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Abstract

The MassTrak Amino Acid Analysis Solution provides a reproducible, robust method with easy identification
of the common physiological amino acids. Common compounds detected with the MassTrak AAA Solution
include a wide number of pharmaceuticals and metabolite side products found in biological fluids. This
compilation provides a guide to more than 100 such compounds, beyond the standard amino acids, that

may appear in the analysis of biological fluids with the MassTrak AAA Solution.

Introduction

Physiological amino acid analysis is commonly performed to monitor and study a wide variety of metabolic
processes. A wide variety of drugs, foods, and metabolic intermediates that may be present in biological
fluids can appear as peaks in amino acid analysis, therefore, it is important to be able to identify unknown
compounds.2:3 The reproducibility and robustness of the MassTrak Amino Acid Analysis Solution make

this method well suited to such a study as well.

Experimental

Compound sample preparation

A library of compounds was assembled. Each compound was derivatized individually and spiked into the
MassTrak AAA Solution Standard prior to chromatographic analysis. The elution position of each tested

compound could be related to known amino acids.
1. Each compound was prepared at 500 uM in 0.1 N HCL.

2. Each compound was derivatized according to the standard as described in the MassTrak AAA Solution

User’ s Guide at a concentration of 250 uM.

3. Each compound was also derivatized in conjunction with the MassTrak AAA Standard: 70 uL of borate
buffer, 5 uL of MassTrak AAA Standard (250 uM) and 5 pL of compound (500 uM) were combined prior to

derivatization.

Sample preparation utilized the MassTrak AAA derivatization kit and Total Recovery vials. The amino acids



were derivatized with 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) (US Patent 5,296,599 and

European Patent EP 0533 200 B1). The protocol followed that described in the MassTrak AAA Solution

User’ s Guide.

LC conditions

LC System:

Column:

Column Temp:

Flow Rate:

Mobile Phase A:

Mobile Phase B:

Weak Needle Wash:

Strong Needle Wash:

Gradient:

Detection:

Injection Volume:

Injection Mode:

Results and Discussion

Waters ACQUITY UPLC System with TUV

MassTrak AAA Column 2.1 x 150 mm, 1.7 um

43°C

400 pL/min.

MassTrak AAA Eluent A Concentrate, diluted 1:10

MassTrak AAA Eluent B

5/95 Acetonitrile/Water

95/5 Acetonitrile/Water

MassTrak AAA Standard Gradient (as provided in
kit)

UV @ 260 nm

1uL

Partial Loop with Needle Overfill (PLNO)

A wide variety of antibiotics, pharmaceutical compounds and metabolite by-products are found in

biological fluids. The retention times of a number these compounds have been cataloged for a number of

amino acid analysis methods.1:23 A similar study was conducted for the MassTrak AAA Solution.



The compounds listed in Tables, 1, 2 and 3 were analyzed using the MassTrak AAA Solution standard.
Retention times were verified for the individual standards, as well as combined with the MassTrak AAA
standard. The latter analysis accurately documented coelutions, which include partial resolution. The
following tables are compilations of the interference compounds in alphabetical order ( Table 1), and

elution order (Table 2). Unreactive compounds are listed in both Table 1 and Table 3.
Table 1. Compounds in alphabetical order

Compound Coelution® Adjacent R™ Adjacent

A Akl Compound Coelution Aming Acids R
Acetyl carnitine | ND | Choline : ; | N
e-Acetyl lysine BAIB, Hyll 17.30 Ciproflaxin | | Tp | 3645
o-Acetyl lysine BAIB, Hyll | 1739 | Clonazepem Related i 1670
: - : i | Compound A ]
0-Acetyl-serine GABA(Sh) | 1823 i ]
b
Adencsyl homocysteine Hyl2 | 17.71 f Co:;;ﬁpﬂ;r; e N/D
Adenosyl methionine (peak 2) His | 48B4 | Creating N/D
Adenosyl methionine (peak 1 HyPro,NH, I 4.36 | Cysteic acid AMO, HyPro 40
D-Alanine Ala | ss0 | cis-Cysteine AADA.Pro 1606
4-Aminobenzoic acid (peak 1) HyPro,NH3 | 456 | C_gsteinE—Humocgsteine i 559
4-Aminabenzoic acid (peak 2) Nva,lle | 2382 dimers (peak 1)
Aminoethyl custeine Cys, Orn 19.54 | Custeine- Homocysteine Nva. fle 231
i | dimers (peak Z) Y i
Aminoethylphosphonic acid HyPro | 419 I =T 1 T T
- i Custeine Sulfate 3MH (5h) 525
Aminolevulinic acid Thr,Ala | 1436 » - 2 T T
| Diaminopimelic acid (peak 1) BAIB, Hyll 17.28
Aminopimelic acid Cys, Orn 18.55 5 PR
. T | Diaminopimelic acid (peak 2) Hyl2, AABA 17.92
N-Fanyibr NH,, His 489 3. 4- Dihydroxy DL '
guanidinopropionic acid » | : 3, 4- Dihydroxy-D.L- Cyst, Orn 18.89
i phenylalanine : ?
Amaxicllin ValLNva | 2221 I R P TR
{ *, N°-Dimethyl arginine
Argininosuccinic acid EA 848 asymmetrical (ADMA) Thr, Ala 1294
| |
Argininosuccinic acid i o N°, N*-Dimethyl arginine
Cit, B-AlL 11.60 ' ylarg
anhydride 1 il | symmetrical (SOMA) Thr, Ala 12.82
:r:ﬁi r|d|Irlrg:u2:f inic acid Ala, GABA 13.20 : Daopamine Tur 20.65

