Determination of the Serotonin Metabolite, 5-Hydroxyindoleacetic Acid (6-HIAA), in Human Cerebrospinal Fluid (CSF), Plasma, and Urine
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Representative Chromatograms: Results:

Examples of chromatography for each method are presented at left. One factor in moving from analysis in urine to analyses in plasma and CSF 1s the need for a much lower
LLOQ. Using the mass transitions of the dansyl derivative yielded approximately a 5-fold improvement in sensitivity on the Sciex 4000. Moving from there to a Sciex 5000
platform (plasma method) provided an additional increase in sensitivity. As the LLOQ 1s lowered, moving from urine to CSF to plasma, more selective chromatographic
measures were needed to separate ever increasing interfering peaks.

Introduction:

Serotonin (5-hydroxytryptamine, 5-HT) 1s a neurotransmitter involved in many physiological functions (sleep, behavior regulation, hemostasis, and gastrointestinal motility).
It also has a role in pathological conditions that include cancer, neurological disorders, and cardiovascular disease. Depending on the condition, certain therapies are designed
to either promote serotonin availability or to inhibit it.

Validation Data:

Extraction recovery of 5S-HIAA from urine was very good, averaging from 70% to 80%. Recovery from plasma and CSF was measured to be slightly lower, but consistent,
ranging from 50% to 60%.

S 8 8 50 2 L NN b o s b o222 NNdmo oo
obb%ii%i@%@i%%%i%i%ii%%%

000000

000000

Monitoring for serotonin in biological fluids can be a useful biomarker for a wide variety of applications. However, it can be difficult to measure the low concentrations of
serotonin in human CSF and plasma. A major inactive metabolite of serotonin, 5-HIAA, circulates in higher abundance, 1s excreted 1n urine, and 1s correlated with serotonin
release. Monitoring for 5S-HIAA concentrations in bodily fluids can serve as a useful surrogate for direct analysis of serotonin and is a valuable option when 5-HIA A biomarker
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Precision and accuracy data for the three methods are given below. All performance data across each curve range were acceptable over three analysis days. Each analysis of
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information 1s already established for a specific therapeutic area.

5-HIA A Human Plasma: Internal Standard

(5-HIAA-DS)

5-HIAA Human CSF: Internal Standard
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5-HIAA Human Urine: Internal Standard
(5-HIAA-DS)

validation samples was carried out using fresh (daily) calibration sample preparations.

