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A band of plasma protein which was seemingly specific in SHR was
detected by polyacrylamide gel electrophoresis. This protein was identified
as one of the normal serum proteins in the rat, and was shown to be
increased even in young stroke-prone SHR (SHRSP), especially in those
with stroke-lesions as determined by single radial immunodiffusion. No
alteration of this band was observed in rats with renal infarction
hypertension 3 weeks after operation. This band corresponded to ai-
globulin fraction, and the characteristic increment of this protein fraction
may be utilized as a marker of SHRSP, although its pathophysiological role
is not yet clarified.

In previous reports, an unidentified protein was detected by gel electrophoresis
in the post albumin region of the plasma from spontaneously hypertensive rat
(SHR) and stroke-prone SHR (SHRSP). Although it has been reported that
this protein may be related to the degree of vascular fibrosis, granulation,
diffuse fibrosis, basophilic degeneration and thrombi in the heart and kidney
or related to severe hypertension induced by sodium loading (1) (2), pathogenic
relations between this protein and hypertension or hypertensive vascular lesions
are still uncertain.

In the present study, this protein was examined by polyacrylamide gel
electrophoresis in SHRSP at various ages and renal infarction hypertensive
rats to analyze its relationship to hypertension and also to characterize its
property by immunological methods.

MATERIALS AND METHODS

The pooled plasma of male SHRSP, Wistar-Kyoto rats (WKY), Wistar-
CLEA, Donryu rats at various ages, and also 2 months old WKY with renal
infarction hypertension 3 weeks after Loomis’ operation (3) were used for the
identification and characterization of plasma protein, and seven male SHRSP
and WKY at the age of 40 days were used for the relative quantitative
analysis, using immunological methods.

Blood was collected in heparinized hematocrit tubes by cutting tail arteries,

except in the case of newborn rats when the blood was collected by decapita-
tion. SHRSP and WKY, at the age of 40 days were anesthetized with sodium
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pentobarbital, and the blood was collected from postcaval veins into heparinized
syringes. The plasma was separated by centrifugation (3000 rpm, 15 min,
4°C).

Polyacrylamide gel electrophoresis was performed for the identification of
plasma proteins by a slab gel system (4) (5). The plasma sample was diluted
eleven times with 20% sucrose, and 5 ul of this sample was applied to the
electrophoresis.

The protein was stained with 19, amide black 10B in 7% acetic acid solution
and destained with a solution of 79 acetic acid. The relative densities of
the different bands were scanned.

The characteristics of this protein were analyzed by the double diffusion
technique (6) and single radial immunodiffusion (7). The antiserum of this
protein was prepared by Dr. K. Moriwaki, National Genetic Institute, Mishima,

Japan.

RESULTS

In the case of SHRSP with symptoms of stroke, a band of plasma protein
close to the albumin was detected specifically by polyacrylamide gel

Fig. 1. Comparison of the patterns of plasma
protein in SHRSP and WKY by polyacryl- ; gy -
amide gel electrophoresis(7% polyacrylamide, Fig. 2. Comparison of the patterns of plasma
15mA, 4 hours). apo-SHRSP:SHRSP with protein in SHRSP and WKY by polyacryl-
symptoms of stroke. old WKY : the age amide gel electrophoresis (newborn, 79,
matched normotensive Wistar-Kyoto rat, polyacrylamide, 15 mA, 4 hours),
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electrophoresis but such was not evident in the adult and old WKY (Fig. 1).
However, in the newborn, «,~globulin fraction was so intensely stained both
in SHRSP and WKY that no differences in plasma protein fractions could be
detected (Fig. 2).

Gel electrophoresis was used to detect the band in SHRSP and WKY at
the age of 40 days, blood pressures of which were 13443 and 122 + 4mmHg,
respectively (Table I). A slightly stained band close to albumin was detected
in only SHRSP (Fig. 3).

The alteration of plasma protein similar to that in SHRSP was not found

TABLE 1. Blood Pressure (BP) and Body Weight (BW) in
SHRSP and WKY at Age 40 Days

BP (mmHg) BW (g)
SHRSP (5) 134+ 3* 9216
WKY  (5) 12214 9941

Blood pressure wasr measured >by a tail pulse bick~up rﬁethod.
* : significant difference from WKY (p<{0.05)
( ) : number of rats

Fig. 3. Comparison of the patterns of plasma Fig. 4. Double diffusion technique showing

protein in SHRSP and WKY by polyacryl- reactions between the antiserum of the
amide gel electrophoresis (5 weeks old, 7% unidentified protein fraction in plasma

polyacrylamide, 15 mA, 4 hours). from SHR and various other strains,



Plasma protein in SHR 45

in renal hypertensive rats, the mean blood pressure of which was 171 + 4
mmHg.

