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ABSTRACT

Objective: The endocannabinoid system plays an important modulatory role in brain
physiology, pain sensation, appetite regulation, cardiovascular system, female repro-
ductive system and the immune system. The endogenous ligands of cannabinoid recep-
tors, anandamide (ANA) and 2-Arachidonylglycerol (2-AG) have been identified in var-
ious mammalian tissues. However, it difficult to quantify them accurately in blood and
in tissues since these endogenous cannabinoids are found in small amount and they are
metabolized very quickly. In order to quantify ANA and 2-AG from blood accurately, it
was aimed (a) to determine pre-analytical conditions in blood sampling procedure, (b) to
improve extraction process and quantification of ANA and 2-AG in plasma samples by
HPLC, and (c) to determine storage conditions and period of these metabolites.
Method: Rat blood samples were obtained by intra-cardiac puncture and centrifuged
immediately. ANA and 2-AG plasma levels were determined with the PMB-Immobi-
lized Beads Affinity Chromatography Method followed by HPLC analysis.

Results: Immediate centrifugation at 0°C prevented artificial synthesis of ANA and
2-AG. Derivatization step using toxic chemicals was omitted. Furthermore, the volume
of the plasma samples was decreased from 3 ml to 1 ml plasma. This may allow design-
ing longitudinal rat studies without the termination of the animals. For the first time, it
was shown that ANA and 2-AG could be stored as plasma and ethanol extracts for dif-
ferent time periods at -80°C at least for one week.

Conclusion: The measurement protocol was simplified and safer. In addition, sample
volume was decreased and storage conditions were optimized.

Key Words: Anandamide, 2-arachidonylglycerol, plasma, sample storage, nontoxic
HPLC method

OZET

Amag¢: Endokannabinoid sisteminin beyin fizyolojisi, ac1 algisi, istahin diizenlenmesi,
kardiyovaskiiler sistem, kadin tireme sistemi ve bagisiklik sistemi tizerinde diizenleyici
etkisi bulunmaktadir. Kannabinoid reseptorlerinin endojen ligandlar: anadamid (ANA)
ve 2-arasidonilgliserol (2-AG) bir ¢cok memeli dokusunda tespit edilmistir. Ancak bu
endojen kannabinoidler dokularda ve kanda az miktarda bulunmalar1 ve ¢ok hizli meta-
bolize olmalar1 miktarlarinin dogru 6l¢iilmesini zorlagtirmaktadir. Bu ¢alismanin ama-
ct ANA ve 2-AG’nin kandan hatasiz ve dogru 6lgiilebilmesi i¢in (a) kan drneklerinin
elde edilmesinde analitik 6l¢iim Oncesi sartlarin belirlenmesi, (b) ANA ve 2-AG’nin
plazma 6rneklerinden ekstraksiyonu ve HPLC yontemi ile nicel olarak belirlenmesinin
gelistirilmesi, ve (c) bu metabolitlerin saklama kosullar ile siiresinin belirlenmesini
icermektedir.

Yontem: Intrakardiyak aspirasyon yontemiyle elde edilen sican kan drnekleri bekletil-
meden santrifiij edilmistir. ANA ve 2-AG plazma diizeyleri “PMB-Immobilize Kiire-
cikli Segici Kromatografi Yontemi (PMB-Immobilized Bead Affinity Chromatography
Method)” ni takiben HPLC yontemi ile 6l¢iilmiistiir.

Bulgu: Kan 6rneklerinin 0°C derecede santrifilj edilmesinin yapay ANA ve 2-AG artisi-
n1 6nledigi tespit edilmistir. Toksik kimyasallarin kullanildig1 derivatizasyon basamagi
yontemden ¢ikarilarak ol¢limlerde kullanilan plazma miktar:t 3 mlI’den 1 ml’ye indi-
rilmis, boylece hayvanlarin sonlandirilmadan uzun siireli ¢aligmalarda kullanilmasina
olanak saglanmistir. Ayrica plazma ve etanol icerisinde ki ANA ve 2-AG’nin -80°C
derecede saklama siirelerinin farkli olsa da en az 1 hafta boyunca bozulmadan koruna-
bildigi ilk kez bu ¢alismada gosterilmistir.

