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TABLE 11. Subcellular Localization of Pm in 
Tliver. 

from 

Fraction Counts/min./MgN % total counts 

A. NaH,PmO, 
Cell debris I 753 

I1 1,102 
Nuclei 1,465 
Mitochondria 1,554 
Supernatant 1,011 

€3. T rime t aphosphate 
Cell debris I 811 

I1 652 
Nuclei 1,519 
Mitochondria 1,618 
Supernatant 1,229 

Cell debris I 409 
I1 3 65 

Nuclei 750 
Mitochondria 765 
Supernatant 551 

C. Polyme taphosy hate 

12.8 
18.7 
24.9 
26.4 
17.2 

13.9 
11.2 
26.1 
27.7 
21.1 

14.4 
12.8 
26.4 
26.9 
19.4 

PS2O4 as a P32 donor to bone, the extent de- 
pending upon experimental conditions. In  
particular , polymetaphosphate has a longer 
body retention and a higher bone-soft tissue 
ratio. The equivalent localization of P32 from 
NaH2P3W4, trimetaphosphate and polymeta- 
phosphate into the nuclei and mitochondria 
of liver cells is offered as evidence that the 
metaphosphates are enzymatically broken 
down to phosphates before incorporation. 

The authors are grateful to Miss Marty Kaufman 
and Mr. Thaddeus Kanabrocki for technical assis- 
tance, to Mr. Theodore Fields for suggestions related 
to P32 assay and to Doctor Y. T. Oester for interest 
throughout the work. 
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Electrophoretic Studies of Bovine Serum. 11. Concurrent Hypoglobulinemia 
and Natural Infections of Eperythrozoonosis.* (24521) 

GEORGE T. DIMOPOULLOS, GENE T. SCHRADER AND LON E. FOOTE 
(Introduced by Sam L. Hansard) 

Dept. of Veterinary Science, Agric. Exp. Station, Louisiana State University, Baton Rouge. 

Although data have been accumulated on 
pathogenesis of eperythrozoonosis together 
with descriptions of the causative agent (1-4), 
no work, thus far, has been directed toward 
physicochemical characterization of altera- 
tions manifested in the host. During the 
present investigations, in which bovine ana- 
plasmosis was studied primarily, i t  was occa- 
sionally observed that stained blood smears 

showed microscopic evidence of eperythro- 
zoonosis prior to experimental infection with 
anaplasmosis. This report presents results 
of serum protein changes concurrent with 
natural infections of eperythrozoonosis in 
calves. 

Materials and methods. Cattle: In  our in- 
vestigation a total of 30 dairy calves of mixed 
breeds, ranging in age from 3 weeks to 6 
months, were studied. They were housed and 
fed as previously described( 5).  Of th’ is num- 
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TABLE I. Electrophoretic Aiialyscs of Scrt1111s 
from Sldenectomized Dairy Calves Naturally In- 
fected with Eperythrozoonosis after Convalescenc~ 

from Surgery. 

Days 
(1)leeding 
intervals) S / G “  G G  TG TYP KI’ 

0 .48 2.64 .5.55 s.4:< -- 
3 .53 2.1 2 4.fil 7.03 -- 

I .45 2.18 5.02 7.27 -- 
1 0 5 7  1.97 4.43 6.95 -- 
17 .53 2.22 .5.08 7.76 - 

.38 3.0.5 4.53 i.l(i 24 
29 . I  I 2.27 7.,54 -- 
31 .59 1.55 4.36 6.95 -- 

38 .$.7 1.46 3.61 6.33 + 
49 .97 .62 3.94 5.78 + 
56 SL, Sl) Sn SD + 

.‘io 3.43 ti.nX -- 6 (1 . I  I 
63 ST) SI) SI) ST) + 
fi(i . i 2  .80 3.Ci2 ci.21 - 
70 SD S1) S1) ST) + 
i.3 .96 .80 :3.22 6.31 - 
80 .8n 1.12 3.57 K42 - 

- 

-- 
36 sn SI) s1, Sl’, + 

-- 

87 .64 1.91 4.29 i .03 -- 
94 .60 2.06 4.37 A.9i _- 

100 .49 2.44 5.30 7.91 - 
.GI 2.87 4.84 7.80 115 

123 .;>I 2.65 4.M i.49 -- 
v -  

* A/G = albuniin/glol~uliii r:i tio. 
GG = gamiiia globuliii 1 
TG = total globulins ‘. :Is g/100 1111 s(’rll?ll. 
TSP = total scruiii proteiii 1 
EP  = appear:iiic(’ of eperpl~ roxooiiosis OIL st:iiiic.~l 

ST) zz iiot r l o i i c ~ .  
blood smears. 