Y | Doxapram N/D
Argininosuccinic acid | =
anhydride 3 Ala, GABA | 14.76 Ephedrine T 35.48
Argininosuccinic acid GABA, 1556 | Epinephrine Hyl, AABA 18.06

_anhydrided | AADA i Erythromycin | - N/D
Argininosuccinic acid Deriv Peak | | Ethanol (peak 1) Ala, GABA 1517
abapiride & ) L :

L | Ethanol (peak 2} Lys 2030
h:rgmn'l_usuccmlc acid Met Val 2174 | Ehiamine Nva, e 25.46
anhydride 6 - - - - - -
.ﬁ:ginrnoswfinil: acid : [P i
anhydride 7 W) | Saad | Formyl methionine | N/D
:r:?indirr:_g:uécinil: acid Nva lle 2281 - Gentamicin (peak 1) Cyst 18.48

Y | | Gentamicin (peak 2) Om 19.02
i S : = | Glucosaminic acid befare PSer 316
Azithromycin | N/D P Gk 5003
Beclimethisioing - | Glutathione, Oxidized | Hyl2, AABA 1819
Codhineg it B . | Glutathione, Reduced (peak 1) Thr, Ala 14.44
il Aath | AT | Glutathioine, Reduced (peak 2)  Om 19.02
Carbamoyiphosphate dibasic | N/D I 16.79
Carsitine . N/D . Glycyl-Proline Pro,BAIB (broad PK)




Compound Coelution® A::‘::::: s R Compound Ar::::c.::ds R*

D-Histamine Ans, EA B13 | Peniciliamin disulfide After Trp 3212
Histidinol Ans o 5.02 | Penicillamine Nva,le 2288
Homoarginine B-Ala 12.85 Penicilkin g N/D

Homacitrulline GABA | 15.34 Penicilin v N/D

D, L-Homocysteic acid N/D | Phenyl pyruvate N/D

Homocysteine Orn 19.05 l Phosphocholine N/D

Homogentisic acid Ala {Sh) r 14.48 | Pipecalinic acid {peak n Met,Val Z£1.38
D.L-Hemophenylalanine 36.36 | Pipecalinic acid (peak2) Nva, e 24.14
Homoserine Gly,Ans 7.38 l 3- Parphobolinagen Cys, Orn 19.92
Hydroxytryptophan Cys, Lys 20.20 | Procaine Sar, Glu 11.39
Hydroxyindollicacetic acid N/D Pseudoephedrine 35.40
cis-Hydroxyproline Sar, Glu | 1081 Putrescine Met Val 21.27
Hopatainy i 62 | 3-Puridulethyl custeine s 15.70
Ketorolac Gln, Carn 7.29 |

c:—l_cetu—'.'—{methglthiu} butyric N/D Pgrnglurar?ic al w

acid | :lSatlch_aToprne {]:e;.k 1) B8.50
Kynurenine alle,Leu . 28.11 Saccharopine (peak 2) Nva, e 23.58
Lanthicnine (peak 1) Pro,BAIB | 16.69 l Salsalate Tro _/TT
Lanthicnine (peak 2) BAIB Pro,BAIB . 16.77 f.SerDtunin Val, Mva 22.13
Methanol | macasa | 1513 | Streptamycin - ND
2,6-Methionine sulfone Asp, Sar 9.21 | Tetracycline 18.31
?;Methiunine sulfoxide (peak . EA | 8.48 , :E;:hFaplr.uline Pro BAIB 16.58
Methionine sulfoxide (peak 2) . Asp i 877 [Th?:;g'.;z:nﬁmhu:glic acid) FAD haS
5-Methyl cystine Hyl2, AABA 18.24 Trimethyl Lysine Gin, Carn 734

