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Abstract: A sensitive and rapid method was developed fordégtermination of CAMP in

Locusta migratoria manilensis Meyen by high-perfance liquid chromatography with
fluorescence detection. The cAMP was derivatizedigughloroacetaldehyde and TBAS
buffer/methanol was used as the mobile phase. Actleh quantification of 40 fmol/ml

could be achieved when using fluorescence detectinrHPLC-MS method using DMHA

as an ion-pair agent to analyze cAMP was also dstreted. We studied the effect of
dopamine and other stimulants on cAMP levels fragulated locust central nervous
systems. The new method is well suited for the yamalof cCAMP in small biological

samples.
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1. Introduction

Adenosine 3°,5"-cyclic monophosphate (CAMP), as ub&uitous intracellular second message,
serves diverse functions in both vertebrates aneriabrates. The cAMP signal pathway can transfer
extracellular to intracellular signals through meartes. Some specific receptor activation G-proteins
regulate intracellular cAMP levels via their intetian with adenylate cyclase (AC). Intracellular
CAMP levels then regulate protein kinase A (PKA)\aty and PKA in turn regulates specific gene
transcription factors to modulate functions in tel. So the determination of cAMP has great
practical importance for pharmaceutical and biomadiresearch. Locusta migratoria manilensis



Int. J. Mol. Sci. 2006, 7 267

Meyen is a species of locust living in East Asiacdn flight from one country to another to eatpsro
and is one of the most dangerous pests for pl#stsentral nervous system (CNS) has octopamine
(OA) receptors that could stimulate the activatidadenylate cyclase leading to an increase theRAM
level. We tested the adenylate cyclase assaysiaedcdom isolated locust central nervous systems.
Because the OA receptor doesn’t exist in the hubwaly, the pesticides would be harmless to human
if the target of some pesticides was the OA reaeftious, this test was developed for the seleation
new compounds as pesticides.

The cAMP detection limit of traditional high-perfoance liquid chromatography (HPLC) methods
is about 1 pmol/ml [1], which doesn’t fit the pugmoof detecting about 0.05-20pmol/ml level of insec
extracts. A sensitive and rapid HPLC chromatograptethod was develop and the derivatization
conditions were optimized in our laboratory. Instipaper, we also studied different mobile phases to
improve the detection limit for CAMP.

2. Experimental

Adenosine 3°,5"-cyclic monophosphate (CAMP) sodgatt, tetra-butylammoniumhydrogensulfate
(TBAS), dimethylhexylamine (DMHA), 2-mercaptoethdnaheophylline, and methanol were
purchased from Sigma (St louis, MO, USA). EGTA,sTBase, KHPO,, KOH, NaOH, HCI, MgCl
and chloroacetaldehyde were purchased from Beihgmical Reagents Company. The deionized
water was produced from Millipore (AFAQ certificai® Qual/1991/340 b). The locust samples were
centrifuged with Sigma 3k15 (Made in Germany).

2.1 Locusta migratoria manilensis Meyen samples

Locusta migratoria manilensis Meyen samples weoelyred as follows: The operation was kept at
0°C. The central nervous systems (CNS) of 20 lecustre homogenized in 6 ml of 6 mM Tris-
maleate buffer (pH=7.4) containing 2.0 mM EGTA dnd mM 2-mercaptoethanol. The homogenizer
was motor-driven at 1500 r/min for 10 times. Thie homogenate was centrifuged at 15,000 rpm
(19,118g) for 20 min. The pellet was suspendeddmndhn the same buffer and allowed to stand in an
ice-bath for 15 min. The suspension was centrifuagain at 19,118 g for 20 min.