ber 1 7  animals: which had been splenecto- 
mized, and 3 others which were intact. 
showed evidence of eperythrozoonosis. The 
remaining 101 calves, 4 of which were splen- 
ectomized and 6 which were intact did not 
develop eperythrozoonosis. Splenectomy was 
performed to increase susceptibility to esperi- 
mental infections of anaplasmosis( 6 ) .  Re- 
sults shown on alterations in serum proteins 
in all splenectomized calves are for the period 
after recovery from surgery. It has been re- 
ported that the serum proteins return to nor- 
mal levels after several weeks convalescence 
( 5 ) .  Serum proteizis: Sera were separated I)y 
paper electrophoresis in barbital buffer, pH 
8.6, 0.075 ionic strength. The paper strips 
were subsequently dyed with bromphenol 
blue( 7) and scanned with a commercial densi- 
tometer-in tegrator for relative percentages of 
serum protein fractions. Absolute protein 
values on each serum fraction were deter- 

mined after protein nitrogen determinations 
of whole serum were made using. a- semi-micro 
nesslerization technic. 

Results. Since no satisfactory immunologic 
or serologic test was available for study of 
eperythrozoonosis with which results might 
be related to antibody, or to a degree of im- 
munity or susceptibility, the pertinent infor- 
mation derived from a serum protein analysis 
was an indirect evaluation of the disease 
process. The conventional methods commonly 
used have considered changes in gamma 
globulins (GG), total globulins (TG), and 
total serum proteins (TSP) based on g/100 
ml of serum. To a lesser extent the albumin/ 
globulin (A/G) ratio, based on relative con- 
centrations of these fractions, varies widely 
even in normal animals and does not indicate 
a true picture of serum protein changes that 
occur. A low A/G ratio with a high TSP may 
approximate the same figures as a high A/G 
ratio and a lower TSP. 

After convalescence from splenectomy, as 
evidenced by return of normal pre-surgical 
serum protein levels(5) in 17  calves, severe 

l’hl3LE TI. Electrophoretic Analyses of Serums 
f r o m  Non-splenectomized Dairy Calves Naturally 

Infected with Enervthrozoonosis. 

D:ys 
(hlecdiiig 
intervals) A/G‘ GG TG TSP EP 

0 
3 
7 

10 
17 
24 
29 
31 
3 8 
49 
60 
6 t i  
73 
8 0 
87 
9 1 

100 
115 
121 

.30 3.28 4.84 6.72 - 

.48 2.05 4.62 6.84 - 

.41 2.29 4.87 6.88 - 

.34 2.34 4.93 6-61 - 

.34 1.41 4.22 5.65 - 
,46 1.80 4.42 6.44 - 

.44 1.92 4.72 6.80 - 

.76 1.83 3.84 6.74 + 

.81 .72 3.23 5.84 + 

.90 .43 2.95 5.59 + 
ND ND ND ND + 
.81 1.29 3.41 6.16 f 
.61 1.64 4.13 6.65 - 
.59 2.47 4.27 6.80 - 
.K3 2.35 4.47 6.84 - 
.58 3.54 4.28 6.78 - 

.67 3.18 4.16 6.95 - 

.54 2.37 5.21 8.01 -- 

. 7 3  1.81 3.67 6.33 + 
* A/G = albumin/globulin ratio. 

as g/100 ml seruui. 
GG = gamma globulin 
TG = total globulins 
TSP = total serum protein 
EP = appearance -of eperythrozoonosis on stained 

1 
blood smears. 

WD = llot doIic. 
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decreases in amounts of globulins were ob- 
served when infections of eperythrozoonosis 
became established. The A/G ratio increased 
at  this time. In  many cases the decreases in 
weights of globulins amounted to less than 
of previous normal values a t  a time when 
eperythrozoonosis was not detected in eryth- 
rocytes (Table I ) .  The results obtained from 
3 non-splenectomized calves also showing 
eperythrozoonosis were strikingly similar 
(Table 11) in that globulins decreased, while 
A/G ratio increased as soon as the organism 
appeared in the blood. 

Levels of serum proteins for 4 uninfected 
splenectomized calves and 6 uninfected intact 
calves are shown in Tables I11 and IV. These 
animals did not show decreases in globulins 
and increases in A/G ratio as were observed 
in animals naturally infected with eperythro- 
zoonosis. The protein values were considered 
to be within normal range(5). 

Discussion. The outstanding fact that was 
immediately evident was the marked decrease 
in serum globulins, especially gamma globu- 
lin, in calves infected with eperythrozoonosis 
under natural management. These changes 

TABLE 111. Electrophoretic Analyses of Rcruuis 
from Cninfected Splciiectoinized Dairy Calves 

nftcr Coiivalcsccnce from Surgery. 

