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4 0;.vCu TE. "EI ELECTROPEORETIC S2AUJ\ PROTEIN PATTEPfl fi BLOOD SEfRUIM
:.:UCOPROTEINS DURING GENERALIZED MUSCULAR EFFORT

r-'. :c:G. Chr. Soc. MIcd. Natur By: C. PoetaCu,
i ',,01. 7'A Pa-ts 671-76, Jul-Sp6 College of '• - nn`

of iaszi. ýhyaiolo,-'y ::o.t
/fDirector:/ Conf. ::. C•-rnru)

, .lIshod experimcntal data from experiments carried out in dogs (11)
.,I:VC s;.o.n a correlation of the blood protein pattern with the total nuco-
protoins and active Donnaggio mucoproteins, with the condition of fatigue
induced by Zencralized muscular effort.

Tihý study of the electrophoretic fractions during the course of
p:,ysical effort in men has given equivocal results: R. De.Lanne et al.
S(2) ",o c during, intense effort on the bicycle exerciser, an increase of the
aiiha-2 globulins; I. Nitescu et al. (9) following an effort of moderate
intensity for a prolonged time, an increase especially of the gamma globulins;
wTherez.s N. Gaglio and R. Mineo (3); and P. Lotti et al. (6) following prolonged
effort, found an increase of the alpha-2 and beta globulin fractions.

rrom •oe comparative studies) regarding the expenditure of energy and
the serum ):ctein electrophoresis patterns in effortof average intensity
carric, on z..rough to fatigue, we foundX a proportional change of all
clcctr,&)>ho:rctic fractions, but especially of the alphg9globulin group, which
arc in. -ar-icular related to effort..C0; the hyper.(alpha-2)-globulinemina
•e•..s zo b. especially pronounced when the body was relatively untrained to
piysical exercise .I

Following the course of the protein electrophoretic fractions in the
blood serum in conditions of measured physical effort, we were able to
determine the protein pattern correlating it in biological tosts to the
intensity of muscular work expended, and by the comparative analysis of
active Donaggio mucoproteins, to evaluate the degree of fatigue reached.-



Wtilods of investigation. The studies %:ere carried out in 20 do-s,
Luit i::iaals, vcigyhing betwcen eight and sixteen kilograns, 1,Co )ere na~ c

to expend an effort by running on a conveyor belt (60-7C ninutes). Blood
k,•s ta•:en from the external sanhenous vein, sedimented with -nticoa'.ulant;
Sa sfcoci:ncn w~as taken at rest, before effort, in order to establish a base
condition, and at the end of the effort; analyses were carried out with the
serum separated by centrifugation, after coagulation, non-hemolyzed. Peter-
!inations both during rest and after effort included the follovin-: total
proteins, refractonetric analysis with a Puifrich-Reiss; fractions of proteins
by electrophoresis in a device for horizontal eloctrophoreis ir. :iichuolO
buffer of VII 8.6, an ionizing force 0.1 on Wathmann 1 filter paper, with a
duration of mtigration of nine hours and an ýl!,ctrical tension of 280 volts;
with staining by means of bromphenol blue; the quantitative evaluation was
carried out by direct photometry of the elcctrophoresis patterns; with
evaluation of the extinction represented in the curves expressed percentually
i'with fractions on planimetry; the active mucoproteins responsible fo-r the
phenomena of obstacle according to Donaggio, were determined with methylene
blue B extra.

