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Abstract An automatic on-line high-performance liquid chromatographlc (HPLC) 
method IS developed to quantltate free ammo acids m the blologlcal samples The 
method IS based on pre-column derlvatlzatlon of ammo acids with orthophthalaldehyde 
(OPA) m presence of 2-mercaptoethanol (2-ME) The derlvatlzed ammo acids were 
separated on a 5 km Cl8 column usmg a multi-step gradlent with two solvents and the 
detection was made at E,, = 340 nm and E,, = 450 nm The results were highly 
reproducible with a relative standard devlatlon (RSD) between 0 5-2% for all ammo 
acids Each chromatographlc run was completed wlthm 40 mm to separate 24 ammo 
acids The optlmlzed method was apphed to evaluate the levels of free ammo acids m 
plasma and muscle samples of eight healthy subjects and 13 uremic patients under fastmg 
condltlons 
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Introduction 

Ammo acids are among the most Important constituents of a human body m assessing the 
nutritional reqmrements under various pathological states Hence, the quantltatlon of 
ammo acids m blologlcal matrices IS one of the most challengmg tasks m the blomedlcal 
sciences Most of the ammo acid analyses are performed by the classical ion-exchange 
chromatography based on a post-column derlvatlzatlon with mnhydrm introduced nearly 
30 years ago [l] This technique has improved, and analysis time has been shortened 
from 2 days to 3 h but, problems are yet to be solved m the broademng of peaks, 
inaccuracy m quantltatlon of basic ammo acids, buffer contammatlon, baseline shift and 
the ldentlflcatlon of ammo acids m physlologlcal samples [2] Some of the errors and 
interferences appear to be especially prominent when analysmg samples from patients 
with renal failure, due to the presence of contammatmg metabohtes which accumulate m 
uremia [3-71 

*To whom correspondence should be addressed 

377 



378 G AL1 QURJZSHI et al 

In search of new methodology, various post-column denvatrzatron procedures have 
been developed untrl the mtroductron of orthophthalaldehyde (OPA) by Roth m 1973 
[8] This reagent reacts with primary ammes m presence of 2-mercaptoethanol (2-ME), 
producing a highly fluorescent product wrthm a few minutes at room temperature The 
reaction product is very sensrtrve to nmhydrm and has been used successfully for the 
quantrtatron of ammo aads m brologrcal samples [9, lo] Smce the product of OPA/ZME 
ammo acid has a hydrophobrc character, this charactertstrc has been utrhzed m the pre- 
column derrvatrzatton mode for the separation of ammo aads m vzvo and m vztro 
[ll-141 

In this study, we describe an automatic on-hne procedure, based on a pre-column 
derrvatrzatron of ammo actds with OPA/ZME, to analyse free ammo acrds m plasma and 
muscle samples The system 1s automated to react OPA with ammo acids for 2 mm 
before the mlectron 1s made onto a 5-pm RP-C1s column, and the detectron 1s made at 
E,, = 340 nm and E,, = 450 nm The whole chromatographrc run lasted for 40 mm to 
separate 24 ammo acids by the use of a multrple-step gradrent with two solvents The 
reproductbrhty of the method 1s wtthm the acceptable range grvmg relatrve standard 
devtatrons (RSD) between 0 5-2% for all ammo acids m five duplicate runs 

Abnormal patterns of plasma and muscle free ammo acrds are observed m patients 
with chronic renal fatlure which are to some extent srmtlar to those found m protem 
malnutrrtron, but m other respects typical of the uremtc state [15] The results obtained 
from eight healthy SubJects and 13 uremrc patients are compared by students t-test and 
the role of some of the essential and non-essential ammo acrds m chrome uremia 1s 
bnefly drscussed 

Experimental 

Chemicals 
Indrvrdual crystalline salts of L-ammo acids (AMAC Standard Krt No 20065), RnJ 

(30%) and OPA were obtained from Pierce Eurochemre (The Netherlands) Phospho- 
senne, 3-methylhatrdme, crtrulhne, carnosme, cysteme-sulphmrc acrd (Cys-S), (Y-, p-, y- 
ammobutync aad, taurme, p-alanme, and 2-ME were obtamed from Sigma Chemrcal 
Co (St Lotus, MO, USA) Methanol “HPLC grade” was obtamed from Rathburn 
Chemrcals (Walkerburn, UK) Anhydrous sodmm drhydrogen phosphate, drsodmm 
hydrogen phosphate, 5-sulphosahcyhc acrd (SSA), boric acid, sodmm hydroxrde and 
hydrochlonc aad were all analytical reagent grade and were obtamed from Merck 
(Darmstadt, FRG) 