Sonug: Olgiim metotu basitlestirilerek daha giivenli hale getirilmistir. Buna ek olarak
ornek hacmi azaltilmis ve saklama kosullar1 optimize edilmistir.

Anahtar Kelimeler: Anandamid, 2-Arasidonilgliserol, plazma, madde kararliligi, non-
toksik HPLC metodu
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Introduction

The endocannabinoid system is a complex and well or-
chestrated network that includes at least two cannabi-
noid receptors (CB1 and CB2) identified in the central
[1] and peripheral nervous systems [2- 4], enzymes tak-
ing part in anabolic and catabolic metabolism such as
monoacylglycerol lipase and fatty acid amide hydrolase,
and finally transporters carrying these molecules to tis-
sues of interest. This system is regulated by endogenous-
ly synthesized lipid derivatives called endocannabinoids.
The first endocannabinoids, anandamide (ANA) and
2-arachidonylglycerol (2-AG) have been identified in
various mammalian tissues [5- 8]. Several others have
been isolated so far; however, there is still a need for
detailed studies to identify their function in living or-
ganisms. It has been clearly shown that ANA and 2-AG
play important modulatory roles in brain physiology [9],
pain sensation [1, 10], appetite regulation and obesity
[11], immune response [12, 13], cardiometabolic risk
[14] and female reproductive health [15, 16]. Since varia-
tions in the levels of endocannabinoids are determinants
of disorders, the potential therapeutic impact of endo-
cannabinoid related drugs have become a popular topic.
For these reasons, clinical application of lipidomics to
help determine and quantify these circulating endocan-
nabinoids plays an important role in the prevention and
treatment of these disorders and was studied by many
scientists.

The biosynthetic pathways of the endocannabinoid ANA
was also reviewed in the literature [17]. Since ANA and
2-AG have important roles in the regulation of various
physiological processes, it is important to develop ac-
curate extraction and quantification methods for the
endocannabinoids ANA and 2-AG. Several methods are
currently used to quantify endocannabinoids including
(a) HPLC [18, 19], (b) HPLC/ RAD [20], (c) HPLC/MS
[21] and (d) HPLC/MS-MS [22]. However, these sophis-
ticated methods are rarely accessible and extremely ex-
pensive. The rationale in improving the extraction and
quantification methodology of conventional HPLC will
enable us to measure ANA and 2-AG precisely.

Extraction and quantification of endocannabinoids re-
quires partial purification and chemical derivatization
of the endocannabinoids [1]. Since ANA and 2-AG are
found at very low concentrations (pmol/ml plasma) in
biological samples, it is difficult to use the purification
step including organic solvent extraction followed by
thin-layer chromatography (TLC) or silica gel column
chromatography. Pre-purification steps of ANA and
2-AG are variable and time-consuming.

A recent study developed a Polymyxin B-immobilized
bead affinity chromatography technique combined with
High-performance liquid chromatography (HPLC) [23].
Using affinity chromatography instead of organic sol-
vent extraction and HPLC instead of GC/MS simplified
ANA and 2-AG measurements. However, it contains the
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use of toxic chemicals in the derivatization and quanti-
fication steps.

The aim of this study was (a) to detemine pre-analytical
conditions without exvivo synthesis in reduced volume
of plasma, (b) to improve the Polymyxin B-selective
adsorption followed by HPLC methodology to quantify
ANA and 2-AG concentration in plasma by omitting the
derivatization step and (c) to identify storage time and
conditions of the extracted metabolites.

Material and Methods

Sample

The studies were carried out in accordance with the
Guiding Principles in the Use of Animals in Experi-
ments as adopted by the Hacettepe University Ethical
Committee with the certification on 05/09/2006 and ap-
proval number 2006/53-8. Blood samples were collected
by intracardiac aspiration into tubes containing 4.5 nM
EDTA.

PMB-Immobilized Beads Affinity Method

The plasma was obtained by centrifugation of blood
samples at 2000 g for 10 minutes at 0°C. ANA and
2-AG were isolated from plasma samples by PMB-Im-
mobilized Beads Affinity Method modified from Wang
[23].

