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Speciation Analysis of Serum Copper by Ultrafiltration Com-
bined with Graphite Furnace Atomic Absorption Spectrometry
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Ultrafiltration combined with graphite furnace atomic absorp-
tion spectrometry (GFAAS) was used to study protein binding
and speciation of copper in human serum. Ultrafiltration was
carried out using a cell unit with ultrafiltration membranes
having a nominal cut-off of 10,000 Dalton. The effects of var-
ious experimental factors including the kind and concentration
of electrolyte, sample storage, pH, pressure and the precon-
ditioning of the membranes on the speciation analysis of serum

copper by ultrafiltration were examined. It was observed that.

4.5+2.3% of the total copper in serum was ultrafiltrable and
this value did not seem to be influenced by the total serum ele-
mental concentration, the pH (6.5—10) and the pressure ( <
1.5 kg/cem?) . The preconditioning of the ultrafiltration system
with 0.1 mol/L calcium nitrate can overcome the adsorption
loss of copper effectively, and the addition of tris-HC] solution
(pH 7.4) to serum accelerates the ultrafiltration. The present
method was proved to be suitable for speciation analysis for its
simplicity, rapidity, small sample requirement and easy con-
trol. The results obtained with the method are accurate and
reliable.
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Introduction

Copper is an essential element of transport and de-
pot protein for oxygen in blood. Its variation is closely
related to the appearance of cancer,! viral hepatitis,
coronary heart disease,? etc. So, speciation analysis of
serum copper is of great importance in further under-
standing various diseases, but it is a difficult task due to
the low concentration and complex organic matrix. Tech-
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niques used for this purpose should be of simplicity and
not disturb the specific metal protein associations. Metal
contamination should be easy to control and less than
10% of the initial total metal concentration in the serum
sample.? Also, the analytical technique chosen for the
determination of metal content in the fractions must be
sensitive enough and the required sample size should be
small. In connection with a program of investigating new
sampling methods for speciation analysis of biologically

. active elements, two-phase aqueous extraction has been

proposed in this laboratory.*

Ultrafiltration is a useful tool for sample preparation
and has already been utilized for the separation of high
molecular weight (HMW ) species and low molecular
weight (LMW) species,®!! but there seems no report on
the speciation analysis of copper by this method, and lit-
tle information about the real influence of important pa-
rameters such as the kind and concentration of elec-
trolyte, the pH and the pressure on the results of the
separation. Furthemmore, in the ultrafiltration the mem-
brane filters can adsorb various chemical species that are
present in the fluids being filtered.®!? The adsorption
loss is often serious and sometimes the species concerned
can not be obtained. Obviously, the sample treatment
technique that can overcome these problems is desirable
for speciation analysis. The aim of the present work was
to develop such a technique for serum samples by study-
ing various factors affecting the ultrafiltration and demon-
strate the speciation analysis of copper in human serum

by ultrafiltration-GFAAS.
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Experimental
Apparatus and operating conditions

Ultrafiltration was carried out using a cell unit fitted
with ultrafiltration membranes having a nominal cut-off of
10,000 Dalion (Research Center for Eco-Environmen-
tal, CAS, Beijing). A Hitachi 180-70 polarized Zeeman
atomic absorption spectrophotometer with an electrother-
mal atomizer was used for copper measurements and its
operating conditions were set as previously reported.*

Reagents and samples

A 1 mg/mL stock solution of copper was prepared
by dissolving cupric sulfate (spectralpure grade) in wa-
ter, which was diluted with water gradually to give a
working solution. Isotonic tris-HCl solution containing
0.05 mol/L tris and 0.15 mol/L NaCl was prepared by
dissolving 6 g tris( hydroxymethyl) aminomethane and 8.7
g sodium chloride in 1 liter of deionised water, and the
pH of the eluent was adjusted to pH 7.4 by addition of
0.01 mol/L HCl. All other chemicals used were of ana-
lytical grade. Human serum samples were collected from
Beijing Zhongguancun Hospital .

Procedures

All components of the ultrafiltering system were
soaked for 24 h in 10% V/V nitric acid and rinsed with
copious amount of water before use. The membranes
were washed twice by ultrafiltering with 1 mL of 0.1
mol/L sodium hydroxide solution and then with water
until the washings were free from copper (as established
by GFAAS).%® Before each ultrafiltration experiment,
the system was preconditioned by ultrafiltering 1 mL of
0.1 mol/L Ca(NOy), first to avoid the subsequent ad-
sorption of copper. And then 0.5 mL of serum sample
and 0.5 mL of electrolyte solution were placed in the
cell and ultrafiltered under nitrogen pressure (1.5 kg/
cm?) for 20 min at room temperature. The liquid that
passed through the membrane was collected in a tube,
then the system was washed twiceby ultrafiltering 1 mL of
electrolyte solution and each washing was collected in a
separate tube. All the three collections were immediately
analyzed for copper without any further treatment, and
the amount of copper was determined as ultrafiltrable

species (including free ion species and low molecular
weight complexes) .

The loosely bound copper was studied by adding
0.2 mL of EDTA (0.4 g/L) to serum (1 mL) before ul-
trafiltration. The copper in the ultrafiltrate was deter-
mined as loosely bound species, which included free ion
species, low molecular weight complexes and the protein
bound species that can be stripped by EDTA (such as
albumin copper) .

Another portion of 0.5 mL serum sample was di-
rectly diluted to 5 mL with water to determine the total
amount of copper by GFAAS.

Total amount = loosely bound species (including
free ion species) + tightly bound species

Results and discussion

Ultrafiltration has already been used for the separa-
tion of HMW and LMW for its simplicity and small sam-
ple size requirements.” However, ultrafiltration has two
serious problems, one being the long filtration time and
the other being contamination and adsorption loss of
species. Again, so far there has been little information
on the influence of important parameters such as the kind
and concentrations of electrolyte, the pH and the pres-
sure on the results of the separation. To overcome the
adsorption loss, in this experiment, an attempt was
made on preconditioning the system by ultrafiltering an
electrolyte solution (H,0, 0.1 mol/L of NaOH, 0.1
mol/L of NaNO;, 0.1 mol/L of Ca(NO;3),, 0.1 mol/L
of CaCly, 0.1 mol/L of NH,SCN or 1 g/L of EDTA).
The results showed that NaNO;, Ca(NO;), and CaCl, all
can decrease the adsorption loss of copper from 80% to
12%, 6% and 8%, respectively, which may be at-
tributed to the fact that Ca’* or Na* can form surface
complexes or is adsorbed on the surface of the cell and
filters, and thus occupies the active adsorption sites. If
the cell was rinsed with NH,SCN or EDTA, the ultrafil-
trable copper was nearly zero, which can be explained
by the complexation of copper with NH,SCN or EDTA
staying in the membrane. So Ca(NO; ), was used to pre-
condition the ultrafiltration system.

To increase the ultrafiltration rate, an experiment
was also made to improve the penetrating properties of
samples by adding an electrolyte solution to them,
i.e., adding 0.5 mL of an electrolyte solution to 0.5
mL of serum to be ultrafiltered. The tested electrolyte
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solutions were isotonic tris-HCl, NH,;HCO;(0.05 mol/
L) and NH,Cl (0.05 mol/L). The experimental results
were shown in Table 1.

Table 1 Effects of different electrolyte solutions on ultrafiltration
time and ultrafiltrable copper of serum

Electrolyte Ultrafiltration Ultrafiltrable
solution time (min) /total amount (% )®
serum alone
40 1.5£0.6
(0.5 mL) g *
isotonic tris-HCl
20 . .38
(pH 7.4) 4.5+£2.3
NH,Cl
H, 20 5.0+£2.8
(pH 6.5)
HC
NH,HCO, 20 12.0+£3.0
(pH 3.4)

@ Mean + standard deviation (n=3); *n=5.

It can be seen that all the electrolyte solutions can large-
ly decrease the filtration time. It is perhaps ascribed to
that the addition of electrolyte solutions affected the as-
sociation of molecules and the coagulation of colloids, as
well as the electrostatic forces between the molecules to
be filtered and the charged layer at the membrane sur-
face caused by concentration polarization. According to
the reported results that the percentage of copper com-
bined with ceruloplasmin in healthy normal serum was
92.7+7.3% > which is obtained by gel filtration chro-
matography (GFC), the ultrafiltrable serum copper (free
ions and small molecular species) should be about
7.3% . From Table 1, however, it is seen that ultrafil-
trable copper can not be obtained quantitatively when
serum itself is ultrafiltered. Only with the help of the
electrolyte solutions such as isotonic tris-HCl or NH4Cl
can satisfactory results be achieved. In this experiment,
isotonic-HCl (pH 7.4) was chosen and the ultrafiltrable
copper obtained was approximately 4.5 + 2.3% of the
total copper. Incorrect and greater amount of the ultrafil-
trable copper (12.0% ) was gained with NH;HCO;, be-
cause this electrolyte (pH 3.5) changed the pH of the
serum sample and the dissociation of copper from pro-
teins occurred. As shown in Fig. 1, the optimal pH
range for the ultrafiltration of serum copper is pH 6.5—
10. Out of this pH range, the protein is destroyed and
the protein-bound copper is released, therefore the ultra-
filtrable copper increases.
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Fig. 1 Effect of pH on the ultrafiltrable serum copper.

Although ultrafiltrable copper varies as a function of
serum pH, the effect is not appreciable when pH varies
within physiological values, so no special precaution is
needed before or during ultrafiltration to make serum pH
stable.

We also found that the relative distribution of cop-
per between LMW (ultrafiltrable) and HMW (nonultra-
filtrable) serum fractions was constant. This partitioning
does not seem to be influenced by the sample aging (at
4°C) and the total serum copper concentration, but if
the conditions change greatly, the protein will be dena-
tured and copper can be released to the ulirafiltrable
fractions (Table 2). This is agreed with the case of ul-
trafiltered serum Al.°

Table 2 Effects of important parameters on the ultrafiltrable cop-

per of serum

Ultrafilirable

/total amount
Sample (%)
Fresh serum 4.522.3
Stored serum (4°C up to 3 months) 6.6+3.2
Fresh serum+ 0.1 mL of 0.01 mol/L NaOH 8.0+£2.5
Stored serum (25°C for one week) 25.0+4.3

* Mean + standard deviation (n=3).

Buffle et al.' reported that the pressure has no
significant effect on ultrafiltration for a given pH and
membrane. But our results disagree with him in that
when the pressure increased the rate of filtration in-
creased too, and as the pressure increased to a level of
1.8 kg/cm’ the rate of filtration decreased considerably
due to the strong concentration polarization at high pres-
sure. In this experiment, the pressure of 1.5 kg/cm’
was chosen. The analytical results of serum copper and
recovery tests in the present study are shown in Table 3.
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Table 3  Analytical results of serum copper and recovery tests of free ion state
Sample Total amount® Ultrafiltrable species Ultrafiltrable/ Added amount® Recovery
P (pg/mL) (ug/mL) Total (%) (pg/mL) (%)
1 1.16 0.05 4.3 0.20 102.0
0.05 95.6
2 0.78 0.02 2.6 0.20 99.2
0.05 101.0
3 1.22 0.07 5.7 0.20 96.8
) 0.05 103.2

“Total amount of serum copper determined directly by GFAAS;® Added amount of copper ions.

We tried to separate that portion of copper which
loosely binds to protein (such as albumin) by ultrafiltra-
tion after a treatment of the serum with EDTA (0.4 g/
I—2 g/L), but owing to the low concentration of loose-
ly bound copper in serum, such an attempt did not suc-
ceed. However, from Table 2 and Table 3, we can get a
result that 94%—97% of seram copper is strongly
bound species, which is obtained by substracting the ul-
trafiltrable copper (including loosely bound species and
free ion species) from the total amount of copper.