Results: Statistical mathematical treatmentsof the value% observedhave shown the following:

Tota! proteins. Value during rest ranged between 38.1 and 67.4 grams
Sper thousand, the average being 61.8 grams per thousand with the standard
ideviation sigma .32; and during the efforts the values ranged between 59.5
72.3, averagc being 64.6, standard deviation sigma 3.8 (fig. 1 - left side).
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Fig. I. Left: total proteins (Gm/L); right: active Donaggio mucoproteins
in UD/,.l during effort, compared with values at rest.
Aibumins: The value during rest ranged between 28.6 and 3S.2, average 31.6

and the standard deviation sigma 1.9: during effort between 26.9 and 36.1,average b 0.6 and the standard deviation sigma 2. 6 (fia. 2, left side).
STotal ,lobulins: Value during rest ranged between 27.2 -Md 33.9; the averagre
Sbeing- 30.2 and the standard deviation sigma 1.6; while with effort they range
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• ;.. ..'.9 and 39.9 , avc-age 34.1 standard deviation sigma 2.4 (fig. 2 -

" i ind id). zaitic alt ins/globulins. Curing rest, this was consid-*'r:iy abovw 1%; the values range from 0.97 and 1.14%, the average was,.,4; t.,h effort they we.e mostly under 1%; the values ranging between 0.71

. .... 1.62%, the average relationship being 0.91%. Alpha-i-globulins:
i1,& iurin:k rest ranged between 0.82 and 2.15 grams per thousand; the
,r:;c• being 1.25 and 2.74 average 1.04 and standard deviation sigma 0.46

3- left). Alpha-2-globulins: Values at rest ranged between 1.73 and
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S~Fin.2. Left: alburtini (G,,;/L,, right: total globulins CGn/L) during
Se~ffort, com~pared w¢ith values at rest.

3.16; C"ie. average beino 2.35 and the standard deviation sisma• 0.47; and with
Seýffort they ranged between 4.27 and 9.80, average 6.3S and the standard

Sdeviation:- sigma. 1.38 (f•tg. 3 - right side). Alpha-3 -globulin values at
°• rest were between 4.24 and 5.57, average 4.89 and standard deviation sigma
S~0.81; while with effort they ranged between 4.02 and 6.17, average S.22 and
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Fi.3. Left: alpunin3 ((ThiL); (C~htL: rgtota ap-2globulins Cr)drn

ef Lduring effort, compared with values at rest.
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cL:-2 •Ix.9 and 39.9, average 34.1 standard deviation sigma 2.4 (fig. 2 -

/1.i~ Ji, Lad LidC), l~atic albiurins/globulins. During rest, this was consid-

,:r2:'/ above %l; the values range from 0.97 and 1,4%, the average wasI 1.84; .ith effort they wc.c mostly under 1%; the values ranging between 0.77
•..,, l,02, the average relationship being 0.91%. Alpha-l-globulins:
"Val1ýes 'urin, rest ranged between 0.82 and 2.15 grams per thousand; the

r~cr:gc being 1.25 and 2.74 average 1.34 and standard deviation sigma 0.46
( fi . 3 - left). Alpha-2-globul'ns: Values at rest ranged between 1.73 and
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Fi!.2. Left: alburins (Gm/L'); right: total globulins (Gn/L) during

effort, compared with values at rest.

3.16; tCc average being 2.35 and the standard deviation sigt. 0.47; and with
effort they ran-ed between 4.27 and 9.80, average 6.35 and the standard

deviation, sigma 1.38 (ftg, 3 - right side). Alpha-3-globulin values at

cest were between 4.24 and 5.57, average 4.89 and standard deviation sigma
0.81; while with effort they ranged between 4.02 and 6.17, average S.22 and
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Fi,-.3. Left: alpha-l-t-lobulins (CO, L): right: alpha-2-globuli~ns

