
IN TRO DUC TION
Electrophoresis has been a recognized technique to

identify disorders of blood serum protein fractions.
Abnormal electrophoretic separations can help detect
diseases of the kidneys, liver, autoimmune problems and
acute and chronic infections [13,16]. The most char acte-
ristic and diagnostically useful are the separations observed
in the course of monoclonal gammopathies [13,18].

Elec tro pho re sis is a pro cess that uses pro tein mi gra tion
in an elec tric field. Pro teins are sepa rated as the mole cules 
move with vari ous speed, de pend ing on the charge- to-
 mass ra tio, physi cal shape and size [1,7].

Aga rose gel is the most fre quently used me dium for
rou tine pro tein sepa ra tions. Aga rose gel elec tro pho re sis
(AGE) is used to sepa rate five pro tein frac tions: al bu mins, 
alpha- 1- globulins, alpha- 2- globulins, beta- globulins and
gamma- globulins. Af ter the sepa ra tion, the gel is fixed,
stained and den sy tomet ri cally scanned to meas ure the
con cen tra tions of par ticu lar pro tein frac tions. How ever,
the tech nique of elec tro pho re sis is work- consuming de -

spite avail able ready- made gels, rea gent kits or semi-
 automatic sys tems for elec tro pho re sis [1,15,18].

Cap il lary elec tro pho re sis (CE) seems to be an al ter na -
tive to tra di tional man ual or semi- automatic gel
elec tro pho re sis [18]. Re cently, cap il lary elec tro pho re sis
has be come a fully auto matic sys tem for the sepa ra tion of
pro teins and other bio poly mers, in clud ing blood se rum
frac tions. Ion ized mole cules are placed in thin sili cate
cap il lar ies less than 100 μm in di ame ter and high- voltage
elec tri cal power is ap plied to ini ti ate the mi gra tion and
sepa ra tion of the mole cules to wards the des ti na tion cap il -
lary. The out put is read di rectly at the cath ode end of the
des ti na tion cap il lary by spec tro pho tome try within the
wave range of ca. 200 nm. The ad van tages of cap il lary
elec tro pho re sis in clude high ac cu racy and reso lu tion,
small amounts of ana lyte sam ples and rea gents needed,
short time of analy sis and full auto ma tion of the pro cess
[2-5].

The pur pose of study was to com para tively evalu ate
par ticu lar pro tein frac tion con cen tra tions ob tained by gel
and cap il lary elec tro pho re sis and to ana lyze cor re la tions
be tween those two sys tems and to pres ent graphi cally the
dif fer ences in the re sults ob tained by two sys tems of elec -
tro pho re sis de pend ing on mean con cen tra tions of the
frac tions.
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MATERIAL AND METHOD
The study was con ducted in the group of 98 sub jects.

Among the en rolled sub jects there were 46 women of the
mean age 65±10 years and 52 men of the mean age 61±8
years. The pa tients were treated at the Clinic of He mato-
logy and Bone Mar row Trans plan ta tion, SPSK-1 in Lublin.

Blood was drawn from the cu bi tal vein for clot ting into
tubes with out an ti co agu lant. Af ter 20-30 min of clot ting,
the tubes were cen tri fuged for 10 min at 2,500 rpm. The
se rum ob tained this way, was sepa rated into clean tubes
and ana lyzed. The meas ure ments were car ried out in the
De part ment of Labo ra tory Di ag nos tics, SPSK-1 in Lublin.

In all sub jects, de ter mi na tion of to tal pro tein and pro -
tein elec tro pho re sis tests were per formed in blood se rum. 

AGE was per formed us ing Se bia Hy dragel Pro teine
15/30 kit on Hy dra sys (Se bia, France) ac cord ing to the
manu fac turer's di rec tions. The se rum was ap plied to 0.8% 
aga rose gel in ap pro pri ate Tris- barbital buffer (pH 9.2).
Af ter elec tro pho re sis, the gels were stained with amido
black and destained, and an elec tro pho re to gram was gen -
er ated by scan ning den si tome try us ing Pho re sis 8.6.

CE was per formed on Mini cap with Mini cap Pro tein
6 kit (Se bia, France) ac cord ing to the manu fac turer's di -
rec tions. The kit is de signed for the sepa ra tion of six
hu man se rum pro teins with al ka line buffer (pH 9.9). It is
equipped with two par al lel cap il lar ies, which al lows two
ana lyz ing pro cesses to be per formed si mul ta ne ously.
Buff ered sam ples are in serted into the cap il lary by as pi ra -
tion at its an ode end. Di rect read ing of the pro tein
sepa ra tion out put is read at the cath ode end at 200 nm
wave length.

Quan ti ta tive re sults for each frac tion of the AGE or CE
elec tro pho re to gram were ex pressed in g/dl by mul ti ply ing 
the per cent age of to tal area un der the curve by to tal se rum
pro tein con cen tra tion which was meas ured on the bio -
chemi cal auto ana lyser Co bas In te gra 400 (Roche, Basel,
Swit zer land).

STATISTICAL ANALYSIS
The re sults were ana lyzed sta tis ti cally by STATISTICA

10.0 (Stat Soft) and Med Calc 10.2. The val ues of pa rame -
ters (al bu mins, alpha- 1- globulins, alpha- 2- globulins,
beta-globulins, gamma- globulins) de ter mined by AGE
and CE were ex pressed de scrip tively as arith metic mean

(X), stan dard de via tion (SD), me dian (Me) and per cen tile
range 25-75%. 

Elec tro pho re to gram pro duced by AGE showed con -
ven tional sepa ra tion into five re gions, so quan ti ta tive
re sults for beta-1 and beta-2 frac tions ob tained by CE
were con sid ered as a unique frac tion.

Dis tri bu tion of the re sults was ana lyzed by Shapiro-
 Wilk test and dif fer ences be tween vari ables were evalu -
ated by Wil coxon signed rank test; cor re la tions were
de ter mined by Spear man's rank cor re la tion test. To pres -
ent the char ac ter of dif fer ences be tween the re sults
Bland- Altman plot and Moun tain plot was ap plied. Sta tis -
ti cal sig nifi cance was as sumed at p<0.05.

RESULTS
In the ex am ined group, to tal pro tein con cen tra tion

ranged from 3.48 g/dl to 11.89 g/dl, mean con cen tra tion
of to tal pro tein was 6.95±1.26 g/dl. 

Ta ble 1 pres ents the con cen tra tions of each pro tein
frac tion de ter mined by AGE and CE.

In the ex am ined group mean se rum al bu min con cen tra -
tion ob tained by AGE was 4.02±0.77 g/dl and was
sta tis ti cally sig nifi cantly higher (p<0.0001) than the value 
de ter mined by CE (3.87±0.66 g/dl). Mean alpha- 1-
 globulin con cen tra tion on AGE (0.22±0.07 g/dl) was sta -
tis ti cally sig nifi cantly lower (p<0.0001) com pared to the
con cen tra tions meas ured by CE (0.33±0.10 g/dl). The
con cen tra tions of alpha- 2- globulins on AGE (0.76±0.15
g/dl) were sta tis ti cally sig nifi cantly higher (p<0.0001) in
com pari son to the val ues on CE (0.72±0.16 g/dl). The
con cen tra tions of gamma- globulins on AGE (1.26±1.19
g/dl) were sta tis ti cally sig nifi cantly lower (p<0.0001)
than the val ues on CE (1.30±1.15 g/dl). There were no sta -
tis ti cally sig nifi cant dif fer ences be tween beta- globulin
con cen tra tions de ter mined by AGE and CE.

Ta ble 2 pres ents the cor re la tions be tween each pro tein
frac tion con cen tra tion de ter mined by AGE and CE.

The re sults were highly cor re lated (p<0.0001). The
high est co ef fi cient r=0.933 was noted for al bu min frac tion.
The cor re la tion co ef fi cient for beta- globulin frac tions was
r=0.561 and it reached the low est value (p<0.0001).

Figure 1 il lus trates graphi cally the re sults ob tained by
Bland- Atman plot and Moun tain plot. 
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Ta ble 1. De scrip tive sta tis tics of each pro tein frac tion con cen tra tion

Parameters
Agarose gel electrophoresis Capillary electrophoresis

n X±SD Me 25-75% n X±SD Me 25-75%
Albumin [g/dl] 98 4.02±0.77* 4.21 3.72-4.48 98 3.87±0.66 4.02 3.52-4.33
Alpha-1-globulin [g/dl] 98 0.22±0.07* 0.20 0.18-0.26 98 0.33±0.10 0.31 0.27-0.36
Alpha-2-globulin [g/dl] 98 0.76±0.15* 0.74 0.64-0.82 98 0.72±0.16 0.70 0.62-0.80
Beta-globulin [g/dl] 98 0.70±0.12 0.69 0.61-0.77 98 0.74±0.37 0.68 0.57-0.78
Gamma-globulin [g/dl] 98 1.26±1.19* 0.95 0.68-1.31 98 1.30±1.15 0.99 0.70-1.46

n – number of ex am ined; * p<0.0001



Ta ble 2. Spear man rank cor re la tion be tween the re sults of AGE
and CE

Parameters n
Correlation
coefficient

(r)

Level of
significance 

(p)
Albumin on AGE vs. Albumin on CE 98 0.933 0.0001
Alpha-1-globulin on AGE 
vs. Alpha-1-globulin on CE 98 0.825 0.0001

Alpha-2-globulin on AGE 
vs. Alpha-2-globulin on CE 98 0.771 0.0001

Beta-globulin on AGE 
vs. Beta-globulin on CE 98 0.561 0.0001

Gamma-globulin on AGE 
vs. Gamma-globulin on CE 98 0.867 0.0001

n – number of ex am ined; AGE – aga rose gel elec tro pho re sis; 
CE – cap il lary elec tro pho re sis 

Bland- Altman plot graph (Fig. 1 A1) pres ents the cor -
re la tions be tween the dif fer ences in the re sults of al bu min
con cen tra tions ob tained by both meth ods (AGE and CE)
and the range of al bu min con cen tra tions; gra di ent co ef fi cient 
was 0.157 and it was sta tis ti cally sig nifi cantly different from 
zero (Fig. 1 A1). Per cen tile dis tri bu tion of dif fer ences be -
tween the re sults of AGE and CE de ter mined by Moun tain 
plot was slightly left- wise in clined at the me dian of dif fer -
ences Me=0.195 g/dl, 95% per cen tile range of dif fer ences 
was from -0.71 to 0.73 g/dl (Fig. 1 A2).

Bland- Altman plot (Fig.1 B1) il lus trates sig nifi cant
dif fer ences be tween the re sults of alfa- 1- globulins de -
pend ing on the de ter mined con cen tra tion range; gra di ent
co ef fi cient was -0.287 and it was sig nifi cantly dif fer ent
from zero (p<0.0001). 95% range of dif fer ences was from
-0,26 to -0,02 g/dl at me dian Me=-0,10 g/dl; per cen tile
dis tri bu tion of dif fer ences be tween the re sults was mark -
edly left- wise in clined (Fig. 1 B2).

Graphic il lus tra tion ac cord ing to Bland and Alt man
(Fig.1 C1) found no dif fer ences be tween the val ues of
alfa- 2- globulin de pend ing on the con cen tra tion de ter -
mined, gra di ent co ef fi cient (-0.027) was not sig nifi cantly
dif fer ent from zero (p=0.6464). The range of dif fer ences
as sessed by Moun tain plot was sym met ri cal and ranged
from -0.12 to 0.49 g/dl at me dian of dif fer ences Me=0.04
g/dl close to zero (Fig.1 C2).

The analy sis of beta- globulin frac tion re vealed sig nifi -
cant dif fer ences be tween the re sults de pend ing on the
range of con cen tra tions de ter mined; gra di ent co ef fi cient
was 1.414 and it was sig nifi cantly (p<0.0001) dif fer ent
from zero (Fig.1 D1). Per cen tile dis tri bu tion of beta-
 globulin dif fer ences ob tained by AGE and CE as sessed by 
Moun tain plot was mark edly left- wise in clined; 95% per -
cen tile range of dif fer ences was wide from -2.44 to 0.39 at 
the me dian close to zero  Me=0.01 g/dl. (Fig.1 D2).

Bland- Altman graph (Fig.1 E1) did not find any sig -
nifi cant dif fer ences (p=0.227) be tween the con cen tra tions 
of gamma- globulins de pend ing on the con cen tra tion
ranges. Gra di ent co ef fi cient (0.032) was close to zero
(Fig.1 E1). Per cen tile dis tri bu tion of dif fer ences be tween
AGE and CE re sults on Moun tain plot was slightly right-
 wise inclined at the me dian Me=-0.10 g/dl; 95% per cen tile 
range of dif fer ences was from -0.44 to 1.71 g/dl (Fig.1 E2).

DISCUSSION
The ar ti cle pres ents the re sults of com para tive analy sis

of two elec tro pho re sis sys tems (Se bia): Hy dra sys de -
signed for elec tro pho retic sepa ra tion on aga rose gel and
Mini cap for cap il lary elec tro pho re sis. We as sessed prac ti -
cal use ful ness of both sys tems for di ag nos tic rou tine
in ves ti ga tions. There fore we ex am ined cor re la tions be -
tween sepa ra tions ob tained on both sys tems and looked
for dif fer ences be tween the re sults.

Mean con cen tra tions of alpha- 1- globulins and gamma- 
 -globulins de ter mined by CE were sta tis ti cally sig nifi -
cantly higher com pared to AGE re sults. The frac tions of
al bu mins and alpha- 2- globulins were higher when de ter -
mined by AGE. 

Chartier et al. [4] ob tained simi lar re sults: al bu mins
and alpha- 2- globulins con cen tra tions were higher on AGE
and the con cen tra tions other pro tein frac tions were higher
on CE when Hy dra sys ap pa ra tus was com pared to AGE
and two com mer cial sys tems for cap il lary elec tro pho re -
sis, i.e. Cap il larys 2 (Se bia) and V8 (He lena). 

Bos suyt et al. [2] as sessed three Beck man sys tems for
elec tro pho re sis. CE pro duced sig nifi cantly higher
concen tra tions for alpha- 1- globulins and lower con cen -
trations were de ter mined for al bu mins, alpha- 2- globulins
and beta- globulins com pared to elec tro pho re sis on aga -
rose and cel lu lose gels. Our re sults were con sis tent with
those cited. The authors did not find sig nifi cant dif fer -
ences in the frac tions of al bu mins, alpha- 1- globulins and
alpha- 2- globulins ob tained on aga rose and cel lu lose gels. 

Lit era ture data sug gest that lower val ues for alpha- 1-
 fraction on AGE re sult from big amounts of sialic acid
radi cal in alpha-1 acidic gly co pro tein, which is the mem -
ber of the same frac tion. As a re sult the pro tein poorly
binds the stains used in AGE thus the con cen tra tions ob -
tained are lower [3,4,6,12]. It does not af fect the re sults of
CE, though. 

The af fin ity of the rea gents used to stain each frac tion
can in duce in com pati bili ties ob served in al bu min frac tion
[4]. Data from lit era ture have shown [11,14,18] that very
strong af fin ity of al bu min to stains can pro duce higher
con cen tra tions of al bu mins on AGE than on CE with UV
de tec tor. Our re sults con firm that ob ser va tion too.

The dis crep ancy of re sults may also be ex plained by
the pres ence of aro matic amino ac ids such as phen -
ylalanine, tryp to phan, ty ro sine and histydine in the
pro teins. Those amino ac ids con tain side chains that ab -
sorb light waves of 240-280 nm so they can im pair the
ab sorp tion of pep tide binds at 214 nm wave length and di -
rectly af fect fi nal UV read ing on CE [2].

In the pres ent study, there were no ma jor dif fer ences in
elec tro pho re to grams ob tained by AGE and CE. Simi larly, 
Joliff et al. [9] have dem on strated 96% com pati bil ity of
sepa ra tion in both meth ods in the group of 240 pa tients
with dys pro teine mias. Also Bos suyt et al. [3] con firmed
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that clini cal data ob tained by CE were com pa ra ble to the
re sults ob tained by aga rose or cel lu lose gel elec tro pho re -
sis. How ever, Jaeggi- Groisman et al. [8] and Kalam bokis
et al. [10] pro posed in ter est ing con clu sions. They found
that cap il lary elec tro pho re sis was more sen si tive to de tect
bisal bu mi ne mia than gel elec tro pho re sis.  

The re sults of our re search have shown highly sig nifi -
cant cor re la tions be tween the evalu ated sys tems for
elec tro pho re sis in all pro tein frac tions but beta- globulins
where Spear man's co ef fi cient was lower (0.561; p<0.0001).
The other cor re la tions ranged  from 0.971 to 0.771 (p<0.0001).