Methyl lysine Val, Nva . 22.31 | Tryptamine Trp 36.30
Se-Methylselenocysteine Orn, Cus 19.65 | Tyramine Nwa, fle 23.07
Methylxanthine before PSer 352 Uric acid N/D

Momethasone . N/D | Uridine N/D

Nitrotyrosine Ile 2713 : Valproate (Sodium) N/D

I'(q;:rau;%r)asine methyl ester s 2713 Valproic acid N/D

: 4 - | VMA N/D

Eﬂ;zrau;%r)asine methyl ester e 3543 il}(amthE . befare PSer . 156

D-Narephedine HeysPhe | 2094 | Zidovudine i
Norleucine Phe 29.30

* (Sh)= shoulder, partial resolution
**N/D= Not detected, underivatized



Table 2. Compounds in order of retention time (RT)

Compound Coelution® Adjacent
Amine Acids
Xanthine befare PSer 1.56
Glucosaminic acid befare PSer 3.16
Methylxanthine befare PSer 352
Cysteic acid AMQ HyPro | 4.00
ﬁiﬁi.nﬁéthgiphusphonic acid HyPro . o -4.1-9
“ﬁdennsg-lnm.ethrn;'rine (peak T)m “ HyPro,NH3 I 4.36
4-Aminobenzoic acid (peak 1)” . HyPro,NH3 . 4.56
Adencsyl methioine (peak 2) His 484
b AR NH3, His 489
guanidinopropionic acid
Histidinol Asn 5.02
Cysteine sulfate 3MH (5h) 5.25
Hypotaurine Ser (Sh) 6.21
Ketorolac Gln, Carn 7.29
Trimethyl Lysine Gln, Carn | 7.34
Homoserine Gly,Ans | 7.38
D-Histamine Ans, EA | 8.13
Argininosuccinic acid EA | 8.48
.E-Mahium'ne sulfoxide (peak 1) | EA 8:&8
.Saccharupine (peak l}. | EA 8.50
-Methiunine sulfoxide (peak 2) i Asp 1 ayT
2,6-Methionine sulfone | Asp, Sar 9.21
cis-Hgdrml(gplruline Sar!."Glu 10.91
Procaine Sar, Glu 11.39
:;ﬁ;';ﬂgﬁ”“f‘ e Cit.g-Ala | 1160
.Hu n.'loargin%ne B-Ala 12.85
& M- ini
asimmetrical (ADA) el B
:;EL'L":;EZ”;“”“ A Ala,GABA | 13.20
5 NGO i
summetical (OMR) T | na
Aminolevulinic acid Thr, Ala 14.36
Glutathione, Reduced (peak 1) Thr, Ala 14.44
Homogentisic acid Ala (5h) 14.48
D-Alanine Ala (Sh) 14.60
.E-.affeine Ala(Sh) 14.71
Argininosuccinic acid Ala, GABA 1476

anhydride 3

Compound Coelution® Adjacent R
Aming Acids
| Methanal Ala, GABA = 15.3
:-Ethanul (peak 1) 1 ALa,IGABA 1 1517
0-Acetyl-serine GABA(Sh) 15.23
[T——— GABA 15.34
| ;E;::}ﬁi“fi““ G GABA.AADA 1556
| 3-Pyridylethyl Cysteine | GABA, AADA | 1570
| cis-Cysteine AADA, Pro 16.06
' 3-Thizpraline Pro,BAB 1658
:‘.Iiduvudine Pro (Sh) 16.65
| Lanthionine {peak 1) Pro BAIB 16.69
[ BAIB(SH) 1677
Glyoyl-Proline Pro (5h) BAIB(5h) (brlt?a-d?ng)
| Diaminopimelic acid (peak 1) BAIB, Hyll 17.28
, e- Acetyl lysine BAIB, Hyll 17.30
| - Acetyl lysine BAIB, Hyll 17.39
| Adenosyl homocysteine Hul2 1771
: Diaminopimelic acid {peak 2} Hyi2, AABA 1792
Epinephrine | hyl2, AABA | 1806
| Glutathione, Oxidized | Hyiz, AaBA | 1839
| 5-Methyl cystine Hyl2, AABA 18.24
| Teatracycline e | 1831
'Eemamgil:in {peak 1) Cy-st_ 18.48
Aminopimelic acid Cys, Om 18.55
ﬁa:;ﬁ;?iﬁ(ﬁ:u'u e Cyst, Orn 18.89
| Glutathioine, Reduced (peak 2) Om 19.02
| Gentamyicin (peak 2) Om 19.02
I Homocysteine O 19.05
Aminoethyl cysteine Cys, Om 19.54
| Se- Methylselenocysteine Cys, Om 19.65
[ 3- Porphobatinogen Cys, Om 1992
| y-Glu-e-Lys Cys, Lus 2003
| Hydroxytryptophan Cys, Lys 20.20
| Ethanol (peak 2) g 20.30
; Dopamine Tur 20.65
: :.I_Eﬂrl};:ugcml_amd [}erghF;Eé:k 20.85
| Norephedrine Heys Phe 2094