Indrvrdual standard stock solutrons of ammo acids (1 mM) were prepared m dtstrlled 
water by addrtron of few drops of 0 1 M HCl A standard mrxture containing 24 ammo 
acids was prepared wrth the srmtlar concentratron and stored at -70°C This standard 
mixture was diluted to 0 01, 0 02, 0 03, 0 05 and 0 1 mM to construct a linear 
relatronshtp between the fluorescence mtensrty and the concentration of mdtvtdual 
ammo acids Water used for the preparation of buffers and standards was detomzed and 
sterile (Mrlh-Q, Water Purrfrcatron System, obtamed from Mrlhpore Corporatron, MA, 
USA) 

OPA reagent 
Anhydrous OPA (100 mg) was drssolved m 2 ml of methanol to which 8 ml of 0 4 M 

borate buffer of pH 10 4 contammg 0 6% RriJ were added To this mixture, 200 l~_l of 2- 



FREE AMINO ACIDS IN PLASMA 379 

ME were added The reagent mixture was kept m dark at 4°C for 24 h before use The 
reagent remains stable for 1 week 

Buffer and gradlent used 
Sodium phosphate buffer of pH 7 2 (0 05 M) was prepared by gradually adding 0 05 M 

NaH2P04 to 0 05 M NaH2HP04 This buffer was diluted to a concentration of 0 02 M 
with deionized water For pump A, a mobile phase conslstmg of phosphate buffer/ 
methanoYtetrahydrofuran (98 1 1, solvent A) was used, and for pump B, a mobile phase 
conslstmg of phosphate buffer/methanol (32 68, solvent B) Both these solvents were 
filtered through 0 45 km filter paper type HA and HV (Mllhpore, Bedford, MA, USA), 
respectively The gradient used IS shown (%B) m Fig 1 The flow rate was maintained at 
1 ml mm- ’ throughout the chromatographlc run except for the first 2 mm when It was 
increased linearly from 0 2 to 1 ml mm -’ The column was eqmhbrated with solvent A 
for 6 mm between the mJectlons 

Blologlcal samples and their treatment 
Venous plasma samples were obtamed from eight healthy subjects (SIX males and two 

females, age 43 f 11 years, mean &SD) and from 13 chronic uremic patients (seven 

10 10 30 40 mln 

Typical chromatogram showing the separation of 24 standard (2 5 kmol) OPAIZME ammo acid derivatives on 
5 pm Llchrosorb-CIs (125 x 4 mm, I d ) by the use of the mobde phases 1 1 98 (solvent A) tetrahydrofuran/ 
methanol/O 02 M phosphate buffer (pH 7 1) and 32 68 0 02 M phosphate buffer (pH 7 l)/methanol (solvent 
B) The gradient used 1s shown m % B A flow rate of 1 ml mm -’ was maintained throughout the 
chromatographlc run except for the first 2 mm when It was Increased hnearly from 0 2 to 1 ml mu-’ The 
detection was made at E,, = 340 nm and E,, = 450 nm The separation was performed at amblent 
temperature 
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males and s1x females, age 57 + 12 years) Four of the uremic patients were non- 
dlalysed, SIX were treated with contmuous peritoneal dlalysls (CAPD) and three with 
mamtenance hemodlalysls 

Muscle samples were taken from eight healthy subjects (two males and SIX females, 
age 42 f 11 years) and eight chronic uremic patients (SY( males and two females, age 
57 + 11 years) Six of the patients were non-dlalysed and two were treated with CAPD 
Informed consent was obtained from each patient and control subject The study 
protocol was approved by the Ethics Committee of Karohnska Institute 

All plasma and muscle samples were collected m the morning after an overnight fast 
Muscle tissue was obtamed by percutaneous needle biopsy from the lateral portion of the 
quadnceps femorls muscle as previously described [16] Ahquots of the muscle samples 
(15-25 mg) were carefully dlssected to remove all visible connective tissue and fat 
Water was determined by weighing before and after drying at 90°C to constant weight 
The amount of neutral fat was calculated by welghmg the dned samples after extraction 
with petroleum ether The ammo acid content of muscle was expressed as PM g-l fat- 
free solids 

Plasma samples (100 ~1) were diluted to 800 ~1 with dlstllled water and 100 ~1 of 
100 PM internal standard (p-ammo butyrlc acid) was added before deprotemlzatlon with 
100 ~1 of 30% SSA The sample was centrifuged at 3000g for 15 mm and the supernatant 
collected Muscle samples were deprotemlzed with 0 5 ml of 5% SSA, centrifuged at 
15OOg for 15 mm and the supernatant collected All samples were stored at -70°C if not 
analysed immediately 