Presented here are the validation results for three methods measuring 5S-HIAA 1n human CSF, plasma, and urine. 5-HIAA Human Plasma: LLOQ 5-HIAA Human CSF: LLOQ (5.00 ng/mL) 5-HIAA Human Urine: LLOQ Plasma Precision and Accur?cy _ CSF Precision and Acc.:uracy. _ Urine Precision and AQCuracy _
(1.00 ng/mL) (100 ng/mL) LLOQ Low Mid High 5% Dilution LLOQ Low Mid High 5x Dilution LLOQ Low Mid High 5x Dilution
(1.00ng/ | (5.49ng/ | (27.8ng/ | (89.7ng/ | (500 ng/ (5.00ng/ | (16.6 ng/ | (100 ng/ | (400 ng/ | (2500 ng/ (100 ng/ | (300 ng/ | (2000 ng/ | (8000 ng/ | (50,000 ng/
O 94 94 - mL) mL) mL) mL) mL) mL) mL) mL) mL) mL) mL) mL) mL) mL) mL)
H S_HIAA. MW 1912 % 0.998 5.69 27.0 91.0 549 4.61 17.4 101 358 2380 107 280 2190 9090 59600
? ' o o e 0.966 5.74 28.5 89.2 552 4.67 16.5 99.1 358 2350 101 298 2190 8820 56000
/\/ N . . - 1.03 5.65 27.4 90.5 539 427 15.5 98.8 367 2190 105 310 2320 8250 53300
o o e Run 1 Run 1 Run 1
| OH . . - 0.962 5.71 27.8 94.2 512 4.45 16.1 99.6 380 2270 119 343 2250 8670 58800
/ HO\/\ i 54 g 0.983 5.60 28.1 92.0 503 4.47 16.1 103 352 2200 98.1 302 2090 9110 53500
e \/ \ - 0.970 5.53 27.7 90.0 535 5.21 16.6 99.6 352 2250 102 351 2140 8650 57100
HO NH | 1.03 5.66 27.9 90.2 5.57 17.7 104 398 87.2 291 2290 | 7280
2 A~ e 1.02 5.46 27.3 89.9 5.30 17.9 106 379 102 296 1970 | 7720
\/ N e 1.07 5.51 27.8 91.4 4.82 18.9 103 392 98.5 272 2220 8690
Serotonin, MW 176.2 H = Runz o) 546 | 273 | 88l Run2 | s 50 18.3 105 409 Run2 g6 321 | 2380 | 7660
o 1.01 5.60 27.9 92.0 5.42 18.3 106 386 105 317 2300 | 8010
S F— et SIS N R N e 1.05 5.65 28.4 89.9 6.11 17.7 108 384 97.0 323 2070 8920
5-HIAA Human Plasma: Control Blank 5-HIAA Human CSF: Control Blank 5-HIAA Human Urine: Control Blank 0.865 5.76 27.3 86.3 5.11 19.0 112 410 102 307 1990 8100
Meth odology: 50 . 0.848 | 5.40 27.1 87.1 4.99 18.0 110 417 99.0 316 2090 | 8420
” - - 0.957 5.53 28.0 87.2 5.20 18.4 107 398 103 321 1970 8350
. - o Run 3 Run 3 Run 3
Human Plasma Human CSF Human Urine - . o 0.877 5.48 27.4 86.4 4.80 18.0 111 404 98.7 309 2070 8090
: : . g = 0.914 5.57 27.7 90.3 5.05 16.2 108 411 102 308 2010 8610
Calibration Range 1.00 to 100 ng/mL 5.00 to 500 ng/mL 100 to 10,000 ng/mL : : - 0886 5 48 - " s o4 126 14 203 107 207 5060 0450
Sample Extraction : Overall |6 g 1.9 1.6 2.5 3.7 Overall | 10,0 6.2 4.4 5.5 3.4 overall | 6.1 6.3 6.0 6.0 4.7
Sample volume 0.100 mL 0.100 mL 0.200 mL . : i %CV ‘ ' ' ‘ ‘ %CV ' ‘ ' ' ' %CV ' ' ' ' '
Internal standard 10.0 uL of 5S-HIAA-D5 10.0 uL of 5-HIAA-DS5 20.0 uL of 5-HIAA-DS5 o ?Ve.rall 3.1 1.6 0.4 0.1 6.4 ?Ve.rall 1.6 5.4 5.0 3.5 9.2 ?Ve.rall 1.0 33 7.0 4.8 12.8
solution added (2.00 pg/mL) (6.00 ug/mL) (30.0 pg/mL) gg - - foBias foBias foBias
. Reagent added o .Ac.etlc Ac:1d. | o .Ac.etlc ACld. | | F}ly.cln.e HCI (pH 3) | Stability testing was done 1n unaltered, authentic plasma, CSF, and urine samples. Available lots were screened to find individual batches that had an appropriate concentration .
Liquid extraction Liquid-liquid extraction with | Liquid-liquid extraction with | Liquid-liquid extraction with to represent a low 5-HIAA level. Where applicable, the QC pool was fortified with a 5-HIAA spiking solution in order to achieve a target concentration (QC high pools). The
2.00 mL ethyl acetate 2.00 mL ethyl acetate [.60 mL MtBE : . stability samples were originally analyzed over the course of two runs to calculate mean anchor values for each pool prior to stressing.
Organic fraction L R S e e e e e — — : —
treatment Evaporated to dryness Evaporated to dryness Evaporated to dryness 5-HIAA Human Plasma: Subject Sample 5-HIAA Human CSF: Subject Sample 5-HIAA Human Urine: Subject Sample Plasma S.tab'"ty - CSF Stablllty - - Urine Sta.b"'ty - -
Reconstitution 0.300 mL of dansyl chloride re- | 0.300 mL of dansyl chloride re- . at 4.06 ng/mL at 16.0 ng/mL at 104 ng/mL High Stability o/ Biag Low Stability o/ Bias High Stability o/ Biag Low Stability o/ Biag High Stability o/ Bias Low Stability o/ Biag
