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SUMMARY 

This report describes tbe profiling of mediumsized peptides in both normal and uremic 
urine by ion-pair reversed-phase high-performance liquid chromatography using an 
acetonitriltieptafluorobu~c acid solvent system as eIuent_ Several medium-sized peptide 
peaks could be detected in hoth normaI and uremic urine at low picomole level by using 
post-column fluoresce nce derivatization with fluorescamine. COntrary to expectation, 
uremic urine contained slightly larger amounk of mediumsized peptides compared with 
normal urine. 

INTRODUCTION 

In recent years, the so-called “middle molecules” (MMs) in the molecular 
weight range of 300-5000 as postulated in the middle molecule hypothesis 
[l], which would normally be removed by the kidneys, have been considered 
to play a major role in uremic toxicity [ 2]_ Many authors have reported that 
MMs are peptidic substances [ 2-51. 

High-performance liquid chromatography (HPLC) is an emerging new tech- 
nology that. is of value in the analysis and separation of peptides [6-S]. The 
excellent resolving power .of HPLC is especially advantageous for the analysis 
and separation of peptides existing in urine that are present in trace amounts h 
complex mixtures; : 

-It seems highly probable that some of the MMs are excreted in the urine- We 
have therefore attempted-to profile the medium-sized peptides existing in both 
normal and uremic urine by HPLC. 
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EXPERIMENTAL 

Urine samples 
The normal urine samples were obtained from three healthy subjects. The 

uremic urine samples were obtained from three dialysis patients who excreted 
about 400-900 ml of urine per day. Freshly voided urine was collected and 
stored frozen at -60°C until use. 

Appunztus and chemicals 

A Sbimadzu Model LCSA HPLC system (Shimadzu, Kyoto, Japan) was 
used, which included a Model SIL-1A injector, a Model SGR-1A step gradient 
former, a Model GRE-2B linear gradient former, a Model CRD-5A chemical 
reaction detector, a Model SPD -2A variable-wavelength UV detector equipped 
with an &ul flow-cell, and a Model RF-500LC spectrofluorometer equipped 
with a 12-PI fIow-cell_ Sources of polyamines and standard peptides used have 
been given previously [9,10]_ AII other reagents were obtained from Nakarai 
(Kyoto, Japan) and were of analytical or HPLC grade. AII glassware used was 
sihconized. 

Sample treatment 
The normal mine samples were filtered through a 0_45+m Milhpore filter 

(MiIIipore, Bedford, MA, US-A_) and the uremic urine samples were filtered 
through a CentrifIo CF-50A (Amicon, Lexington, MA, U.S.A.) which has a 
nominal molecular weight cutoff of about 50,000. The peptide condensation, 
desalting and the separation of peptides from amino acids were performed by 
the method of Bohlen et aI_ [ll] with some modifications_ The filtrates of 
urine were pumped through a LiChroprep RP-18 (Merck, Darmstadt, G-F-R.) 
coIumn, 10 X 0.8 cm, at a flow-rate of 2.0 ml/mm The column was washed 
with trifiuoroacetic acid (TF_4) -water (1: 99, v/v), after which the column was 
eIuted with n-propanol-TFA -water (60 :1:39) at a flow-rate of 2.0 ml/mm 
The column effluent was monitored by UV spectrophotometry at 210 nm. The 
emted fraction from the column was collected and lyophihzed (cross-hatched 
area, Fig. 1). 

Ion-pair reversed-phase h!PLC 
The lyophihzed materials (see above) were redissolved in acetonitrile- 

hepta.fIuorobutyric acid (IIFBA)--water (10 : 0.1:89.9) and injected onto a 
LiChrosorb RP-18 (5-;tm, Merck) cohnnn, 25 X 0.46 cm. The elution was 
carried out with acetonitrile -HFBA-water (10 : 0.1: 89.9) isocratically for 30 
min followed by a linear acetonitrile gradient of 0_4%/min at a flow-rate of 
1.5 mI/min_ The column effIuent was monitored by UV spectrophotometzy at 
210 nm or by post-column fluorescence derivatization with fluorescamine 
1123, At full-scale sensitivity, about 5-10 pmol of peptides couM be detected 
by the fluore soamine method_ AII chromatograms were run at room tempera- 
ture_ 

MolecuZar weight distribution 
The molecular weight distribution was estimated by high-performance gel 
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chromatography reported earlier 19, lo] with the use of a TSK-GEL 2000SW 
column (60 X 0.75 cm; Toyo Soda, Tokyo, Japan). The elution was done 
with 0.05 M sodium phosphate buffer, pH 7.2, containing O-3% (w/v) sodium 
dodecyl sulfate at a flow-rate of 0.3 ml/min_ The column effluent was 
monitored by UV speckophotomeky at 210 nm, 

RESULTS 

A typical chromatogram of normal urine samples on a LiChroprep RP-18 
column is shown in Fig. 1. The fraction of the cross-hatched area was collected 
and subjected to ion-pair reversed-phase HPLC. 

il sb Iii0 l&l 

RETENTION TIME (MIN) 

Fig. 1. Peptide condensation, desalting and amino acid removal. Arrows 1 and 2 indicate the 
beginning of the eIution with TFA-water (lt99) and with rqropauol-TFATter 
(60 : 1:39), respectively_ Detection: 1.28 a_u.fs. at 210 run. 

