol-DEA 100:5:0.1 (v/v/v) the resolution
of two racemic samples and the critical pair TMD*/M1*
was at least 3.17 in the temperature range investigated. Dif-
ferently, the chemoselectivity of the Chirapak IG-3 CSP in
presence of the eluent with higher ethanol content was
deeply conditioned by temperature. As shown in Figure 2,
increasing the column temperature from 15 to 25◦C the
sequence of the elution of the critical pair reversed yielding
a partial peak overlapping. However, with the temperature
above 25◦C, the resolution got back to being complete yet.

3.2 Chemo- and enantioselective HPLC
analysis of TMD andM1 under green
conditions

To explore the chiral ability of the Chiralpak IG-3 CSP
in green elution mode, an analytical strategy based on
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TABLE 1 Chromatographic results in normal-phase conditions

Entry Mobile phase k1TMD k1M1 α TMD αM1 α *1 RsTMD RsM1 Rs*1

1 n-Hexane-EtOH-DEA 100:10:0.1 1.27 1.59 1.21 1.20 1.04 2.60 2.40 <1
2 n-Hexane-IPA-DEA 100:10:0.1 1.39 2.13 1.54 1.04 1.00 6.95 <1 NR
3 n-Hexane-EtOH-MTHF-DEA 100:5:5:0.1 1.15 1.96 1.21 1.10 1.41 2.31 1.17 4.42
4 n-Hexane-EtOH-EA-DEA 100:5:5:0.1 1.23 2.07 1.19 1.15 1.42 2.24 2.01 4.82
5 n-Hexane-EtOH-DCM-DEA 100:5:5:0.1 1.28 2.37 1.21 1.06 1.53 2.64 0.85 6.35
6 n-Hexane-IPA-MTHF-DEA 100:5:5:0.1 1.37 2.37 1.39 1.05 1.24 5.06 NR <1
7 n-Hexane-IPA-EA-DEA 100:5:5:0.1 1.37 2.68 1.36 1.00 1.44 4.79 NR 5.28
8 n-Hexane-IPA-DCM-DEA 100:5:5:0.1 1.26 2.23 1.38 1.00 1.29 5.40 NR 3.39

1Enantioseparation and resolution factors of the critical pair second eluted enantiomer of TMD/first eluted enantiomer of M1.
Chromatographic conditions: column, Chiralpak IG-3 (250 mm x 4.6 mm, 3 μm); flow rate, 1 ml min–1; temperature, 25◦C; detection, UV at 270 nm. Abbrevia-
tions: DCM: dichloromethane; DEA, diethylamine; EA: ethyl acetate; EtOH: ethanol; IPA: 2-propanol; MTHF: 2-methyltetrahydrofuran; NR: not resolved; TMD,
tramadol.

F IGURE 2 Variable-temperature high-performance liquid chromatography (HPLC) single-run resolution of tramadol and
O-desmethyltramadol using n-hexane-ethanol-diethylamine (DEA) 100:5:0.1 (v/v/v) (left side) and n-hexane-ethanol-DEA 100:10:0.1 (v/v/v)
(right side) as mobile phases. Chromatographic conditions: column, Chiralpak IG-3 250 mm × 4.6 mm-; flow-rate, 1.0 mL min−1; temperature,
from 15 to 35◦C; detection, UV at 270 nm

ethanol as an organic modifier and gradual, step-by-step,
changes in chromatographic conditions was developed
[18]. As reported in Figure 3, under the polar organic
mobile phase ethanol/DEA 100/0.1 a good enantiosepara-
tion of M1 and the critical pair TRMD*/M1* was achieved
(Rs > 1.73). On the other hand, the resolution between
the enantiomers of TMD was only 0.67. By keeping the
column temperature at 25◦C and decreasing the flow rate
from 0.5 to 0.3 mL min–1, the resolution factor value of

TMD slightly increased to 0.93. In the successive step,
the column temperature has decreased to 15◦C. Further
decreases in temperature improved the resolution factor of
TMD (from 0.93 to 1.18) and M1 (from 2.08 to 2.60). As a
final step of the optimization protocol, water was added to
ethanol/DEA until it yielded 20%. Under reversed-phase
conditions, the test compounds were satisfying resolved
(Rs > 1.77), without increasing dramatically the analysis
time (<30 min).