(CCm/L) during effort, compared with values at rest.
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;:rd duviation sigria 0.59. Total Alinha Globuii:.s.. Values at r_:t
r;.;•d ,bctt;en 6.86 and 10.07, tL|e average being 8.61 and standard deviation
si4.ra 9.ES, and with effort the, ranged beti..een 10.75 and 17.57, avera-e
13.72 Lnd stardard deviation sigma 1.80. Total beta globulins. Values
at rest ranged between 7.4 and 9.4, average 3.0 and standard deviation sigma
0.6; with effort they ranged between 6.0 and 9.1 with average 7.5 and
standard deviation sigma 1.0. Total gamnma glob~ilins. Values at rest betwecn
11.14 and 15.1, average 13.6, standard deviation sigma ccual to 1.0; with
e.ffort they ranged between 10.6 and 14.9, average 12.9, standard deviation
si,;:.a 1.0. Active Donaggio nucoproteins. Valucs at rest ranged betweein
4.92 and 9.83 UD/ml; the average was 7.01 UD/ml, standard deviation sipr,.a
1.53; with effort they ranged between 10.22 and 16.96 UD/ml, the average
being 13.95 UD/ml, standard deviation sig--a being 2.52 (fig. I - right side).

Discussion. Inspc.tion of the various reports devoted to evabintion
of paper-electrophoretic protein fractions from the blood serum of dogs reveals
that the data obtained are not very easily comparable between authors, and
that the physiological ranges fluctuate between very wide limits. This
observation makes it mandatory to undertake a control study for the determin-
ation of normal values before starting any experimental studies, so that
the base values may first be known by repeated tests under various conditions.
Following this principle M. Mosinger et al. (7) felt that it was possible
to linit the errors to a minimum depending on the natural variation which
occurs in dogs. Working in this manner, in a constant environment and with
values established in doLM exposed to effort, the results may have a value
independent from any inherent technical errors of the study.

Comparing our results with regard to different electrophoretic
fractions, with data obtained by work with normal values as reported by
various authors who have worked under similar conditions, we find that the
average values reported by J. A. Hlerman (5), can be interpreted quite
diffe-cnt-ly in view of the values reported by W1. Boguth (1). Analyzing our
results in this way we identify seven globulin fractions in the serum of
dogs for which the electrophoresis patterns were reproduced by P. Groulade
and J. Groulade (4), and M. Mosinger et al. (&) who have not distinguished
further between five globulin fractions. We may comment that in our technique
of staining the electrophoresis pattern on paper we utilize a hromphenol blue,
whereas the results reported in the literature were obtained with starch
black. These aspects do not permit a rigorous comparison of the results
obtained by these authors and similarly with the patterns of serum proteins
c lectrophoresis of human serum, obtained in different conditions and showing
different fractions, with the number of fractions presented by the authors.

In general, the fractions alpha-3, beta-1, ga•ma-l, present rather
cznsiderable variations at the time when these constituents are quite small
z.nd do not exceed 10% of the average value; because of this fact it is
iifficult to obtain good reproducibility of data and it is essential to carry
out experiments with individual animals, comparing the results obtained with
rest with dons following generalized muscular efforts, rather than with a
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""U'sX ali-SZt rest.

In conditions of physical effort, it is generally observed that there
i .. odification w.ith rngard to the percentual composition of all of the

ceh-czro)ihoret..c fractions, but especially in a constant manner, of the group
o0 z±!T:ha fractions. These variations in the sense of an increase of

.oncc.-';t.ration, following physical effort, with comparison to the values
oJZainced euring rest, are especiMlly present in globulinsalpha-l, and most
,ro;..o....ccý-.1y among aiphu-2-globulins, which show very clear differences;

v:iLerc.,s the albumtin tends to decrease and the beta and gamma globulins show
rClatively insignificant variations.

Correspondingly we see that the concentration of active Dnragggo
T.,ucoprotein in the blood serum becomes an important value, which moves in
zxh scnse of globulin fractions of the alpha group, showing a relationship
to their behavior in this sense.

17These patterns of active Donaggio nucoproteins and eo the electrophor-

etic fractions of the gar-=a globulins during the course of generalized muscular
eifort suggest a theory according to which the protein pattern may represent
a biological test revealing the intensity of the muscular effort expended;
and by comparative analysis of the mucoprotein pattern, it may be possible
to deduce the degree of fatigue experienced.