1 mM phenylmethylsulfonylfluoride (PMSF) was added
to 1 ml plasma in order to inhibit fatty acid amide hy-
drolase (FAAH) activity. The plasma was diluted with
3 ml ice-cold saline solution (isotonic NaCl solution,
0,9% w/v). 1 ml of 50% Affi-Prep Polymyxin B suspen-
sion was added and shaken for 1 hour at 4°C. After the
binding process, beads were transferred to a microchro-
matography column (0.5 % 3 cm) and washed twice with
3 ml ice-cold saline solution. Remaining saline was re-
moved by centrifugation at 5000 g for 3 minutes at 0°C.
Anandamide and 2-AG were eluted from the beads by
applying two times 200 ul of ice-cold absolute ethanol
and centrifugation at 5000 g for 3 minutes at 0°C. The
extraction step was carried out on ice and the extracts
were kept at -20°C up to the HPLC injections through
the bench work, otherwise at -80°C.

HPLC Analysis

The ANA and 2-AG contents of plasma samples were
quantified by HPLC according to the procedures modi-
fied from Wang (23) and Koga (24). The HPLC System
(Varian ProStar, United States) equipped with a Prostar
Pump 240, ProStar PDA Detector 330 and ProStar Autos-
ampler 410 (VARIAN) was used. Separation was carried
out on a TSK gel ODS 80 TM (75 mm X 4.6 mm x 5 um)
column (TOSOH, Tokyo, Japan) with an elution solution
of acetonitrile and water (80:20, v/v) at a flow rate of 1
ml/minute. Absorbance was monitored at 204 nm wave-
length. 100 pl of the eluted sample from the PMB-im-
mobilized beads column was injected to the HPLC. The
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ANA and 2-AG standards were purchased from SIGMA.
The stock standard solutions were prepared with ice cold
absolute ethanol and the all dilutions were done with ice
cold ethanol. All samples were examined as duplicates
and quantified with double injection. The quantifica-
tion of the ANA and 2-AG contents of the samples were
based on the standard curve ranging from 25 pmol to 8
nmol/ml.

Precision and Accuracy

The precision of the procedure was evaluated by analyz-
ing the standard mix with respect to the recovery of the
spiked standard, intra-run repeatability and between-
day repeability. LOD and LOQ were found as 15 and 50,
respectively (S/N is 5). The intra-run repeatability was
determined by analyzing ANA and 2-AG in 4nmol con-
centrations in 6 consecutive injections in the same day.
The coefficient of variation (CV%) for ANA and 2-AG
concentrations were found as 3.25 % and 4.75 %, respec-
tively. The between-day repeatability was determined
by analyzing the same standard mix in 5 consecutive
days and CV% values of ANA and 2-AG concentrations
were calculated as 3.25 % and 4.75% , respectively.

The spiked plasma samples were analyzed according to
the procedure described above. The accuracy was deter-
mined by comparing the results from analyses of spiked
plasma samples with results from analyses of standard
mix in the known concentration. The recoveries were
found as 96.22 % and 96.97 % for ANA and 2-AG, re-
spectively.

Results and Discussion

This study was achieved to develop a sensitive method
for the extraction and quantitative determination of the
endocannabinoids ANA and 2-AG from plasma with-
out any exvivo artificial synthesis. First, pre analytical
conditions were determined following a modified HPLC
method by eliminating the time consuming and toxic de-
rivatization procedure which contains hazardous chemi-
cals. Second, we reduced the sample volume to 1 ml in
order to give the opportunity for longitudinal rat or mice
studies. Finally, we determined the suitable storage time
and conditions for ANA and 2-AG stored as either plas-
ma or ethanol extracts.

Extraction and quantification of ANA and 2-AG in pe-
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ripheral circulation is challenging. Handling and storage
conditions after blood sampling play important role in
accurate quantitative profiling of the circulating endo-
cannabinoids. Several studies tried to explain ex vivo
synthesis of ANA and 2-AG from erythrocytes at diffe-
rent temperatures ranging from 4°C to room temperatu-
re [25, 26]. Therefore, collecting blood in to the suitable
tube and immediate centrifugation at 0°C is a critical
step and is strictly recommended in endocannabinoid
quantification. In this study, ANA and 2-AG plasma
concentrations did not fluctuate due to the standardized
pre-analytical protocol.

In previous studies, the volume of the plasma used for
endocannabinoid determination was at least 2 ml [21,
23]. To obtain 3ml plasma from the rat and mice causes
termination. In this study 500 ul to 1 ml of plasma was
used. This approach gave the opportunity to work sam-
ples in duplicates without the need of termination of the
animals. We not only reduced the plasma volume, but
also modified the percent of plasma of the sample solu-
tion. Reducing the plasma volume to 1 ml and diluting
it with 3 volumes of ice-cold saline solution improved
selective binding affinity of the PMB-immobilized
beads to ANA and 2-AG. Furthermore, it prevented
intense interference of other lipids and proteins in the
plasma. A clear separation between elutes by HPLC was
observed (Figure 1). Diluted plasma naturally prevented
non-selective binding and improved the affinity of ANA
and 2-AG to the beads resulting in cleaner samples. We
noticed that binding efficiencies of ANA and 2-AG on
PMB-immobilized beads were excellent as we could not
measure any ANA or 2-AG concentrations in the wash-
ing saline solution. ANA and 2-AG were not measured
in the third washing solution indicating that two times
washing with 3 ml saline was sufficient to detect the
present metabolites.

Following these optimizations, ANA and 2-AG ap-
peared as two separate peaks, in the fractionation step,
with the retention times 3.2 and 3.9 minutes, respectively
(Figure 1). There was a small shift in the retension times
of ANA and 2-AG between the plasma and the commer-
cial standard which was negligible and confirmed with
spiking the samples with the known concentrations of
the commercial standard.

The endocannabinoids ANA and 2-AG obtained from

2-AGmetaboite

Minutes

Figure 1. Chromatogram of rat plasma sample (Black line) and the synthetic standards for ANA and 2-AG (red line). ANA has a retention time
of 3.2 minutes whereas 2-AG has a retention time of 3.9 minutes. The 2-AG metabolite appears as a second peak after 2-AG with a retention

time of 4.2 minutes as shown on the sample chromatogram.
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plasma were identical to the chromatogram of the stan-
dards where 2-AG appeared as two peaks labeled as
2-AG and its metabolite. Although 2-AG binds to CBI
and CB2, its metabolites do not show any affinity to
these receptors and are known to be biologically inactive
[27]. Therefore, it was aimed to determine 2-AG sepa-
rately from its metabolite. Interestingly, concentration
of 2-AG metabolite was higher in the plasma samples
compared to the standards which may be explained with
enzymatic degradation of 2-AG in literature [28]. PMSF
was used to inhibit the FAAH enzyme which takes part
in the breakdown of ANA and 2-AG. The concentration
of 2-AG metabolites were always higher than that of the
2-AG itself indicating that PMSF was not able to pre-
vent the breakdown of 2-AG. Previous studies showed
that PMSF was able to inhibit the breakdown of 2-AG
by only 80% and additional enzymatic activity, possi-
bly monoacylglycerol lipase (MGL) was responsible for
2-AG degradation. MGL activity was inhibited by meth-
yl arachidonoyl fluorophosphonate (MAFP) [29].

The derivatization step using 4-(N-chloroformylmethyl-
N-methyl) amino-7-N,N-dimethylaminosulphonyl 1-2,
1,3-benzoxadiazole (DBD-COCI) dissolved in benzene
at 60°C for 40 minutes as described by Wang [23] and
Koga [24] was also mimicked in this study, however, this
procedure resulted in bulky samples with a phase sepa-
ration. Injection of these samples caused a rise in the col-
umn atmospheric pressure over the tolerable levels after
around the 15" sample resulting in the shortened column
life time. Moreover, the derivatization did not increase
the sensitivity of the measurements. Since it was pos-
sible to detect ANA and 2-AG in biological levels in
the fractionation step, we eliminated this derivatization
process. By the quantification of ANA and 2-AG with-
out derivatization, it was possible to avoid the usage of
hazardous chemicals and shorten the time of the HPLC
method for at least 1 hour.