 25731815, 2022, 5, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/sscp.202200009 by U

niversity D
i R

om
a L

a Sapienza, W
iley O

nline L
ibrary on [16/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



CANTATORE et al. 103

F IGURE 3 Chromatograms showing the high-performance liquid chromatography (HPLC) method development for the simultaneous
separation of the enantiomers of tramadol and O-desmethyltramadol under reversed-phase mode. Chromatographic conditions: (A) eluent,
ethanol-diethylamine (DEA) 100:0.1 (v/v); temperature, 25◦C; flow-rate, 0.5 mL min−1; (B) eluent, ethanol-DEA 100:0.1 (v/v); temperature,
25◦C; flow-rate, 0.3 mL min−1; (C): eluent, ethanol-DEA 100:0.1 (v/v); temperature, 15◦C; flow-rate, 0.3 mL min−1; d): eluent,
ethanol-H2O-DEA 80:20:0.1 (v/v/v); temperature, 15◦C; flow-rate, 0.3 mL min−1; (A–D): detection, UV at 270 nm

The proposed green reversed-phase HPLC method was
highly linear in the concentration range 280–1.4 μg mL–1
for both racemic test compounds (correlation coefficient
(r2) values ≥ 0.999). The LOQ values were 1.14 and
1.16 μg mL–1 for (+)-TMD and (-)-TMD, and 1.33 and
1.40 μg mL–1 for (+)-M1 and (-)-M1, respectively.

4 CONCLUSIONS

The present study demonstrated that the Chiralpak IG-3
column provides adequate chromatographic properties for
the simultaneous separation of the enantiomers of TMD
and M1 under normal- and reversed-phase conditions.
Furthermore, the ACMPC-based CSP allows a baseline
separation of the test compounds under isocratic elution
using ethanol as an organic modifier. The use of the

optimized chemo- and enantio-selective protocol may
be a valid tool for an evaluation of the pharmacological
effects of the enantiomers of TMD and M1 as well as their
metabolism and the influence of genetic polymorphisms
on their activity.

ACKNOWLEDGMENT
The authors are grateful toMr. L. Zanitti andMs. A. Mosca
for their technical assistance.

FUNDING INFORMATION
The authors thank for financial support: AIRC IG 2020,
code n. 24703 to RS; Institute Pasteur Italy - Fondazione
Cenci Bolognetti, call 2019 under 45, to GLR.

CONFL ICT OF INTEREST
The authors have declared no conflict of interest.

 25731815, 2022, 5, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/sscp.202200009 by U

niversity D
i R

om
a L

a Sapienza, W
iley O

nline L
ibrary on [16/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



104 CANTATORE et al.

DATA AVAILAB IL ITY STATEMENT
The data that support the findings of this study are avail-
able on request from the corresponding author. The data
are not publicly available due to privacy or ethical restric-
tions.

ORCID
RobertoCirilli https://orcid.org/0000-0001-6346-1953

REFERENCES
1. Subedi M, Bajaj S, Kumar MS, Mayur YC. An overview of tra-

madol and its usage in painmanagement and future perspective.
Biomed Pharmacother. 2019;111:443–51.

2. Grond S, Sablotzki A. Clinical pharmacology of tramadol. Clin
Pharmacokinet. 2004;43:879–923.

3. Gillen C, Haurand M, Kobelt DJ, Wnendt S. Affinity, potency
and efficacy of tramadol and itsmetabolites at the cloned human
mu-opioid receptor. Naunyn Schmiedebergs Arch Pharmacol.
2000;362:116–21.

4. Zebala JA, Schuler AD, Kahn SJ, Maeda DY. Desmetramadol is
identified as a G-protein biased μ opioid receptor agonist. Front
Pharmacol. 2019;10:1680.

5. Zebala JA, Searle SL, Webster LR, Johnson MS, Schuler AD,
Maeda DY, Kahn SJ. Desmetramadol has the safety and
analgesic profile of tramadol without its metabolic liabili-
ties: consecutive randomized, double-blind, placebo- and active
comparator-controlled trials. J Pain. 2019;20:1218–35.

6. Rosetti A, Ferretti, R, Zanitti L, Casulli A, Villani C, Cirilli R.
Single-run reversed-phaseHPLCmethod for determining sertra-
line content, enantiomeric purity, and related substances in drug
substance and finished product. J Pharm Anal. 2020;10:610–6.