The retention times of standard samples chromatographed on a LiChrosorb 
RP-18 column are tabulated in Table I. The reproducibility of the results was 
better than f 2_0% (relative standard deviation)_ The sample volume of 
injection, up to 1000 ~1, had no significant effect on the result. The medium- 
sized peptides with molecular weights above 500 showed suitable retention 
times and were well separated corn polyamines. The elution order of peptides 
seems to follow the molecular weight and hydrophobicity. 

Typical elution profiles of normal urine samples, representing original urine 
volumes of 10 and 50 ml, are shown in Figs. 2 and 3, respectively, Fig. 2 shows 
that m+ny fluorescamine-positive peaks could be well separated_ The UV 
absorbance- profile showed a-similar result, to that of the fluorescamine method. 

-The.. molecular --weight distribution of fractions- -A and B (see Fig. 3) was 
estimated by high-performance gel ctiomatography. The result.% reve+led that 
both fractions contained a large amount of medium-sized substances (Fig. 4). 
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TABLE I 

REXZNTION TIME AND MOLECULAR WEIGHT OF STANDARD SAMPLES 
CHROMATC’GRAPHED ON A LICIiROSORB RP-18 COLUMN 

Sample Retention time (min) Molecular weight 

Spermidine 54 145 
Spermine 50 202 
Leuenkephalin 81 556 
Met+nkepbaIin 73 574 
VasOpressin 73 1084 
&lgiotensinI 112 1297 
AllgiotensinII 100 1046 
morphin 118 1724 
Glucagon 119 3485 

Fig_ 2_ Typical ehtion prome of normal sample, representing an origitd urine volume of 
10 ml, cbromatographed on a L~X%rosorb RP-18 column. The sensitivity setting of the 
fluoromefzr was an eight-fold attenuation of the fu.Ude sensitivity_ 

Fig_ 3. Typical WJ-absorbnce profile of a nd sample, representing an original urine 
volume of 50 ml, chromatngmphed on a LiChrosorb RP-18 column. Detection: 1.28 a_u_fs_ 
at 210 pm. 
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Fig. 4. The estimation of molecuk weight distribution by high-performance gel &mm&o- 
grapby. Fr$ictioti A and B pFij$.3);‘representing an original ee volume of 20 ml, were 
used for skmpks. Avows 1, 2 -and 3 indicate the elution~vobmks of ins&n, oxytocin and 
Leuknkephdin; res&tikely. Detection: 0.64 a.u.f.s; at 210 nm, 

A: typical eh&o& profile of uremic samples is shown in Fig. 5. The concen- 
tratio_ns .of mediGi~&ed substarkes~ ha&g a retention .twe over’ 80 min were 
slightly high&~&an &o&e of &e n&a ~&s_~Howekr~~th~ sample obtained 
fro*, a__mp+otic .u+nic patient +owecI a_ di$f&en~-ehxtion p+il~ (?&..6). 

-..Nq_ peptide‘ && ySque_t(! ur&mjc. or normal Fines ,co@d be detected, 
-ti&i&&;$;. .-;_ f_ .1 .:. _.~- 
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Fig. 5_ Typical elution profile of a uremic sample, representing an origii urine volume of 
10 ml_ The conditions were the same as in Fig. 2. 

Fig_ 6. Elution profde of a uremic sample, representing an original urine volume of 10 ml, 
obtained fi-om a nephrotic uremic patient. The conditions were the same as in Fig. 2. 

task despite a number of specific techniques that have been introduced (for 
example, see ref, 13). The technique of batch adsorption of peptides in a 
large amount of body fluids to octadecasiIyI-sihca particles is a very efficient 
first step in the concentration, desaIting and separation from amino acids [ll, 
l&15 J _ The acetonitrih?HFBA soivent system is excellent for the elution of 
peptides from a reversed-phase column [lS, 171. This system is voIatiIe and 
aflows detection of peptides at wavelengths in the range ZOO-220 nm. 

Fluorescamine is a selective reagent for substances containing primary amino 
groups such as proteins, peptides and amino acids [ 18]_ In addition, as IittIe as 
10 pmol of peptides can be easily detected- 

The retention time, fluorescamine reactivity, UV absorbance characteristics 
and molecular weight distribu_tion strongIy indicated that most peaks existing 
in fractions A and B were peptidic substances. It is likely that a Iarge number of 
urine sampIes wiII reveal many more medium-sized peptide peaks. 

_ Contrary to expectation [9], the urine samples obtained from dialyzed 
patients whose creatinine clearan ce was less than -3 ml/mm cbntained slightly 
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larger amounts of peptides compared with normal samples. Many peptides and 
low molecular weight proteins such as lysozyme, p,-microglobulin and various 
peptide. hormones are freely filtered through the glomeruh and removed from 
the hnninal fluid by proximal endocytosis or huninal hydrolyzation and sub- 
sequent reabsorption [19,20]. Therefore, it seems highly probable that the 
peptides in uremic urines are due to tubular dysfunction in a diseased kidney. 
That is to say, the peptides filtered through the glomeruli are very scarce in 
uremia, but most of these peptides are excreted in the urine without reabsorp- 
tion and degradation_ These results are consistent with the important role of 
residual renal function in the elimination of MMs [ 211, The urine sample ob- 
tained from a nephrotic uremic patient contained a large medium-sized peptide 
peak, but the significance of this peak could not be elucidated in this study. 
This requires further study. 

Further characterization, especially as to toxicity, of medium-sized peptides 
existing in normal and uremic urine is now in progress in our laboratory. 
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