The denvatuatlon procedure 
The derlvatlzatlon of OPA with sample or standard was done according to Qureshl et 

al [12] 

Apparatus 
The chromatographlc system conslsted of two high-pressure delivery pumps M45 and 

6OOOA, a multiple sampler WISP 710B, a data module, a system controller 730B and 
fluorescence detector model 420-AC with the monochromator set at 340 nm with 450 nm 
cut-off filter, all supphed by Water Associates (Mllford, MA, USA) 

The separation of ammo acids was carried out by 5 pm Llchosorb C1s (100 x 4 mm, 
1 d ) obtamed from Merck (Darmstadt, FRG) A pre-column (4 X 4 mm, 1 d ) 
containing slmllar matenal was connected between the inJector and analytical column 
The column was condltloned first with water/methanol (50 50) and then with solvent A 
for 1 h before use 

Results and Discussion 

Chromatographlc methodology 
Figure 1 shows the elutron profile of OPA-denvatlzed ammo acids chromatographed 

under our experlmental condltlons Each peak represents 2 5 FM of ammo acid 
Runmng the standard 7 times, the quantltatlon of mdlvldual ammo acids showed high 
reproduclblhty m terms of area and retention time glvmg RSD between 0 73-3 86 and 
0 05-l 86%, respectively The detectlon hmlt for each ammo and 1s <l pmol A linear 
relationship was found between the fluorescence intensity and the amount of ammo acids 
inJected m the concentration range of 5-100 PM per inJection of 20 ~1 with ? equal to 
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unity The hnearlty of fluorescence response was mamtamed over a wide range of ammo 
acid concentrations However, it 1s Important to use lo-fold excess of derlvatlzatlon 
reagent (OPA) to the total amount of ammo acids m order to maintain a linear response 

The whole separation of 24 ammo acids 1s accomphshed mthm 40 mm which 
constitutes a defmlte Improvement over the commonly used post-column ion-exchange 
chromatographlc system Pre-column systems on the similar derlvatlzatlon reaction have 
already been used requiring shorter or longer analysis time depending on the particle size 
and length of the column m operation [ll-13, 17, 181 But m a complex blologlcal 
sample, the preclslon for quantltatlon and complete separation of ammo acids wlthout 
any overlap are the most important factors to be controlled, enabling a chromatographlst 
to mamtam a confidence on the method Among these methods, m one study [13], a 
shorter column was used to record the separation of ammo acids wlthm 20 mm, but at the 
same time the authors were unable to detect glutamme (Gln) m a serum sample of a 
healthy person Gln has one of the highest concentrations among the ammo acids On 
the other hand, use of smaller particles m a short column, decays the column 
performance from sample to sample, and this could be a disadvantage m securing the 
shortest possible analysis time at the cost of losing the separation Figures 2 and 3 show 
the chromatograms of plasma and muscle samples, respectively, from an uremic patient 
Most of the ammo acids are well separated and it 1s noteworthy that there IS no baseline 
shift, a problem which 1s often encountered when Ion-exchange chromatography IS used 
for ammo acid analysis m uremic muscle samples 

10 20 30 40 mln 

Chromatogram of plasma ammo acids as OPAI2-ME derwatlves from an uremic patient under ldentlcal 
condltlons to those m Fig 1 
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Figure 3 

10 20 30 40 mln 

Chromatogram of muscle ammo acids as OPA/2-ME denvatlves from an uremic patlent under identical 
expenmental condltlons to those m Fig 1 

Clmcal fmdlngs 
Table 1 shows the concentrations of ammo acids m plasma from eight healthy subjects 

and 13 uremic patients In the patients there were statlstlcally decreased plasma 
concentrations of valme (Val), lsoleucme (Ile), phenylalamne (Phe) [essential ammo 
acids], serme (Ser), tyrosme (Tyr) and taurme (Tau) [non-essential ammo acids], and 
increased concentrations of glutamate (Glu) and 3-methylhlstldme (3-MH) Cys-S was 
not detected m normal plasma but was found to be present m plasma from the uremic 
patients 

Table 2 shows the muscle concentration of ammo acids m eight healthy subjects and 
eight uremic patients Val, threomne (Thr) [essential ammo acids], argmme (Arg), Gln 
and Tau [non-essential ammo acids], were slgmflcantly decreased m the uremic patients, 
while methlomne (Met) and some of the non-essential ammo acids were increased 

Most of these results agree with earlier observations [15, 19-221 The decrease m 
plasma of essential ammo acids m uremia has been considered as an indicator of protem 
deficiency, whereas the increase in 3-MH and decrease m Ser may be a consequence of 
reduced renal function and metabolism 