7. Ardakani YH, Mehvar R, Foroumadi A, Rouini MR. Enantiose-
lective determination of tramadol and its main phase I metabo-
lites in human plasma by high-performance liquid chromatog-
raphy. J Chromatogr B. 2008;864:109–15.

8. Musshoff F, Madea B, Stuber F, Stamer UM. Enantiomeric
determination of tramadol and O-desmethyltramadol by liq-
uid chromatography-mass spectrometry and application to post-
operative patients receiving tramadol. J Anal Toxicol. 2006;30:
463–467.

9. Pedersen RS, Brosen K, Nielsen E. Enantioselective HPLC
method for quantitative determination of tramadol and O-
desmethyltramadol in plasma and urine: application to clinical
studies. Chromatographia 2003;57:279–85.

10. Senanayake CH, Jerussi TP, Grover PT, Fang QK, Currie M. Tra-
madol analogs and uses thereof. Patent WO2003048113A1. June
12, 2003.

11. Elsing B, Blaschke G. Achiral and chiral high-performance liq-
uid chromatographic determination of tramadol and its major
metabolites in urine after oral administration of racemic tra-
madol. J Chromatogr. 1993;612:223–30.

12. Cirilli R, Carradori S, Casulli A, Pierini M. A chromatographic
study on the retention behavior of the amylose tris(3-chloro-5-
methylphenylcarbamate) chiral stationary phase under aqueous
conditions. J Sep Sci. 2018;41:4014–21.

13. Díaz Merino ME, Echevarría RN, Lubomirsky E, Padró JM,
Castells CBM. Enantioseparation of the racemates of a num-
ber of pesticides on a silica based column with immobilized
amylose tris(3-chloro-5-methylphenylcarbamate). Microchem J.
2019;149:103970.

14. Petrie B, Camacho-Munoz D. Environmentally friendly analyt-
ical method to assess enantioselective behaviour of pharma-
ceuticals and pesticides in river waters. Sustain Chem Pharm.
2021;24:100558.

15. Pandya PA, Shah PA, Shrivastav PS. Simultaneous enantiosep-
aration and simulation studies of atenolol, metoprolol and pro-
pranolol on Chiralpak IG column using supercritical fluid chro-
matography. J Pharm Anal. 2021;11:746–56.

16. Zhang T, Kientzy C, Franco P, Ohnishi A, Kagamihara
Y, Kurosawa H. Solvent versatility of immobilized 3,5-
dimethylphenylcarbamate of amylose in enantiomeric sep-
arations by HPLC. J Chromatogr A. 2005;1075:65–75.

17. Panella C, Ferretti R, Casulli A, Cirilli R. Temperature
and eluent composition effects on enantiomer separation of
carvedilol by high-performance liquid chromatography on
immobilized amylose-based chiral stationary phases. J Pharm
Anal. 2019;9:324–31.

18. Cantatore C, Bertocchi P, De Orsi D, Panusa A, Cirilli R. Enan-
tioselective HPLC analysis of Escitalopram oxalate and its impu-
rities using a cellulose-based chiral stationary phase under
normal- and green reversed-phase conditions. J Sep Sci. 2022;
1–8.

How to cite this article: Cantatore C, La Regina
G, Ferretti R, Silvestri R, Cirilli R. Single-run
chemo- and enantio-selective high-performance
liquid chromatography separation of tramadol and
its principal metabolite, O-desmethyltramadol,
using a chlorinated immobilized amylose-based
chiral stationary phase under multimodal elution
conditions. Sep Sci plus. 2022;5:99–104.
https://doi.org/10.1002/sscp.202200009

 25731815, 2022, 5, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/sscp.202200009 by U

niversity D
i R

om
a L

a Sapienza, W
iley O

nline L
ibrary on [16/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-6346-1953
https://orcid.org/0000-0001-6346-1953
https://doi.org/10.1002/sscp.202200009

	Single-run chemo- and enantio-selective high-performance liquid chromatography separation of tramadol and its principal metabolite, O-desmethyltramadol, using a chlorinated immobilized amylose-based chiral stationary phase under multimodal elution conditions
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Reagents and chemicals
	2.2 | Instruments
	2.3 | HPLC operating conditions

	3 | RESULTS AND DISCUSSION
	3.1 | Enantioseparation of TMD and M1 under normal-phase conditions
	3.2 | Chemo- and enantioselective HPLC analysis of TMD and M1 under green conditions

	4 | CONCLUSIONS
	ACKNOWLEDGMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES


