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O¥ THE CLINICAL APPLICITION COF & Iy =LICTROPHOR=SIS PIOC=SS . | S

. (Following is the translaiion of an ariicie by . fnedel, - B A
" Central Clinie, Gopsingen, Gam Tmany, published _.1 ohe ‘ S S
Cerman language periodical id, Wochenschrifi 5, pages . o E
707-709 (1951). “ra.ﬁla.m.on performed by uonsr.ance L. : o - f‘

) 2

In increasing measure inderest. in mdlcal-blo.ogz.cal research has - b
recently focused on the proteins of human serum and plas...a “hile the o : [‘\ .
constituents of blood have been intensively studied for some time the )
difficulties of methodology have slowed the trend to use the .analysis

of pro..e:.ns and peptides in clinicsl cases.] Ii was some newer physio-
chemical, an2lytical mcthod.. emec:.al]y dectropnoresis according to: , ‘
A.Mselius {1), vaich have onened exc noss:.bilitles lead:mg to : D
mportant, experimental resea.nch flndm‘, - g . g

- General use of _this me‘ahod in the clinic was hJ.ndered i‘or two - A ¥ '
reasonS° 1) The-electropnoretlc apparatuses aeveloped for the separation B

-~ of proten.n solutions are prohibitively expensive for wwst clinicians;. : b

) Onlyme serum samplé can be sutdied ab a t:.me so that a larger ;; S
number of :mvesugatlons are not possa.ole. : _ B "‘ Lo

& 'l'here is obnously a need for a s:.mnle, reproauc:.ble mstmmen'h :

sultable for a larger series of experiments, The instrument shouvld .~ | . -
also be inexpensive. Such an instrument was recenoly descrdbed--by - ety £
Grassmann and Hannig (2,3,6). Knedel: kﬁ,é)wx:ep -ibs-eld
applicabionse-igland.and-daseler—{7Y choved, o acids arg)“‘maba
-end-Epenkel—{8)-forSprote mj’sha% Shose 5abeGeness Can be Separated on
filter paper treated with 2 buffer solubion. The proteins and amino
acids may be made visible by staining. 'In carrying this principle . .
further,this investigation focused on developing a dye which would : . i
- stain propor’c:.onally to the concentration of the protein on papers Tais ‘ .
together with a spec:.al rnethod to quantitate the process of the electro~

phorotic separation is now describzd and shows greabt promise as a comon]y

usaful, routine method to be used in hospitals and clinics. YO Rt

. <
‘Methods L \

: Whatman number l paper, L x 30 cm, i; soaked in Veronal-sodium o ¥
acetate buffer according to lichaelis (1); 0.005 = U.0L ml of fluid to- IR ¢
be investigated is applied in a 3 cm. bande The f£ilter paper is placed

in an electrophoresis chamber and the separation cccurrs in 1 hours at
& constant voltage of 110 and 2.0 mA. The protein migrate according to. * ¥
their characteristics toward the anode Following the strip is dried, , ¥
10 mimutes in a dye bath of amido black 10B (saturated 8olne ) in methanol =
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it}lg;();};geizi‘igcﬁl, ::3“}?1":1331 105 Hie to dfsta:‘.:‘. Tre arcas of
o driogd, &yod sirin v o ey 508 A% dater orly salebluc,
fhe dried %haleinu:‘ P 15 thon troated (subnzrged) in parafiln oil and
| ph Lo MAle 1y srancparent, and mowmbed in a ssecial elass
holder which is ritbuc inso tie rocordia s Ton otemaite oo
19Eht oot ooy :; .:.:.,1 ?;.E recording apnarotus. Iga J.r}tc::nsrc:,r el
condod oo .;: _'w;o. :.'"jp*f’j‘?‘,“l?“a"‘ vd protein-cye comlex ud is re-
e 2. PO ocell, iieh cransidits an Lpulse to a recorder. The
graph (profile) is ploticd onto graph paper for further calculations.

con .(‘:ra.isr?::.x}n’ and I-’Z?.z&u}ig (10) ha.x:c c.cter'u.n::'l the optimal conditions

Loz «::ac aying conditions; :E'cprocmc:.o:llty ol rccording and other crrors.
A particular advantasc of Lhais pIocess over optical methods with cell
systens is that the overall process occurrs i 1o distinct, separate
stages 1)electrophoretic scparation, 2) quantitative evaluation. This
allows.onc to do any nwiber of sarples with a single recording system.
In figure 1 is presented a electrophoresis diagram which was obtained
with this procedure,

We have performed 1200 clectrophoretic studics so far, of which
more than 30Q were on paticnts with liver discase. Since we only have

linited space here we will only make some basic corments on the values
obtained during the diseasc conditions.

of serum have long bzen of importance. The development of .tests to detect changes
is constantly going on, and even today the goal to be able to surely and
quickly detect patholigical changes in szrum has nod bzen reached. Iosbv
turbidity and floculation tests show an inerease in the garma globulin
raction. A positive test moy be explained that in these cases a reaction
takes place between the spheroprotein with its symmetrically distributed
charge and the other protein reagents., All these tests contain a mumber

of unreliable factors, temperature, concentration of resagents, subjectivity
of the observer. Somebimes globulins are also displaced during illnesses
and this adds further confusion. We have repeatedly observed in cur
electrophoresis that this method is more sensitive for detecting changes
than other methods which measure elevation of gamma globulin during path-

In clinical diagnosis reactions that detect changes in the composition

ological conditions.

There are less uncertainbties with electrophorcsis, cspecially so
in the measurenment pathologically alterad serua factors. There are con-
tinwous attemmts to designate one of serun altered tests as a specific
nethod to dilineate specific liver illnesses. Riva (13) stated that it
is hardly possible to expect that a liver specific protein reaction can
be determined. Up to now no liver specific test for pathological protein
alterations has been devised - inclucing clectrophoretic procedures. the -
clinical findings at the bedside wrill alirays play a major- role in pointing
the direction of an illness. Oaly then will the methods to assay secrmm
protein alterations come into play in order to cuantitate a disturbance
in the liver. Electrophoresis may give the kind of protein as well as
the amount of change. :
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On the basis of over 300 elecuronhoreuc paiterns on liver illnesses
which were all corrcllated with sorum tests and histological studies on
liver tlssu‘., We are.aodle Lo compare the serwm tests and electrophoresis..
The electrophoretic s scparation of proieins of serum is of much more. value
dmgnostlca.l..y and prognosticaily.

In.chronic diffuse liver parenchyma illnesses we saw with the electro-
phoretic pictures marked gamme globulin elevations. ‘*Ia]mam, Wanderly
and de Nicola (1) recently pointed out heterogeneity of GG in serum of -
ill patients; this becomes even more marked by these procedures. The more
chronic the process the more heterogenedus are ihe. protein patierns of
serum. With elccirophoresis the heterogeneity oi a fraction showed up

-as a different distznce in the mobility as well as in others -in the width
. of the band, In agreenent with the above named authors we could determine
© that damage to protein function in liver in chronic, diffuse processes

is always manifested by wide-band, rounded off Garma i‘ract:.on. The height
of T.he ba.nd is usually less than 1'hs m.dth. : ' ‘

I-Ielgr of Gamma band -

Quot tient Ea.se Width of b band

= less than 1.0.

"'he p:u.ct\.re of figure 2 represeutn.ng an elet:t*ophore*;n.c pattem of
a lon,, term liver cirrhosis shows this clearly.

. If in-the pattern several GG subfractions shov un, then to: ca.lculate
the quotient one must use the base width of all the GG fractions. This

~is because 'l'.he sepa.ratlon oi‘ several subf act.n.ons is a sa.gn of. heterogen°1ty. S

_ Here we w::.ll not dlscuss ‘bhe c.langes in. GG 1n bﬁiary and xa.nuhomauot:.c
_Vcn.rrhos:,s. .

'In acute’ l:i.v'er parenchma illnesses \Heoatitis) we‘sé.w together

-with an clevation in GG an increase in alfa-2 globulin; at this time

the "normal® liver tests were still negative, - When subsequently the

- alfa-2 band decreased and the GG became ‘more clear, the turbidity and
: i‘locula’c.:.on 'bests became positive. -

The electrophoresis diagram obtained when occlusmn-:x.lcberus is sus-

- pected is of interest. In all our cases with occlusions we saw only very

minimal elevations of GG, If the obstructicn is long term than one would

expect thav the electrophoretic pattern might be able to illustrate pa’oh—

ologic changas in the protein pattern of liver cells.

“Kalk and Wildhirt (15) recently reported on & divergence batween !
liver function tests. Occassionally GG levels eppear nob to be. altered

" but these may be a simultansous change in another fraction; parbicularly

alfa-2 globulins, This pathologic condition we can detect very clearly

~ by using paper elsctrophoresiss On the other hand it must be'noted that

there are indeed cases of liver disease whoro no serum alterations can -

 be detected., The authors of reference(18) reported on asymtomatic portal
cirrhoses, Since we have discussed the altersd serun protein asan - -

oxpression of liver disfunctlon, it appears to us that the divergence
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‘_ betveen the serun prota:.n picture and the m.sr.ologa.cal studies in no b
R “Way diminishes the method of slectrophoresis., There are occassionally 3
i o . liver diseases of great seriousness ix which protein alverations are, B
% : not mam.fested. ' :
’ Sumya:-:y; .
o 'A new Y] ectrom.oret.xc method is discussed, &.d :.ts pote“xtlal cluucal s 2
applicat:.ons in liver d:.seaees. e e _ A
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