
E L S E V I E R  
Journal of Pharmaceutical and Biomedical Analysis 

14 (1996) 483 490 

JOURNAL OF 

PHARMACEUTICAL 
AND BIOMEDICAL 

ANALYSIS 

Determination of the polyfructosan sinistrin in biological fluids 
by HPLC with electrochemical detection 

R .  S 6 c h a u d  ~L, L . A .  D 6 c o s t e r d  b, A .  P e c h b r e - B e r t s c h i  c, J. B i o l l a z  b, U . W .  K e s s e l r i n g  ~L'* 

"Institute o[" Pharmaceutical Analysis, Section ~[ Pharmao', IJ)liversity o[ Lausanne, CH-1015 Lausanne, Switzerlamt 
~Divisio, of Clinical Pharmacology, Department t~[' Medicbte, University Ho~7~ital, CH-1011 Lausanne, Switzerland 

CPoliclinique Mkdicale Universitaire, CH-IOII Lausanne, Switzerland 

Received for review 16 May 1995; revised manuscript received 9 August 1995 

Abstract 

A sensitive HPLC method with electrochemical detection was developed for the determination of the polyfructosan 
sinistrin in human plasma and urine. Proteins and interfering components such as glucose were removed from plasma 
and urine samples by solid phase extraction on C~ cartridges. Chromatographic separations were achieved at 85°C 
on a 300 mm x 7.8 mm i.d. column, using ion moderated partition chromatography with distilled water at a flow rate 
of 0.6 ml min-  ~. After post-column addition of NaOH 0.3 M (0.6 ml rain ~), the electrochemical detection of the 
eluate was performed with a sequence of three potentials (0.05 V, - 0 . 8  V, 0.6 V) of specific pulse duration 300, 100 
and 100 ms respectively. Xylose was used as internal standard for the quantitative determinations. The calibration 
curves were linear (r 2 > 0.992) over the working range 5-300/ /g  ml t. This method has been characterized, validated 
and applied successfully in a study comparing two modes of glomerular filtration rate determination in healthy 
volunteers (bolus vs. constant rate infusion of sinistrin). 

Kevwords: Polyfructosan; Sinistrin; Electrochemical detection: Ion-moderated parti t ion chromatography;  Glomerular  
filtration rate; Clearance; Renal function 

1. Introduction 

Sinistrin (Fig. l) is a polyfructosan extracted 
from the red squill (Urginea maritima L., Baker, 
Liliaceae) [1]. This natural  product  is a reducing 
carbohydra te  polymer,  which consists o f  fructose 

* Corresponding author. Tel.: +41 21 692 4541; fax: +41 
21 692 45 05. 

chains linked to glucose [2]. The exact arrange- 
ment o f  ca rbohydra te  branches has not  been com- 
pletely determined [3]. 

After parenteral administrat ion,  sinistrin is 
eliminated by the kidney, where it is filtered 
through the glomerulus with no subsequent reab- 
sorption or  secretion by the renal tubular  cells. 
Therefore,  sinistrin clearance can be used as a 
marker  o f  the glomerular  filtration rate ( G F R )  [4]. 
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Fig. 1. Proposed chemical structure of sinistrin. 

over, classical colorimetric methods (after hydrol- 
ysis of  inulin to fructose and glucose) have been 
impeded by the lack of analytical sensitivity and 
precision and the difficult problem of crossreac- 
tion of glucose with the reducing agent, making 
correction for blanks almost impossible, especially 
at low concentrations of  the marker  [6,7]. To 
overcome the latter analytical limitations, an 
HPLC method has been proposed to quantify 
inulin in biological fluids [8]. 

A sensitive method was developed and vali- 
dated for the accurate and precise determination 
of sinistrin in biological fluids (down to 5 /~g 
ml ~), so that its clearance can be calculated not 
only at the steady state according to the classic 
urinary clearance method but also from the de- 
crease in plasma concentration following a bolus 
injection. This was achieved using HPLC com- 
bined with electrochemical detection after solid 
phase extraction (SPE). 

