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between amount of urokinase (or other acti- 
vator) added and maximum rate of fibrino- 
lysis for clots with a given amount of incor- 
porated plasminogen (Fig. 4) .  The method 
was useful for quantitating activator in hu- 
man urine, and may be useful for other body 
fluids. 

Summary. The time course of fibrinolysis 
was observed by release of solubilized protein 
from washed clots. The slope of the resulting 
curve was proportional to the amount of plas- 
minogen incorporated into the clots; plasmin- 

ogen added after clotting did not alter the 
maximum rate of lysis. With a constant 
amount of plasminogen, the rate of fibrin ly- 
sis was a measure of the amount of activator 
added. 
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Hardin reported an increased concentration 
of alpha globulin in the serum of C3H mice 
which were rejecting full thickness skin ho- 
mografts, which he interpreted as being a 
non-specific reaction to injury and inflamma- 
tion( 1). Because skin homografts produce 
circulating antibodies of several types and 
gamma globulins apparently are not increased 
during antibody formation, we have ques- 
tioned whether increase in the alpha globulin 
fraction is not the result of specific antibody 
production. We have reasoned that, if in- 
creased alpha globulin is the result of anti- 
body formation, repeated grafting should 
cause a continued rise in this fraction as the 
immune state is increased, and heterografts 
should produce a greater rise in alpha globu- 
lin than homografts of the same size. In  ad- 
dition, if, as Pressman has hypothesized, con- 
centration of tissue rejection antibodies in the 
graft or graft bed is responsible for previous 
failures to demonstrate circulating antibodies, 
alpha globulins should rise following removal 
of the graft if tissue rejection antibodies are 
formed in this fraction of the plasma proteins 
(3 ) .  The following experiments were per- 
formed to determine whether an increasing 
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state of foreign tissue immunity is accompan- 
ied by increased alpha globulin and whether 
excision of a foreign tissue graft has any ef- 
fect upon the alpha globulin fraction. 

Material and methods. C57 mice were 
used for skin donors and C3H mice for recipi- 
ents in the homograft experiments. Skin from 
the ear of New Zealand rabbits was trans- 
ferred to C3H mice in the heterograft experi- 
ments. m e  same donor animal was used re- 
peatedly when multiple grafts were trans- 
ferred. The skin grafts were 2 X 2 cm full 
thickness grafts sutured into a similar size 
defect on the posterior thorax. Just before 
the skin grafts were performed, the tail was 
excised from the recipient animal and 1 cc 
of whole blood was allowed to drop into a 
microcentrifuge tube. At the conclusion of 
the experiment, the mice were beheaded and 
blood was collected from the carotid system 
in the same manner. After clot retraction had 
occurred and centrifugation had been per- 
formed, batches of serum were frozen and 
stored at 0°C. Paper electrophoresis of the 
serum proteins was determined with a Spiiico 
Model R paper electrophoresis apparatus ; 
electrophoresis patterns were not affected by 
freezing, as was shown also by Hardin ( 1). 

Eighteen mice were autografted Ex*. I .  
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TABLE I. Mean Percentages before and after Skin Graft. 

Single graf t  Multiple graf t s  Excision of grafts 
Homo- Hetero- Honio- Hetero- Homo- Hetero- 

Type of graf t  Autogruft g raf t  g raf t  g raf t  g ra f t  g ra f t  g ra f t  
No. mice 18 8 17 9 14 10 18 

Alb. Initial 
Filial 
Diff ereiice 
S.E. of mean cliff. 
Variance of diff. 

Final 
Difference 
S.E. of mean diff. 
Variance of diff. 

Final 
Diff ereiice 
S.E. of mean diff. 
Variance of diff. 

Final 
Diff erence 
S.E. of mean cliff. 
Variance of diff. 

Final 
Difference 
S.E. of mean diff. 
Variance of diff. 

al Initial 

a2 Initial 

p Init ial  

y Initial 

64.64 
58.71. 