TABLE 3. Underivatizable compounds (No Peak Observed)

Acetyl carnitine

Azithromycin

Beclomethasone
Carbamoylphosphate dibasic

Carnitine

Choline
Clonazepem Related Compound B
Creatine
Doxapram
Erythromycin
Ethosuximide
Fnrmgl. metl'.tionine
D, L- Homocysteic acid
Hydroxyindollicacetic acid
u-inem-'(-(meﬁgitl'-rin.) bthle"‘: C aci-d
Momethasane

Penicillin g

Penicllin v
Phenyl pyruvate

Phosphochaoline

Pyroglutamic acid
Streptomycin

Uric acid

Uridine
Valpreate ( Sodium)
Valproic acid

Compound Coelution® A:::::il ds R;

Argininosuccinic acid anhydride 6 MetVal - 21.14
Putrescine MetVal 21.27
Pipecolinic acid (peak 1) Met.Wal 21.38
:;ﬁ"u':j';”l_g:“;””“‘"d val (5) 2153
Serotonin Val, Nva 22.13
Amaxicllin VaMva | 2221
Methyl Lysine Val, Nva 22.31
Argininosuccinic acid anhydride 8 Nalle | 2281
o Nalle | 2290
Penicillamine Nva, lle 22.88
Tyramine Nva, e 23.07
Cadaverine Nva, Ile 23.10
Sf;zi'gfpﬁ:kmg'ﬂs‘e‘“ Nva, lle 2310
Saccharopine (peak 2) Nva, Ile 23.58
4-Aminobenzoic acid (peak 2) Nva, Ile £3.92
Pipecolinic acid (peak?) Nva, Ile 24.14
Azaperone Nva, Ile 25.33
Ethionine Nva, lle 2548
E]trlﬁf ;sililg:necarbuxglic acid) FE e
Nitrotyrosine Ite 2713
Nitrotyrosine methy! ester (peak 1) Ite 27.13
Kynwrenine alleles | 28.01
Norleucine Phe 29.30
D-Penicillamin disulfide after Trp | 3212
Pseudoephedrine after Trp 35.40
Nitrotyrosine methyl ester (peak 2) after Trp 3543
Ephedrine after Trp 3548
Salsalate after Trp 3577
Tryptamine after Trp 36.30
D,L-Homophenylalanine after Trp 36.36
Ciproflaxin after Trp 36.45
Clonazepem Related Compound A . after Trp 36.70

VMA

Several compounds produce atypical results upon reaction with the derivatization reagent. These

compounds may form isomers or undergo derivatization of an alcohol. Some isomers yield two peaks in the

chromatogram (ex. pipecolinic acid). For these compounds, both peaks have been documented and are

labeled as Peak 1 and Peak 2. Other compounds, such as argininosuccinic acid, react upon heating to form

anhydrides. These secondary products have also been reported.

A number of compounds are directly detectable due to their chemical structure within these

chromatographic conditions. These compounds, for example xanthine and caffeine, are not derivatized but

appear in the chromatogram.



Conclusion

The MassTrak Amino Acid Analysis Solution provides a reproducible, robust method with easy identification
of the common physiological amino acids. These characteristics allow for routine preliminary identification
of common interferences and other compounds by relative retention time. This same approach or set of
experiments is required for ion exchange methods using protocols, columns and instruments that differ
from the historical database. Given the characteristics of ion exchange, this process can be time consuming

and variable.

Common compounds detected with the MassTrak AAA Solution include a wide number of pharmaceuticals
and metabolite side products found in biological fluids. This compilation provides a guide to more than 100
such compounds, beyond the standard amino acids, that may appear in the analysis of biological fluids
with the MassTrak AAA Solution. The listed relative retention times also provide a reliable starting point for

identification of such compounds in authentic samples.
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