Comparison with other methods

There was no paper on the speciation analysis of
copper in serum by ultrafiltration in the literature. Be-
sides using starch block electrophoresis, 1* different kinds
of proteins were usually separated by chromatography . °
Gardiner et al . determined copper and zinc in blood by
ETAAS, after the identification of the free ionic species
and separation of the proteins being carried out by GFC.
Schoeppenthau et al .»* have recently reported the sepa-
ration of serum for the characterization of metal (includ-
ing copper and zinc) and non-metal species by using a
Nucleogel GFC column and 0.2 mol/L NaCl as the mo-
bile phase. Shum and Houk'® studied the speciation of
various metals (including copper) in human serum by
anion exchange and size exclusion chromatography with
detection by inductively coupled plasma mass spectrome-
try (ICP-MS). GFC coupled with AAS or with ICP-MS
is very useful for a simultaneous identification and deter-
mination of different species in biological samples. How-
ever, it is time-consuming and in some cases has a dilu-
tion effect for the concerned species. !’ From our results,
the two problems mentioned above in ultrafiltration can
be effectively solved. Its slow filtration can be overcome
by adding a suitable electrolyte solution to the sample;

and the adsorption loss can be greatly decreased by pre-
conditioning the system with Ca(NO;),. By using the
present technique, the speciation analysis of serum cop-
per has been successfully demonstrated. It is proved that
ultrafiltration is a suitable method for speciation analysis
for its simplicity, small sample size requirement and
easy control.

References

1 Margalioth, E. J.; Udassin, R.; Schenker, J. G. Cancer

1985, 56, 856.

Fisher, G. L. Sci. Total Environ. 1975, 4, 373.

3 Gardiner, P. E.; Ottaway, J. M.; Fell, G. S.; Bums,
R. R. Anal. Chim. Acta 1981, 124, 281.

4 Wang, Z. H.; Zeng, Y.; Ma, H. M.; Liang, S. C. Mi-
crochem. J. 1998, 60, 143.

5 Wang, Z. H.; Song, M.; Ma, Q. L.; Ma, H. M.;
Liang, S. C. Mikrochim. Acta 2000, 134, 95.

6 Hoffmann, M. R.; Yost, E. C.; Eisenreich S. J.; Maier,
W. J. Ensiron. Sci. Technol. 1981, 15, 655.

7 Sanz-Medel, A.; Fairman, B. Mikrochim. Acta 1992,
109, 157,

8 Gonzalez, E. B.; Parajon, J. P.; Alonso, J. I.; Sanz-
Medel, A. J. Anal. At. Spectrom., 1989, 4, 175.

9 Wrobel, K.; Gonzalez, E. B.; Sanz-Medel, A. J. Anal.
At. Spectrom.1994, 9, 281.

10 Das, A. K.; Chakraborty, R.; Cervera, M. L. ; Guardia,
M. D. Mikrochim. Acta 1996, 122, 209.

11  Faure, H.; Favier, A.; Tripier, M.; Amaud, J. Biol.
Trace Elem. Res. 1990, 24, 25.

12 Cooney, D. O. Anal. Chem. 1980, 52, 1068.

13 Bufile, J.; Deladoey, P.; Haerdi, W. Anal. Chim. Acta
1978, 101, 339.

14 Popken, J. L.; Brooks, R. A.; Foy, R. B. 4m. J.
Med. Technol. 1974, 40, 260.

15 Schoeppenthau, J.; Dunemann, L. Fresenius’ J. Anal.
Chem. 1994, 349, 794.

16 Shum, S. C. K.; Houk, R. S. Anal. Chem. 1993, 65,
2972.

17 Sedlacek, J.; Gjessing, E.; Rambaek, J. P. Sci. Total
Environ.. 1987, 62, 275.

\S]

(SONG, J.P.; DONG, L.J.)