5.93 
3.44 

212.69 
7.75 
9.63 

-1.88 
.79 

11.42 
7.08 
5.44 
1.64 
1 .-I1 

35.86 
15.27 
19.15 
-3.88 

3.97 
284.14 

5.25 
7.06 

-1.8 1 
1.01 

18.61 

60.13 
51.34 

8.79 
7.13 

406.28 
10.22 

9.99 
.23 

2.42 
46.86 

5.67 
7.60 

.82 
5.36 

18.53 
26.90 

4.29 
14i.40 

5.41 
4.17 
1.24 
1.27 

12.94 

-1.93 t 

-8.37 

68.84 
57.48 
11.36 

1.97 
66.05 
6.89 
7.18 
-29 

.42 
3.04 
4.73 
7.13 

-2.42 1 
.66 

7.58 
14.22 
24.5 1 

-10.29 
1.18 

23.59 
5.32 
3.68 
1.64 

.64 
6.91 

63.04 
43.11 
19.33t 
3.83 

131.88 
7.88 
9.87 

-1.99 
.9 1 

7.51 
4.83 
9.62 

-4.79: 
3 2  

9.45 
16.69 
23.22 

1.74 
27.31 
7.57 
9.23 

-1.66 
1.27 

24.48 

-11.53* 

62.72 
52.61 
10.11 
2.17 

66.26 
7.88 
8.62 
-.74 
.54 

4.03 
5.89 
7.73 

-1.84t 
.64 

5.77 
16.61 
24.45 

1.37 
26.41 
6.91 
6.59 

.32 

.68 
6.59 

-7.84 

65.43 
53.14 
12.29 
4.39 

192.57 
7.02 
9.24 

-2.22 
1.43 

20.42 
7.37 
5.71 
1.66 
1.81 

32.83 
14.18 
24.43 

1.78 
31.93 
6.01 
7.47 

-1.46 
1.67 

28.1 1 

-10.25 

65.30 
49.24 
16.06t 
3.23 

177.53 
8.55 
8.93 

.9 2 
15.11 

6.2 1 
7.86 

1.14 
23.43 
14.63 
27.87 

1.83 
60.54 
5.17 
6.09 

.85 
13.12 

-.38 

-1.65 

-13.24' 

-.92 

t Probability <.05 Sigiiificaiitly difftwiit froin nutograft. 
* Probability <. lo  
: Probability <.Ol 

by excising a 2 >(: 2 cm skin graft and return- 
ing it immediately to its original site. Eight 
C3H mice were homografted with C57 skin 
and seventeen C3H mice were heterografted 
with rabbit skin. Blood was drawn just be- 
fore application of the graft and 7 days fol- 
lowing the grafting procedure. 

Exp. 2. Seven days following rejection of 
a homograft, 9 mice received a second homo- 
graft from the same donor animal and 14 
mice received a second heterograft from the 
same rabbit which donated the first graft. 
Blood was drawn just before application of 
the first graft and 7 days after application of 
the second graft. 

Exp. 3.  Ten mice were homografted twice 
and 18 mice were heterografted twice, as in 
E?p. 2 ;  the second homograft (or hetero- 
graft), however, was excised 4 days after it 
was applied. In this experiment, blood was 
drawn prior to application of the first graft 
and 2 days following excision of the second 
graft. 

Each recipient served as its own control in 
that both a pregraft and a postgraft serum 
sample were subjected to electrophoresis. The 
difference between the pregraft and the post- 
graft electrophortic pattern was analyzed 
rather than the actual value of either deter- 
mina t ion. 

Although 
there is an apparent decrease in the albumin 
fraction following homografting and hetero- 
grafting, the decrease is significantly differ- 
ent from changes following an autograft only 
following repeated homografts and just after 
removal of heterografts. A decrease in albu- 
min appeared to correspond with a large in- 
crease in the alpha 2 globulin and was signifi- 
cant only when increase of alpha 2 globulin 
was maximum, such as following application 
of multiple homografts. There were no sig- 
nificant changes in the alpha 1 fraction fol- 
lowing any grafting procedure. Significant in- 
crease in the alpha 2 fraction was observed in 
single and repeated homografts when com- 

Results are shown in Table I. 