The pellet was re-suspended by hand in incubatigfebof 80 mM Tris-maleate buffer (pH 7.4)
containing 10 mM theophylline, 8.0 mM MgCD.5 mM EGTA and 1.0 mM 2-mercaptoethanol. The
incubation buffer (140 pl) containing the locushital nervous systems was pre-incubated at 30°C for
15 min with 20 pl of GTP (1 mM), 20 ul of OA (Octamine, 1 mM). The Adenylate cyclase reaction
was initiated by the addition of 20 ul of 20 mM ATFhe reaction mixture was incubated at 30°C for
15 min and terminated by heating at 90°C for 2 [8]n
The mixture was centrifuged at 15,000 g for 30 riinen 200 ul of the supernatant was prepared for
fluorescence derivatization.
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2.2 Derivatization and Chromatography
Both standard samples (200 ul containing 1 fmotenl000 pmol/ml cAMP) and locust samples

(200 pl) were mixed with 20 pl chloroacetaldehydd 200ul of 1.0 M acetate buffer (pH=4.5) and
heated at 80°C for 30 min. Then the samples wepkatod°C immediately. The derivation reaction is

shown as Figure 1.
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Figure 1. Derivatization reaction of CAMP by 2-chloroacetgttyde.

LC pump: Waters 600 controller; Chromatography ooiu Waters SymmetryShiéld RP 18
(150X 3.9 mm I.D., 5um, made in Ireland); Detector: Wat8d75 MultiA Fluorescence Detector
(excitation wavelength: 280 nm, emission waveleng®20 nm) and Waters 2996 Photodiode Array
Detector; System controller: Empower Pro; Auto sempWaters 717 Plus Autosampler; Mobile
phase: containing 10%methanol and 89% TBAS buffer (5.7 mM TBAS, 30.5 mM KHPO,
adjusted to pH 3.0 with 1 M/ml KOH), Column tempera: 25C; Flow-rate: 1.0 ml/min; Injection
volume: 20 pl.

3. Results and Discussion
3.1 Derivatization conditions

We investigated the effect of reaction temperatun@ reaction time for the derivatization. Reaction
temperature was varied from 60°C to 95°C and readiime was varied from 30 min to 120 min
(Figure 2). The highest detector response wasrwddy heating at 80°C for 30 min.
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Figure 2. Effect of time and temperature on the derivatimateaction.
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3.2 HPLC condition

According to correlative reports, both the citriddadipotassium hydrogen phosphate and TBAS
buffer could be used as mobile phase componenthéodetection of adenyl purines [1,3,4]. In order
to improve the detection limit of CAMP, we compatkd citric acid - dipotassium hydrogen phosphate
buffer and the TBAS buffer and found the detectiiomt of CAMP superior using TBAS buffer as
mobile phase. Meanwhile, we also considered otladitons (e.g., pH of mobile phase and the
HPLC column). The use of mobile phase at pH 5.&perted [4] was inferior to pH 3.0. LC columns,
such as Agilent Zorbax Rapid Resolution (15%x2.1 hibn, 3.5 um), Agela Venusil MP-C18 (150x2.1
mm I.D., 5 um) and Waters SymmetryShi#ldRP 18 (156K 3.9 mm I.D., 5 um, made in Ireland)
were evaluated and the Waters SymmetrySHIERP 18 was found to be the most suitable for cCAMP
analysis. The cAMP detection limit when using thaté¥s SymmetryShiely column was about 5.6
times lower than that of Agela Venusil MP and abl®u8 times lower than that of the Agilent Zorbax
column. In order to enhance the sensitivity of F&sgence detector, the attenuation value was gé at
and the gain value was set at 1.

3.3 Calibration graphs

Different concentration standard samples aftervdér@ation (10 fmol/ml to 100 pmol/ml cAMP)
were injected into HPLC. A typical chromatogramcéMP in water(1pmol/ml, 0.1 pmol/ml and 0.01
pmol/ml) is shown in Figure 3. A chromatogram fa limit of detection in water for cAMP at 1
fmol/ml is shown in Figure 4 and an example of aoomtogram of CAMP in the central nervous
system (CNS) of locust using TBAS buffer with HPEC-is shown as Figure 5. Linear calibration
curves (n=4 levels, 2*2 injections) were obtaineddAMP at a concentrations ranging from 1-10 fmol
(y = 2085900x — 414.5, R2 = 0.9997). Analyticaloeeries were tested at two levels of 10 pmol/ml
and 0.1pmol/ml for a locust CNS blank in which tbAMP content was known. A typical
chromatogram of 0.1pmol/ml spiked in locust CNShklas shown in Figure 6.
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Figure 3. Chromatogram of cAMP (1pmol/ml, 0.1 pmol/ml an@Dpmol/ml) in water using TBAS
buffer with HPLC-FL.
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Figure4. Chromatogram of cAMP (1fmol/ml) standard with HREC.
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Figure5. Chromatogram of cCAMP determination in the CN$octist using TBAS buffer with
HPLC-FL.
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Figure6. HPLC-FL chromatogram of a camp spike (0.1pmol/mixilocust CNS.
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3.4 Demonstration of cAMP with HPLC-MS

As reported previously [5], DMHA is a better ionhiag agent than tetra-alkyl ammonium salts for
high-performance liquid chromatography-electrospragiss spectrometry (HPLC-MS) analysis of
nucleosides and nucleotides. So we selected DMH#asn-pairing agent to analyze cAMP.

The instrumentation employed in this HPLC-MS methas an Agilent 1100 series LC-MSD Trap
VL with a reversed-phase column (Agilent Eclipse XBC18 250%x4.6 mm [.D., 5 um). The
temperature of the column was set at 25°C and ¢heéme of injection was 5 pl. The mobile phase
consisted of eluent A, a solution of 8 mM DMHA astied to pH 3.5 with formic acid, and eluent B,
was acetonitrile. The flow-rate was 0.8 ml/min. Tnadient program was as Table 1.

Table 1. The HPLC gradient program with DMHA buffer.

Time(min) A% B%
0.0 95 5.0
6.0 35.0 65.0
8.0 35.0 65.0
9.0 5.0 95.0
13.0 5.0 95.0
14.0 95.0 5.0

The effluent from the HPLC column was diverted taste during the initial 6 min, then to the MS
ion source to avoid background interference andtaromation of the MS spectrometer by the
nonvolatile salts. After 9 min the effluent waselited to waste again.

We studied the negative (-) ionization mode andptbstive (+) ionization mode with HPLC-MS or
HPLC-MS, and found that the negative (-) ionization modesvbetter suited for the analysis of
cAMP. But limit of detection obtained was not asd as that obtained using HPLC-FL with TBAS
buffer. Thus, we used HPLC-MS solely to confirm t#VP in the sample. The MS conditions were
as the follows: ion polarity: negative (-); ion soer ESI; drying temp: 350 °C; nebulizer: 20.00; psi
drying gas: 4.0L/min; trap drive: 52.4; scan: 7@-6&/z.

Both total ion chromatogram (TIC) and extracted ebmomatogram (EIC) modes were studied. A
typical chromatogram of 100 pmol/ml of 3",5"-cAMRthvtotal ion chromatogram mode is shown in
Figure 7. We extracted 134 m/z from 328 m/z withLBRMS? mode, and its chromatogram is shown
in Figure 8.
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Figure 7. Typical chromatogram of 100 pmol/ml 3",5"-cAMRiwH
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3.5 The assay of CAMP from locust

The biogenic amine OA has a prominent role in itss@od other invertebrates as it is involved in
the regulation of multiple physiological events.[@A can stimulate the activation of adenylate
cyclase leading to an increase in cCAMP [2]. The GMi$hvertebrates has the receptor of OA, so we
anatomized the Locusta migratoria manilensis Meyengain access to their CNS. Then we
homogenized and centrifuged the CNS to get theptecef OA. Finally, we added GTP, OA and ATP
to start the Adenylate cyclase assays reaction gnthe action of Adenylate cyclase, ATP was
transformed to CAMP.

The basal content of cAMP without OA was 0.42 +10gnol/locust. With 1ImM OA, the cAMP
concentration reached to 1.51 + 0.01 pmol/locuke fiecoveries of cCAMP (10pmol/ml) in locust CNS
were 100.3 £ 0.6% and the recoveries of 0.1pmokAmMP were 88.5% + 2.6%. The limit of
quantitation (LOQ) of this method (S/N>10) was abd@ fmol/ml in locust sample. Using this
method, we could analyze the effects of OA, OA a&snand OA antagonists in invertebrates to
develop the new pesticides.
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