treatment agent agent 0.200 mL mobile phase A (89.7 ng/mL) (5.49 ng/mL) (400 ng/mL) (16.6 ng/mL) (8000 ng/mL) (550 ng/mL)
» o - - 92.1 2.7% 5.55 1.1% 398 -0.5% 16.3 -1.8% 7640 -4.5% 546 -0.7%
LC Analysis - . - 24 hrs @ 88.0 1.9% 5.52 0.5% | | 24hrs@ 401 0.3% 16.7 0.6% | | 24 @ 7720 3.5% 541 1.6%
Column (temp.) 60°C 60°C 40°C - - - ]I 88.9 -0.9% 5.46 0.5% RI 407 1.8% 16.6 0.0% ]I 7450 6.9% 573 4.2%
Mobile phase A Water / formic acid / Water / formic acid / Water / acetic acid - - 5 cycle 91.7 2.2% 5.19 55% | | 5cycle 409 2.3% 17.5 54% | | 5cycle 7470 -6.6% 548 -0.4%
ammonium hydroxide ammonium hydroxide . - freeze/ 88.1 -1.8% 5.56 1.3% freeze/ 406 1.5% 17.8 7.2% freeze/ 7670 -4.1% 535 -2.7%
: THF / methanol / formic acid / | Acetonitrile / water / formic Methanol / water / = - thaw 87.4 -2.6% 5.46 -0.5% thaw 395 -1.3% 17.5 5.4% thaw 7610 -4.9% 556 1.1%
Mobile phase B ammonium hydroxide acid / ammonium hydroxide AMIonium acetate - - = 122 hrs 91.2 1.7% 5.13 6.6% | | 195 hrs 409 2.3% 19.5 17.5% | | 115 hrs 3830 10.4% 622 13.0%
Gradient 43% B at 0.6 mL/min 40% B at 0.5 mL/min 15% to 30% B over - - - extract 90.6 1.0% 5.72 4.2% extract 391 -2.3% 17.7 6.6% extract 8640 8.0% 589 7.0%
AT T T Do AL (1) i e A S e ot (1) 3 sl - - = stab. 92.3 1.9% 5.29 3.6% stab. 398 10.5% 17.7 6.6% stab. 8810 10.1% 638 16.0%
Injection volume 10.0 pL 5.00 pL 5.00 pL Matrix effects for each method were tested by measuring endogenous levels 1n six different lots of unaltered matrix. These same lots were fortified with additional 5S-HIAA by
MS-MS s - spiking an aliquot of each with a standard solution. A target value was calculated for each matrix lot and compared to the found value. These results are presented below.
Instrument Sciex 5000 Sciex 4000 Sciex 4000 s e T Gy T R T ——
o 5-HIAA: 425 — 156 5-HIAA: 425 — 156 5-HIAA: 190 — 146 5-HIAA Human Plasma: ULOQ 5-HIAA Human CSF: ULOQ (500 ng/mL) 5-HIAA Human Urine: ULOQ Matrix Effect Matrix Effect Matrix Effect
fon transitions 5-HIAA-D6: 430 — 156 5-HIAA-D6: 430 — 156 5-HIAA-D6: 195 — 151 (100 ng/mL) (10,000 ng/mL) in Unaltered Human Plasma in Unaltered Human CSF in Unaltered Human Urine
o g Lot Endrogenous Amount A];?giil g A’IIE(E?JIII : | Endrogenous Amount Ajr;(l)(z?lln . A;I;;)g?lln . | Endrogenous Amount A};i)(t)iln g A};fgiln . |
g o 4 Amount Found Added Brqsseied Found %Bias | Amount Found Added Dot Found %Bias | Amount Found Added Dot Found %Bias
L . é%% emb) | eemb) ] ngml) | (ng/mL) emb) | eemb) ] ngml) | (ng/mL) (mefmb) | b | (ng/mL) | (ng/mL)
Elimination Method for Blank Control Matrix: = : 1 7.66 1.00 3.66 830 | -4.2% 12.5 5.00 175 175 0% 1140 1000 2140 2190 | 2.3%
In plasma, CSF, and urine, endogenous 5-HIAA was removed in order to generate blank control matrix. This procedure utilized sodium hypochlorite = = - 2 7.91 1.00 8.91 8.97 0.7% 16.3 5.00 21.3 21.6 1.4% 1450 1000 2450 2540 | 3.7%
as a strong oxidizer to attack the sensitive indole substructure of 5S-HIAA. = =~ 3 8.28 1.00 9.28 9.50 2.4% 20.4 5.00 25.4 237 | -6.7% 1160 1000 2160 2300 6.5%
= 4 4.15 1.00 5.15 480 | -6.8% 17.7 5.00 22.7 222 | 22% 706 1000 1706 1690 | -1.2%
= = 5 6.76 1.00 7.76 8.95 15% 12.4 5.00 17.4 168 | -3.4% 1170 1000 2170 2160 | -0.5%
Volume of matrix 10 mL of plasma, CSF, or urine = o 6 10.6 1.00 11.6 18 | 1.7% 17.7 5.00 2.7 23.0 | 1.3% 1550 1000 2550 2650 | 3.9%
Sodium hypochlorite added 0.100 mL =
Incubation 90 minutes at 60° C = = . _
Neutralization 0.0300g asorbic acid . N N - Conclusions:

The serotonin metabolite, 5-HIAA, 1s an important biomarker for serotonin release and activity. The response found 1n blood, CSF, and urine can be a useful tool for certain
treatments affecting serotonin status. Because serotonin has previously been a challenging compound to measure 1n biological fluids, 5-HIA A measurements are well established
in literature. The ability to expand on this base of information 1s valuable to maintaining continuity within the neurotransmitter arena. These methods are targeted towards
investigating serotonin status within the central nervous system, as well as systemically.