. 
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pared to autografts and could be reversed by 
excising the grafts prior to obtaining serum. 
In the case of homografts, the increase in 
alpha 2 fraction was greater following re- 
peated grafts than after a single graft. Al- 
though a single heterograft caused a greater 
rise in alpha 2 globulin than did a single ho- 
mograft, multiple homografts resulted in 
larger alpha 2 fractions than did multiple he- 
terograf ts. 

Changes in the beta fraction were found 
only in animals which had been homografted 
repeatedly and in mice which had had an ex- 
cision of a heterograft 48 hours before with- 
drawal of blood. The possibility is not great 
that changes in the beta fraction were signifi- 
cant (p less than .l) and these data should 
be considered only as suggestive. Changes 
in the gamma fraction were not significant in 
any group. 

Discussion. Although, as Hardin pointed 
out, increased levels of alpha globulin have 
been observed in many inflammatory and tis- 
sue destructive conditions, the progressive 
rise of alpha 2 globulins with repeated graft- 
ing, the greater increase of alpha 2 globulins 
in first set heterografts compared to homo- 
grafts, and the decrease of elevated alpha 2 
globulins following removal of homografts are 
suggestive of a cause and effect relationship 
between the development of foreign tissue im- 
munity and rise in alpha 2 globulins ( 1 ) . Fail- 
ure to find a greater elevation of the alpha 2 
globulins following application of second set 
heterografts does not necessarily negate a pos- 
sible relationship between rising alpha globu- 
lins and progression of the immune state. Ani- 
mals which have received multiple hetero- 
grafts often are quite sick in a manner which 
is not understood clearly. In our experiments, 
heterografted mice did not eat normally, lost 
weight, showed a general change in coat tex- 
ture, and often died before an experiment was 
complete. Excision of the heterograft, even 
before necrosis developed, reversed these find- 
ings and was accompanied uniformly by a de- 
crease in the alpha 2 globulins. 

The hypothesis that a foreign tissue trans- 
plant might be absorbing antibodies and that 
excision of the transplant would cause a rise 
in serum globulin was disproven; excision of 

the graft was followed by a decrease in alpha 
2 globulins-presumably because of removal 
of the antigenic stimulus. 

The production of hemagglutinins, as de- 
scribed by Mitchison and Dube and believed 
by them to be separate and not associated 
with tissue antibodies, could be responsible 
for the increase in alpha 2 globulins following 
transplantation of foreign tissue ( 2 ) .  The 
fact that hemagglutinins are produced later 
than tissue antibodies, however, and that they 
continue to be produced after the antigen has 
been removed strongly suggests that hemag- 
glutinins are not responsible for a rise in 
alpha 2 globulins, which, in fact, decrease 
sharply following removal or rejection of the 
homograf t. 

Conclusions. Mice which have received 
homografts and heterografts respond by in- 
creasing the level of their alpha 2 globulins. 
A greater increase of alpha 2 globulins is ob- 
served following the application of second set 
grafts, and a decrease in alpha 2 globulins can 
be demonstrated following excision of foreign 
tissue grafts. Such findings suggest that the 
alpha 2 globulins are altered by foreign tissue 
antibody formation. That such antibodies 
are related to the specific destruction of for- 
eign tissue implants, however, is conjectural. 

Following application of a sin- 
gle homograft or heterograft of full thickness 
skin, albumin, alpha 1, beta, and gamma glob- 
ulin fractions of the plasma proteins of C3H 
mice remain unchanged as compared to 
changes following autografting while the 
alpha 2 fraction increases significantly. Re- 
peated grafting resulted in higher alpha 2 lev- 
els than did a single graft. A return to nor- 
mal of the alpha 2 fraction could be produced 
by excising the homograft or heterograft be- 
fore necrosis occurred. 

Summary. 

The authors express appreciation to Miss Irene 
Melvin for performing electrophoresis determina- 
tions and to Mr. James Grizzle for performing sia- 
tistical analyses. 
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