Gay- Bellile et al. [6] evalu ated Cap il larys and Hy dra sys
sys tems in a group of 116 pa tients in whom the pres ence
of mono clonal pro tein was ex cluded. They found a very
good cor re la tion be tween the re sults of al bu mins and
gamma- globulins ob tained by both sys tems (r=0.99;
p<0.001), the cor re la tion val ues of other frac tions were
lower.

Simi lar cor re la tions were de ter mined by Wijnen et al.
[17]. They have dem on strated sig nifi cant cor re la tions for
al bu mins, alfa- 2- globulins and gamma- globulins (r=0.95, 
0.99 and 0.97 re spec tively).

Con tra dic tory re sults were ob tained by Bos suyt et al.
[3], who ob served con sid era bly lower cor re la tions com -
pared to our and other authors' re sults [6,17], that ranged
from r=0.41 to 0.67.

The avail able lit era ture [4,6,15] and our study, re -
ported lower cor re la tions for beta- globulins com pared to
other pro tein frac tions. Lower cor re la tion val ues may
have re sulted from the fact that β1 and β2- globulin frac -
tions ob tained on CE were added and ex pressed as the
value of one frac tion to be fur ther re ferred to the re sults
for beta- globulin ob tained by gel elec tro pho re sis. Hence
the re sults are slightly di verse. Lower co ef fi cient of lin ear
re gres sion for beta- globulins can partly re sult from the
struc ture of buffer used to sepa rate the frac tion into β1 and 

β2 in CE. Such a low cor re la tion for beta- globulin frac -
tions may also re sult from a dif fer ent mi gra tion of
beta- lipoproteins in gel elec tro pho re sis and cap il lary elec -
tro pho re sis [12].

Moreo ver, we ana lyzed the cor re la tions be tween the
val ues of mean pairs of re sults for each frac tion with ref er -
ence to the dif fer ences in their con cen tra tions ob tained by
both evalu ated meth ods. There fore we used Bland-
 Altman plot graphic analy sis and the re sults re vealed sig -
nifi cant dif fer ences (p<0.0001) in meas ure ments for the
frac tions of al bu mins, alpha- 1- globulins and beta-
 globulins. The re sults of alpha- 2- globulins and gamma-
 globulins  were not sta tis ti cally sig nifi cant.

The re sults by Chartier et al. [4] were slightly dif fer ent. 
Us ing Bland- Altman plot they found good com pati bil ity
of the re sults ob tained by AGE and CE. How ever the re -
sults of beta  and  gamma- globulin frac tions were slightly
dis persed (V8). They also noted that the val ues of dif fer -
ences be tween AGE and CE re sults were pro por tional to
the con cen tra tions of each frac tion (p<0.001), ex clud ing
al bu mins (V8) and gamma- globulins (Cap il larys 2).

Also Gay- Bellile et al. [6] found sta tis ti cally sig nifi -
cant dif fer ences (p<0.001) in Bland- Altman plot be tween
AGE and CE which were pro por tional to frac tion con cen -
tra tions, ex clud ing gamma- globulins.

CONCLUSIONS
1. The com pari son of pro tein frac tion con cen tra tions ob -

tained by gel and cap il lary elec tro pho re sis re vealed
higher val ues of alpha-1 and gamma- globulins on CE
and higher al bu min and alpha- 2- globulin frac tions on
AGE.

2. High cor re la tion co ef fi cients be tween the re sults of
each pro tein frac tion sug gest that both sys tems are
equally use ful for the sepa ra tion of blood se rum pro tein 
frac tions.
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Fig. 1. Com pari son of each pro tein frac tion ob tained by AGE and CE
A – albumin fraction, B – alfa-1-globulin fraction, C– alfa-2-globulin fraction, D – beta-globulin fraction, E – gamma-globulin fraction;
graph 1 – differences determined by Bland-Altman plot (Center line represents the mean difference, and top and bottom lines represent 
the mean difference ±2SD); graph 2 – percentile distribution of ranked differences on Mountain plot.



3. In com pari son to AGE, cap il lary elec tro pho re sis, de -
spite slight quan ti ta tive dif fer ences noted for cer tain
frac tions, pro vides a fully auto matic pro cess of sepa ra -
tion, works fast and is ef fec tive which proves that it is a
good al ter na tive to gel elec tro pho re sis.
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