The detailed assay validation reported here was 
performed according to the recommendations of  
the Conference Report  on Bioanalytical Method 
Validation [9] and was successfully applied in a 
study comparing two modes of  administration of 
sinistrin in healthy volunteers [10]. 

2. Experimental 

2. I. Chemicals 

Sinistrin has the advantage over the related 
polyfructosan inulin of  being very water soluble at 
room temperature. Thus, smaller volumes can be 
infused at high concentrations (250 mg ml ~) as 
limpid solution, which may represent a substantial 
improvement,  particularly for children [5]. 

G F R  assessment is traditionally based on the 
measurement of  the renal clearance of inulin cal- 
culated from its urinary excretion rate at steady 
state plasma concentration. This is reached by the 
administration of an intravenous loading dose 
followed by a constant rate infusion. This method 
is not always convenient, is time consuming, 
needs accurate urine collection and is subject to 
error due to incomplete bladder emptying. More- 

Sinistrin was obtained as a saline formulation 
for intravenous administration (Inutest, Lae- 
vosan-Gesellschaft m.b.H.,  Linz/Donau, Austria). 
Internal standard (IS) xylose and sodium hydrox- 
ide were quality puriss, p.a. and supplied by 
Fluka (Buchs, Switzerland). Methanol (HPLC 
grade) was purchased from Romil Chemicals 
(Loughborough,  UK). All other chemicals were of  
analytical grade and used as received. Doubly-dis- 
tilled water was used after filtration through 0.22 
/~m pore size GS filters (Millipore, Bedford, MA). 

2.2. Standard solutions 

Six standard solutions containing sinistrin at 5, 
25, 75, 150, 225 and 300 /tg ml l were prepared 
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Fig. 2. Successive potentials applied for detection of polyfructosan sinistrin 

in pooled blank plasmas and blank urine. Plasma 
and urine control samples at low (20 /tg ml ~), 
medium (100 /~g ml ~) and high (250 /~g ml ~) 
concentrations were similarly prepared. All sam- 
ples were stored as 650/t l  aliquots in polypropy- 
lene Eppendorf tubes at - 2 4 ° C  and thawed 
individually on the day of analysis. Xylose was 
dissolved in distilled water to make a 100 /Lg 
ml ~ IS solution. Standard solutions were used to 
establish the calibration curve, one set at the 
beginning and a second set at the end of the 
HPLC run (validation). 

2.3. Chromatographic system 

The HPLC system used consisted of an AS- 
2000 A autosampler, a L-6200 A Intelligent 
pump, a D-2500 Chromato-Integrator (Merck- 
Hitachi Ltd, Tokyo, Japan) and an HP 1049 A 
Programmable Electrochemical Detector 
(Hewlett-Packard, Avondale, PA) with a gold 
working electrode and an Ag/AgC1 reference elec- 
trode with potassium chloride as internal elec- 
trolyte. 

Chromatographic separations were performed 
on a 30 mm × 4.6 mm i.d. CarboC precolumn 
connected to a 300 m m ×  7.8 mm i.d. Aminex 
HPX-87C column (Bio-Rad Labs, Richmond, 
VA) which was kept at 85°C in a column oven 
(Bio-Rad Column Heater). 

The mobile phase was distilled water at a flow 
rate of  0.6 ml min ~. Post-column addition of 0.3 
M sodium hydroxide at a flow rate of  0.6 ml 
min-~ was performed with an SSI 222D pump 

(Scientific Systems, Inc., PA) connected to a mix- 
ing tee (Supelco, Inc., Bellefonte, PA). 

2.4. Electrochemical detection 

Since single potential oxidation of sugars causes 
the electrode surface to become contaminated by 
the products of  the oxidoreduction [11], serial 
sequences of three potentials (E~ = 0.05 V, E2 = 
- 0 . 8  V, E 3 =0 .6  V) had to be applied with 
specific pulse durations (tt = 300 ms, t2 = 100 ms, 
t3 = 100 ms) (Fig. 2). The response time was set at 
8.0 s. With these parameters, a stable baseline and 
an optimal detection of sinistrin and xylose were 
obtained. A regular mechanical polishing of  the 
gold working electrode is necessary to ensure a 
clean electrode surface. The cleaning needs to be 
done only before starting measurements of a se- 
ries of samples (particularly when the electrode 
has not been used for some days). 

2.5. Sample preparation 

Plasma and urine samples were subjected to 
SPE using Sep-Pak ~ Plus Ct8 (Waters) cartridges 
on a Visiprep ~"~ Vacuum 12-manifold (Supeico) for 
the removal of proteins and interfering compo- 
nents like glucose. 

The cartridges were conditioned with 2 ml of 
methanol followed by 3 × 3 ml of distilled water. 
Samples (0.5 ml, diluted urine (1:1 to 1:100) or 
plasma) were subsequently applied in duplicate to 
the cartridges. Interfering material was removed 
by washing with 5 × 3 ml of distilled water. Sin- 
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istrin was eluted with 2 × 1 ml of  distilled water 
methanol (50:50, v/v). The eluted solutions to 
which 50 /LI IS solution was added were evapo- 
rated to dryness on a water bath at 37°C under a 
nitrogen stream. The residues were dissolved in 
0.5 ml of  water and transferred to microvials from 
which 20/~1 was injected into the HPLC column. 

2.6. Validation of  the method 

Throughout  the analysis of  biological samples, 
control samples at three concentration levels (20, 
100, 250 /lg ml t) were assayed every five sam- 
ples. Three injections were performed for each 
individual sample. The complete validation of this 
assay was carried out according to the guidelines 
put forward by the Conference Report  on Bioana- 
lytical Methods Validation. 

The control samples were used for the determi- 
nation of  the precision and accuracy of the 
method, precision being calculated as the RSD 
(%) within a single run (intra-assay) and between 
different assays (inter-assay), and accuracy as the 
percentage of  deviation between nominal and 
measured concentrations with the established cali- 
bration curves. 

The recoveries from plasma and from aqueous 
solutions were determined as the peak-area re- 
sponse of processed samples expressed as a per- 
centage of the response of  pure sinistrin solutions 
not subjected to SPE [12]. 

The stability of  sinistrin in plasma and in urine 
was determined as follows: 
(a) by storing plasma and urine samples contain- 

ing sinistrin (250 /~g ml t and 100 /~g ml 
respectively) at room temperature for 24 h. 

(b) by subjecting aliquots of  plasma and urine at 
various (low, medium, high) concentrations of  
sinistrin to three freeze thaw cycles: frozen 
duplicate samples were allowed to thaw at 
ambient temperature for 2 h and were subse- 
quently refrozen. Their sinistrin concentration 
was compared with aliquots that had not been 
subjected to the freeze thaw cycles. 

(c) The potential influence of the evaporating 
step (water bath at 37°C) was also tested: 
samples were left for 6 h at 37°C and at a 
higher temperature (60°C). Aliquots were in- 

jected into the HPLC column at selected time 
intervals. 

The selectivity of  the method was determined 
by spiking sinistrin samples with drugs commonly 
used in therapeutics (cf. below). 

The possible hydrolysis of  sinistrin during the 
course of  evaporation, storage and analysis was 
also assessed. For  this purpose, sinistrin in acidic 
medium (HC1 0.01 M) was incubated in a water 
bath at 85°C. Aliquots were injected into the 
HPLC column at selected time intervals. The 
identity of  the peaks of  glucose and fructose 
present on the chromatogram of  the incubated 
material was confirmed by co-injection with 
authentic samples. 

2. 7. Pharmacokinetics 

The present method was applied to evaluate the 
renal function of healthy volunteers by bolus in- 
jection and by the constant rate infusion tech- 
niques. Blood and urine samples were obtained 
from healthy volunteers according to a research 
protocol approved by the Ethics Committee of  the 
Institution. 

Blood samples were drawn into 2.7 ml EDTA 
Monovettes and immediately centrifuged at 900g 
for 10 min at 4°C. 

In the bolus injection mode, two healthy volun- 
teers (males of  83.2 and 85.5 kg) received 3100 mg 
of sinistrin (Inutest) over 10 min. Blood samples 
were taken from the opposite arm at specified 
time intervals after the start of  the infusion. 

In the traditional, constant rate infusion ap- 
proach, the same volunteers received, 1 week later 
a bolus dose of 3100 mg followed by a constant 
rate infusion of 21 mg min ~ sinistrin. Following 
a 1 h equilibration period, blood and urine sam- 
pling was regularly performed for 5 h. 

3. Results and discussion 

3.1. Sett&g-up and validation 

Sinistrin and xylose (IS) were well resolved 
from endogenous plasma and urine components 
as shown in the typical HPLC profiles (Fig. 3a~z). 
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The clean-up procedure by SPE was found 
to be a reliable method for eliminating interfer- 
ing material from both plasma and urine matrices. 
The efficiency of  the solid phase extraction has 
been determined with spiked plasma samples 
or aqueous solutions of  sinistrin to assess the 
influence of  the matrix (Table 1). The overall 
recovery was 103%_+ 8 in plasma and 96% + 1 
in water. These results indicate that the matrix 
or the concentration range of sinistrin have 
no significant effect on the efficiency of the extrac- 
tion. 

Calibration curves were obtained by un- 
weighted least-squares linear regression analysis 
of  the peak-area ratio of sinistrin to xylose (IS) vs. 
the concentration of sinistrin in each calibration 
sample. Typical standard curves were described 
by y = 0 . 0 1 4 x ÷ 0 . 1 ,  in which y is the peak area 
ratio of  sinistrin to IS, and x is the concentration 
of sinistrin. The regression coefficients were 
0.992 < r 2 < 1.000. 

At concentrations higher than 350/~g m l -  1, the 
relation was non-linear due to the saturation at 
the electrode surface. The high standard concen- 
tration of the calibration curve was set as a pre- 
caution to 300 ~g ml 1. The plasma samples 
collected immediately after the bolus injection 
therefore had to be diluted. As the concentration 
of sinistrin in urine was generally higher than 
those encountered in plasma, an appropriate dilu- 
tion (1:100 to 1:1) was applied to urine when 
necessary. 

The precision and accuracy determined during 
the validation procedure are given in Tables 2 and 
3. At low, medium and high concentrations in 
plasma, the overall intra-assay precision was 
8.3%, 0.9% and 3.5% respectively. At the same 
dose level, the precision in urine was 8.2%, 5.9% 
and 4.7% respectively. Both plasma and urine 
quality control samples were also analyzed on 
different days to assess inter-assay variation. 

The limit of quantitation (LOQ) [9] was 5 /~g 
ml ' and was chosen as the lowest concentration 
of  the standard calibration curve. The limit of 
detection (LOD) was 0.8 ~tg m l -  ~. A lower LOQ 
can be expected by loading a larger sample size on 
the cartridges, by reconstituting the residues of  
evaporation in smaller volumes (since sinistrin is 

very soluble even at high concentration) or by 
injecting a larger volume 
HPLC column. 
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Fig. 3. Chromatograms of (A) blank plasma with IS (xylose 
(IlL 100 l~g ml-' ,  50 ILl), (B) plasma sample and (C) urine 
sample of healthy volunteers having received sinistrin (1) i.v. to 
which IS was added. 
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Table 1 
Recovery of  sinistrin from plasma and water (matrix effect) 

Table 3 
Precision and accuracy of  the assay for sinistrin in urine 

Nominal 
concentra t ion  
(fig ml - I  ) 

Recovery'  (%) 

From plasma From aqueous 
sample sample 
(mean ± SD) (mean ± SD) 

20.0 110_+7 9 6 ± 9  
100.0 104 _+ 4 97 ± 3 
300.0 95 ! 3 95 ± 2 

~' Each value represents a mean of n = 6 duplicates. 

The stability of sinistrin in biological matrix 
and at various steps of the analysis was explored 
to assess the substance integrity throughout the 
procedure, starting from sampling at the bedside 
to processing in the laboratory. Spiked urine sam- 
ples (20, 100 and 250 fig ml 1) subjected to three 
freeze-thaw cycles showed no significant change 
from the starting concentration ( < 0.2% overall). 
This is in contrast with urine containing inulin, in 
which precipitation occurs in the samples after 
thawing. When subjected to the above procedure, 
plasma samples at 20, 100 and 300 fig ml 
showed consistently an apparent increase ( + 21%, 
+ 11% and + 9 %  respectively) in the sinistrin 
concentration. There is no valid explanation for 

Table 2 
Precis ion and accuracy of  the assay for sinistrin in plasma 

Nominal Conc. found  Precision Accuracy ~ 
conc. (/lg ml ') (RSD; %) (Deviation: %) 
{/~g ml i) 

Intra-assay 
(n = 6) 

20.0 19.7 2 1.6 8,3 - 1.6 
100.0 111 ± 1 0,9 11.0 
250.0 241 ± 8.4 3,5 - 3.8 

Inter-assay 
(n = 6) 

20.0 19.6 ± 1.9 9,7 - 1.9 
100.0 106 ± 8 7,5 6.1 
250.0 240 ± 15 63  3.9 

~' Found - Nominal 
x 100 

Nominal  

Nominal conc. Conc. found Precision Accuracy" 
(l~g ml t) (iLgml -~) (RSD; %) (Deviation; %) 

Intra-assay 
01 = 6) 

20.0 20.7 ± 1.7 8.2 3.6 
100.0 97 ± 5.7 5.9 2.9 
250.0 271 _+ 12 4.7 8.7 

Inter-assay 
(n = 5) 

20.0 20.2 ± 1.9 10.2 1.0 
100.0 111 + 8  8.8 11.1 
250.0 237 ± 10 4.2 5.1 

" F o u n d  - Nominal 
x 100 

Nominal 

this observation, even though the alteration of the 
biological matrix after the freezing thawing pro- 
cess may give rise to decomposition products in- 
terfering with the detection of sinistrin during the 
HPLC analysis. Therefore plasma samples should 
be immediately centrifuged and frozen, stored at 
- 2 0 ° C  and thawed just prior to the analysis. 

Plasma samples (250 / lg  m l -  1, n = 3) and urine 
samples (100/ lg  m l -  ', n = 3) spiked with sinistrin 
and allowed to stand at room temperature for 24 
h showed a substantial decrease ( - 6 . 5 %  in 
plasma and - 9 . 2 %  in urine) in the nominal 
starting concentration. Therefore plasma and 
urine samples should be immediately processed 
and stored at - 2 0 ° C .  

Interestingly, both urine and plasma samples 
showed no sign of sinistrin precipitation after the 
freeze-thaw procedure, in contrast to the related 
polyfructosan inulin. We found no evidence of  
sinistrin decomposition either in urine or in 
plasma during storage, since the concentration 
values of the control samples were stable over 
time, and the slope of  the calibration curve re- 
mained constant. 

In acidic conditions sinistrin is partially hy- 
drolyzed into its monomeric subunits glucose and 
fructose. Sinistrin was not hydrolyzed during the 
evaporation process, as attested by the absence of 
glucose and fructose peaks on the chromatogram 
of pure sinistrin subjected to this procedure. 



R. S&'haud et al. / J. Pharm. Biomed. Anal. 14 (1996) 483 490 489 

The selectivity of the assay was determined 
using the following drugs or diagnostic markers: 
acetylsalicylic acid, 300 mg 1 ~; ascorbic acid, 15 
mg 1 ~; p-aminohippuric acid, 100 mg 1 ]; chlo- 
ramphenicol, 150 mg 1-l ;  diazepam, 0.3 mg 1-~; 
lidocain, 5 mg 1 ~; nitrazepam, 0.3 mg 1 ~; phe- 
nobarbital, 20 mg 1 ~; quinidin, 4 mg 1 J; 
theophyllin, 20 mg 1 1. None of the above (at 
therapeutic levels) interfered with the analysis. 

3.2. Pharmacokinetics 

The concentrat ion-t ime curves of  sinistrin in 
two volunteers following a bolus intravenous in- 
jection and a constant rate infusion are shown in 
Figs. 4 and 5. 

The renal clearances (CLs) of sinistrin deter- 
mined by the kinetic approach based on the 
plasma disappearance of sinistrin following both 
the bolus injection and the constant rate infusion 
or by the classic urinary clearance method are 
compared in Table 4. The pharmacokinetic 
parameters were determined according to both a 
two-compartment model (non-linear regression, 
S|PHAR program, SIMED Cr6teil, France) and to 
a non-compartmental approach. GFRs estimated 
as the systemic clearance of sinistrin, i.e. without 
urine collection, either from the bolus injection or 
from the constant infusion technique, were super- 
imposable in the same patient, even when mea- 
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Fig. 4. Plasma concentration time curves of  sinistrin in two 
healthy volunteers following a bolus infusion (3100 mg over 10 
min). 
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Fig. 5. Plasma concentration time curves of  sinistrin in two 
healthy volunteers after a bolus (3100 rag) followed by a 
constant  rate infusion (21 mg rain ]). 

sured 1 week apart (104 ml min ~ vs. 106 ml 
min 1; 103 ml min t vs. 110 ml min t ) .  

When the G F R was assessed from the urinary 
excretion rate of sinistrin, the integrated approach 
(Ae/AUC) gave similar results to the systemic 
clearance (108 ml min ~ and 111 ml min ~). 
When derived from the various collection frac- 
tions obtained by spontaneous voiding, a 

Table 4 
Comparison of  methods for calculating sinistrin renal clear- 
ance (ml min ~) after bolus infusion and constant  rate infu- 
sion 

Method Volunteer 1 Volunteer 2 

Bolus infitsion 
1. Two compartments  104 103 

model: non linear 
regression 

II. Non-compartmental  
model: 

(a) CL = D / A U C  105 102 
(b) CL = A~/AUC 108 111 

Constant ir!lusion 
(a) CL = Rinr/'Cs~ 106 
(b) C L = U * V / P ( r a n g e )  142 (108 187) 

l l0  
138 (127 150) 

CL: clearance (ml min i): D: dose (mg); Ae: amount  excreted 
(mg); Rmf: rate of  infusion (rag rain l ) ;  C~: steady state 
plasma concentration (mg ml - I ) ;  U: urine concentration (rag 
ml ~); P: Plasma concentration (rag ml ]); V: urine flow (ml 
min - ] ) ;  AUC: area under the plasma concentration time curve 
(mg min m l -  l). 
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large r a n d o m  var iab i l i ty  was observed in the 
c learance  values.  Hydra t i on ,  and  accordingly ,  uri-  
nary  flow (V), incomple te  b l adde r  emptying ,  pos-  
ture,  exercise, meals ,  t ime de lay  between f i l t rat ion 
at  the g lomeru lus  site and  the b ladder ,  are all 
var iab les  known to influence the c learance  mea-  
sured in shor t  t ime urine col lect ion [13]. The  la t ter  
gives h igher  values for  sinistr in clearance.  The  
cumula t ive  e r ror  o f  the var ious  measured  vari-  
ables  (U, P and  V) in t roduced  in the ca lcula t ion  
(U" V / P )  m a y  con t r ibu te  to the overal l  var iab i l i ty  
o f  this la t te r  app roach .  The  cumula t ive  a m o u n t  
excreted in ur ine (Ae) is in close agreement  with 
the to ta l  dose  injected or  infused to the volun-  
teers, with a mean  recovery o f  104%. 

4. Conclusion 

A rel iable quant i t a t ive  de t e rmina t ion  o f  the 
po ly f ruc tosan  der ivat ive  sinistr in in p l a sma  and 
urine has been deve loped  and  va l ida ted  using 
H P L C  c o m b i n e d  with e lec t rochemical  detect ion.  
This  m e t h o d  represents  a subs tant ia l  improve-  
ment  in the sensi t ivi ty for  the quant i t a t ive  analysis  
o f  the po ly f ruc tosan  sinistr in (down to ~ 5 / lg 
m l -  ~), and  improves  the accuracy  o f  G F R  deter-  
mina t ion ,  enabl ing  its c learance  to be de te rmined  
bo th  af ter  bolus  inject ion and after  a cons tan t  
rate  infusion o f  low dose,  with or  wi thout  s imul ta-  
neous  urine collect ion.  

This  m e t h o d  represents  a useful tool  in studies 
on renal  p a t h o p h y s i o l o g y  and  for  the assessment  

o f  the influence o f  drugs  on the kidney.  The 
poss ibi l i ty  to assess G F R  as sinistrin c learance 
wi thout  urine col lect ion may  great ly  improve  the 
uti l i ty and  the acceptab i l i ty  o f  this a p p r o a c h  in 
clinical settings. 

References 

[I] E. Nitsch, W. lwanov and K. Lederer, Carbohydr. Res., 
72 (1979) 1-12. 

[2] W.S. Praznik and T. Spies, Carbohydr. Res., 243 (1992) 
91 97. 

[3] T. Spies, W.S. Praznik, A. Hofinger, F. Altmann, E. 
Nitsch and R. Wutka, Carbohydr. Res., 235 (1992) 221 
230. 

[4] D.P. Mertz, Experientia, 19 (1963) 248. 
[5] B.H. Wilkins, Pediatr. Nephrol., 6 (1992) 319 322. 
[6] L.F. Prescott, S. Freestone and J. McAuslane, Eur. J. 

Clin. Pharmacol., 80 (1991) 167 176. 
[7] L. Schumann and P. Wtistenberg, Clin. Nephr., 33 (1990) 

35 40. 
[8] I.T. Ruo, Z. Wang, M.S. Dordal and A.A. Atkinson, 

Clin. Chim. Acta, 204 (1991) 217 222. 
[9] V.P. Shah, K.K. Midha, S. Dighe, I.J. McGilveray, J.P. 

Skelly, A. Yakobi, T. Layloff, C.T. Viswanathan, C,E. 
Cook, R.D. McDowall, K.A. Pittman and S. Spector, J .  
Pharm. Sci., 81 (1992) 309 312. 

[10] R. S6chaud, L.A. D~costerd, A. Pech6re-Bertschi, T. Bu- 
clin, M. Burnier, U.W. Kesselring and J. Biollaz, Schweiz. 
Med. Wochenschr., 125 (suppl. 69) (1995) 60s. 

[11] R.D. Rocklin and C.A. Pohl, J. Liq. Chromatogr., 6 
(1993) 1577 1590. 

[12] T.H. Karnes, G. Shiu and V.P. Shah, Pharm. Res., 8 
(1991) 421 426. 

[13] A.S. Levey, M.P. Madaio and R.D. Perrone, in B.M. 
Brenner and F.C. Rector (Eds.), The Kidney, W.B. Saun- 
ders, Philadelphia, PA, 1991, pp. 919 968. 