This protein was then analyzed by the double diffusion technique. The
reaction was found in SHR, WKY, Wistar-CLEA and Donryu at the age of 6
months (Fig. 4). These findings indicate that this protein is one of the
normal serum protein fractions in the rat.

In 40-day-old SHRSP and WKY, the relative quantity of the band of the
plasma protein was estimated by single radial immunodiffusion (Fig. 5) : the

WKY

. F SHRSP

4”

20 25 30 35 (mm?)
Fig. 5. Diffusion area by single radial immunodiffusion in WKY

and SHRSP at age 40 days. Mean of 7 rats+standard error,
* : significant difference from WKY (p<0.05).

diffusion areas were 29.2+2.8 mm? and 22.0+1.0 mm? in SHRSP and
WKY, respectively, and here there was a significant difference (p<{0.05).

DISCUSSION

The present study indicated that the seemingly specific band of the plasma
protein in SHRSP detected by gel electrophoresis was one of the normal
serum protein fractions in the rat. However, its quantity was relatively
increased in SHRSP, even at the early hypertensive stage so that it was clearly
detected by gel electrophoresis in SHRSP, and no alteration was found even
in WKY with renal hypertension. Therefore, the appearance of this band on
gel electrophoresis depends on the quantitative difference in the plasma level
especially in SHRSP.

Many serum protein fractions have been indentified in humans, but they
have not been analyzed in detail in the rat. The examined fraction of the
plasma from SHRSP corresponds to a-globulin fraction, in which @,-trypsin
inhibitor and a,-acid glycoprotein are major proteins in the case of human
plasma. A,-trypsin inhibitor is reported to be an inhibitor of trypsin, and
the synthesis of this protein is controlled by a genetic locus (8). On the

other hand, a,-acid glycoprotein binds with propranolol and chlorpromazine
etc. (9). These proteins are acute phase protein, and the plasma level is
increased in inflammation, malignant tumors and injury (10) (11). And also
other proteins can be found in this fraction; they are easily precipitable
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glycoprotein, tryptophan poor a-glycoprotein, «a,-antichymotrypsin, thyroxin
binding globulin, group specific component and Zn a.,-glycoprotein. It is
quite reasonable that these proteins are increased in SHRSP with vascular
lesions because of various pathological changes related to arterionecrosis,
thrombosis or smooth muscle proliferation. Why this protein fraction is
increased even in young SHRSP without vascular lesions remains to be
determined. Since vascular protein synthesis is accelerated even in young
SHRSP, the early increase in this fraction may be related to the proliferation
of vascular wall components.

1

2)

3)
4)
5)
6)
7)
8)
9
10)

11)

REFERENCES

Matsuo, T., Nagaoka, A., Mori, K., and Suzuki, Z. (1970) Occurrence of an abnormal
plasma protein in SHR. Nippon Taishitsu Gakkai Shi 34, 44—45 (in Japanese)

Kyogoku, M., Haebara, H., Ooshima, A., Yamori, Y., Ikehara, S., Ohta, T, Okuda, T.,and
Okamoto, K. (1972) Further studies on the cardiovascular system in SHR. In : Spontaneous
Hypertension—Its Pathogenesis and Complications. pp. 155—159, Igaku Shoin, Tokyo
Loomis, D. (1946) Hypertension and necrotizing arteritis in the rat following renal infarc-
tion, Arch. Pathol. 41, 231

Ornstein, L. (1964) Disc electrophoresis. I : Background and theory. Ann, N. Y. Acad. Sci.
121, Art 2, 321

Dams, B. J. (1964) Disc electrophoresis. II : Method and application to human serum
proteins, Ann. N. Y. Acad. Sci. 121, Art 2, 404

Williams, C. A. (1971) Immunoelectrophoretic analysis. Methods in Immunology and
Immunochemistry 3, 234—293

Mancini, G., Carbonara, A. O., and Haremans, J. F. (1965) Immunochemical quantitation
of antigens by single radial immunodiffusion. Immunochemistry 2, 235—254

Kurppers, F. (1971)Alpha 1-antitrypsin : Physiology, genetics and pathology. Humangenetik
11, 177—189

Schneider, R. E., Bishop, H., Hawkins, C. F., and Kitis, G. (1979) Drug binding to a;-
glycoprotein. Lancet 1, 554

Haralamide, G. (1969) Serum ‘‘seromucoid’’ and physical exercise. J. Appl. Physiol. 21,
669 —672

Stériko, K. (1965) Immunologische Methoden zur Bestummug von Plasmaproteinen,
Arztl. Lab. 11, 189