The accumulation of Cys-S m uremic plasma m presence of low plasma and muscle 
Tau could be due to a block of the metabohc pathway leading to Tau blosynthesls m 
uremia [23, 241 

Skeletal muscle 1s the most abundant cellular tissue m the body and has an important 
r81e m the control of protein metabohsm as it 1s known that the muscle protein synthesis 
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Table 1 
Plasma free ammo acids m normal subjects (n = 8) and urenuc 
patients (n = 13) All values are expressed as mean +SD m )IM I-’ 

Ammo acid 

Asp 
cys-s 
Glu 
Asn 
Ser 
Gln 
His 
GUY 
Thr 
c1t 
3-MH 
Arg 
Tau 
Ala 
Tyr 
Met 
Val 
Phe 
Ile 
Leu 
Orn 
LYS 

Normal subjects Uremic patients 

115zk 41 
ND 
346f113 
81 4 f 11 1 
948k 82 

46OOf450 
818+ 88 

225 5 + 19 8 
112 1 + 18 9 
350+ 60 

78f 33 
109 6 + 23 6 
601+ 85 

289 6 + 46 7 
647+ 36 
216zk 29 

203 3 + 25 2 
625+ 77 
66 4 + 10 4 

151 8 + 27 0 
49 4 f 13 0 

196 3 + 16 0 

18 1 + 7 o* 
137zk 40 
57 4 f 15 I** 

131 6 + 28 4** 
61 2 f 7 O*** 

485 0 + 97 3 
71 3 f 12 8 

272 1 + 27 0 
136 0 + 31 I 
530+ 110 
14 1 + 12 3*** 
99 5 + 29 5 
46 0 f 12 2 

252 3 + 18 0 
425 + 96*** 
291+ 51 

115 6 iz 17 I*** 
493 f 9 9** 
507 + 8 2** 

135 0 + 14 8 
5545 73** 
98 7 + 10 7*** 

Table 2 
Muscle free ammo acids m normal subjects (n = 8) and uremic 
patients (n = 8) All values are expressed as mean +SD m FM g-’ fat 
free muscle 

Ammo acid Normal subjects Uremic patients 

Asp 
Glu 
Asn 
Ser 
Gln 
GUY 
Thr 
Arg 
Tau 
Ala 
Tyr 
Met 
Val 
Phe 
Ile 
Orn 
LYS 

2 07 + 0 28 
18 24 + 1 90 

1 35 + 0 22 
48OkO64 

17 30 f 5 20 
101 + 0 71 
4 78 + 0 35 

23 92 f 1 75 
82 04 + 5 37 

913+109 
0 97 + 0 08 
0 65 f 0 06 
2 18 + 0 11 
1 28 + 0 09 
1 01 + 0 07 
4 66 + 0 55 
4 66 + 0 55 

3 00 + 0 35** 
16 84 + 3 16 
1 74 + 0 22* 
507zko68 

67 81 k 6 61* 
8 30 k 0 73* 
3 95 + 0 39** 

20 40 + 2 17* 
66 94 + 9 04* 
16 91 f 2 96** 
099 + 0 11 
0 82 f 0 05** 
174 + 0 26** 
1 34 f 0 10 
0 98 + 0 16 
4 11 f 0 65** 
4 48 zk 0 92 
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accounts for about 50% of the total body synthesis [25] Hence, studies of free ammo 
aads m muscle may further elucidate the role of ammo acids m uremia Low muscle 
concentrations of Val and Thr have been described earlier m non-dlalysed patients with 
chronic renal failure, and intracellular Val depletion m presence of normal Ile and 
leucme (Leu) levels appears to be a typlcal feature of uremia [7, 261 

In the present study we also observed a shght but significant decrease m muscle Gln 
levels m the uremic patients This has not been observed earher m uremia, but low 
intracellular Gln concentrations have been recorded m patients with post-traumatic 
catabolism [27-291 

By performing this study, It 1s shown that the HPLC system 1s an appropriate and 
suitable alternative to the classical ion-exchange chromatography for the quantltatlon of 
free ammo acids with preclwon m blologlcal samples for the followmg reasons 

Small volumes of samples are reqmred and the samples can be inJected 
directly after simple deprotemlzatlon with SSA 
The system 1s fully automated and 40 mm 1s required to analyse 24 ammo 
acids More than 25 samples can be run m a day 
The reason kinetics of OPA/ammo acid are strictly controlled to provide 
reproducible results 
There 1s no baselme shift m chromatograms from uremic muscle, a 
problem usually encountered with ion-exchange chromatography 
The analysis 1s conducted at room temperature 
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