Storage of blood samples can endanger accurate quanti-
tative profiling of the circulating endocannabinoids. Al-
though studies tried to determine the effect of freezing

and thawing on plasma and blood samples in endocan-
nabinoid quantification [26], there is a lack in the storage
conditions and period for these molecules in literature.
Therefore, we tried to find suitable storage conditions
and time periods for ANA and 2-AG. Since blood cells
synthesize endocannabinoids in ex vivo conditions [25]
we tried to store the samples either as plasma or ethanol
elutes. All plasma samples were pooled and standards of
ANA and 2-AG were added. Samples were divided into
seperate tubes so that each tube contained 1 ml of plas-
ma. The first group of samples were measured on day
1 as triplicate with double injections. The rest of these
tubes were divided into two equal halves. Half of these
tubes dipped into liquid nitrogen and stored directly as
plasma at -80°C, whereas the rest of the tubes were ex-
tracted to ethanol by the procedure described above and
then dipped into liquid nitrogen before they were stored
as ethanol elutes at the same conditions throughout the
experiment until forthcoming measurement days. The
ANA and 2-AG content of the samples were determined
and measured periodically for two weeks and the results
of 1, 8, 10 and 18 days were given in Table 1.

It was observed that ANA and 2-AG remained stable
for different time courses depending on being stored in
plasma or ethanol at -80°C (Figure 2). ANA was stable
for at least 10 days when it was stored in plasma, on the
other hand it started to decrease after 8 days while it
was stored in ethanol (Figure 2 a, b).

Conclusion

Post handling steps and pre analytical conditions play
important roles in the quantification of circulating en-
docannabinoids. Therefore, immediate centrifugation at
0°C is highly recommended in order to prevent artificial
synthesis that masks the actual level of these metabolites.
With simple optimizations, it was possible to decrease
the sample volume up to 500 ul and thereby prevent-
ing non selective binding by improving the affinity. This
study showed that exclusion of the derivatization step in
the HPLC method eliminates the usage of hazardous and

Table 1. ANA and 2-AG stored at -80°C as plasma and/or ethanol elute.

Day 1 Day 8 Day12 Day 18
TIME OF MEASUREMENTS
(Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)
ANANDAMIDE 514 £ 0.24 5.27 £ 0.20 5.30 =+ 0.08 419+ 0.53
14 £+ 0. 27 £ 0. 30 £ 0. 19+ 0.
STORED (nmol/ 1 ml plasma)
AS
2-ARACHIDONYLGLYCEROL
PLASMA 501 + 0.29 493 + 060 492+ 0.59 3.60 £ 1.24
(nmol/ 1 ml plasma)
ANANDAMIDE 5.81 £ 0.19 4.55 £ 0.22 3.88+ 0.55
STORED (nmol/ 1 ml plasma) B R R
IN
2-ARACHIDONYLGLYCEROL
L e R —— 5.19 + 0.44 498+ 0.77 5.08 £ 0.17
(nmol/ 1 ml plasma)
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Figure 2. (a) ANA stored in plasma did not show any statistically significant difference between the measurements in 1, 8 and 10 day time
points. On the other hand, ANA concentration measured at the 18th day was statistically decreased when compared to the measurements
obtained on the 1st day (p = .05), 8th day (p = .05) and 10th day (p = .05). (b) ANA stored in ethanol was stable at least for 8 days and started

to decline gradually on the 10th day. There was not any significant differe
declined on the 10th day (p = .05) and 18th day (p = .05). (c) The only
plasma was between the 1st day and the 18th day measurements (p = .05)
difference at any measured time point.

toxic chemicals like benzene and DBD-COCI and short-
ens the experiment time at least for 1 hour. For the first
time, we showed that ANA and 2-AG could be stored as
plasma and ethanol extracts for different time periods at
-80°C. The importance of the cold ring through the ex-
traction steps and elution into the ice-cold ethanol were
underlined. As a summary, the measurement protocol
was simplified and become safer. In addition, sample
volume was decreased and storage conditions were op-
timized.
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