Days 
(blecding 
intervals) A/G* GG TG TSP EP 

0 
3 
7 

10 
17  
24 
31 
3 8 
47 
49 
5 9 
66 
72 
79 
86 
92 

100 
114 
119 

.5G 2.44 5.01 7.84 

.6l 2.16 4.89 7.86 

.62 2.11 4.72 7.63 

.47 2.32 4.28 6.27 

.4G 2.01 5.03 7.35 

.57 2.29 4.84 7.59 

.49 2.20 5.12 7.63 

.52 2.03 4.75 7.23 

.57 2.47 4 3 2  7.11 
3 9  2.49 4.49 6.25 
.42 2.46 4.93 7.01 
5 5  1.85 4.00 6.19 
.55 1.94 4.64 7.20 
.52 2.00 4.76 7.23 
.46 2.03 4.85 7.08 
$6 1.99 4.79 7.48 
.60 2.50 4.81 7.38 
.54 2.06 4.27 6.40 
.57 2.04 4.33 6.78 

* A/G = albumin/globulin ratio. 

as g/100 ml serum. 
GG = gamma globulin 
TG = total globulins 
TSP = total serum protein 
EP = appearance of eperythrozoonosis on stained 

I 
blood smears. 

TABLE I V. Electroylioretic Aiialyses of Seninis 
from Uniiifected In tac t  Dairy Calves. 

Days 
( bleeding 
intervals) A/(;* GG TG TSP EP 

0 
7 

10 
I7 
21 
28 
31 
38 
47 
49 
60 
65 
72 
80 
87 

100 

.55 

.56 

.63 

.56 

.62 

.64 
-61 
.62 
..55 
.43 
.48 
.46 
.54 
.61 
.64 
.59 

1.89 4.59 7.09 
1.95 5.18 8.10 
1.97 4.45 7.27 
1.99 4.79 7.48 
1.93 4.48 7.26 
1.85 4.55 7.44 
1.96 4.26 6.84 
2.02 4.40 7.12 
2.04 4.30 6.65 
2.01 4.45 6.38 
‘2.05 4.62 6.84 
1.99 4.14 6.03 
2.18 4.43 6.80 
2.09 4.22 0.78 
1.94 4.15 6.82 
2.22 4.17 6.63 

* A/G = albumin/globulin ratio. 
GCt = g:iinin:~ globuliii 1 
TG 1 total globulins } as g/100 ml seruiii. 
T8P = total serum prokin  J 
E P  appcarniire of cperythrozoonosis on stained 

blood smenrs. 

are contrary to popular schools of thought 
concerning alterations produced in serum pro- 
teins during infectious disease processes. It 
is common to recognize increases in globulins 
in bacterial diseases (8,s) but little or no devi- 
ation from the normal in most virus diseases 
(10, l l )  is anticipated. 

Hypogammaglobulinemia has been reported 
in humans( 12,13). In one case, where there 
was an almost complete absence of gamma 
globulin, TSP values were also low(13). 
Surprisingly, however, the patient had not 
become ill with any serious disease until she 
was 2 0  years of age. In  another report(l2) 
several patients, showing recurrent severe bac- 
terial infections, exhibited an almost com- 
plete lack of serum gamma globulin, but in 
these instances TSP concentrations were nor- 
mal. 

Eperythrozoonosis has been reported to be 
an aggravating factor when coexisting with 
other diseases (3). ‘In these instances the 
marked decrease in absolute weights of globu- 
lins, which contain protective substances and 
antibodies, may place the animal in a posi- 
tion of stress making it more susceptible to 
secondary infect ions. 

The direct effect of eperythrozoonosis on 
globulin synthesis, the use of globulin changes 
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i is  possible diagnostic criteria for eperythro- 
monosis and studies of the effects of this 
disease on production of antibody to other 
infectious agents are being investigated. 

Summary. Results on serum protein changes 
in natural infections of eperythrozoonosis in 
calves are reported. Concurrent with micro- 
scopic evidence of infection in the blood, 
serum globulins decreased to an abnormallj. 
low level. This observation offers possibili- 
ties for diagnostic and clinical criteria. The 
implications of hypoglobulinemia in eperyth- 
rozoonosis are discussed. 
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Successful Skin Homografts in Mature  Non-litterinate Rats Treated with 
Fractions Containing Alpha-globulins.” (24522) 

BENJAMIN I3. KAMRIK (Introduced by James B. Hamilton) 
(With technical assistance of 11. A. Kamrin and D. Klein) 

Skin homografts are always rejected when 
exchanged between normal immunologically- 
mature non-littermates of non-inbred rats 
(See review by Medawar ( 1 ) ) . Recently, Axel- 
rod e t  aZ.(2) and Fisher et d ( 3 )  reported 
that pyridoxine-deficien t M‘istar and Long- 
Evans strain rats have retained skin homo- 
grafts for over 70 days. Reporting on their 
non-vitamin deficient Wistar controls, these 
authors found 24% retaining viable skin ho- 
mografts for 60 days. Referring to the com- 
mon finding that no experimental treatment of 
normal animals has resulted in permanently 
retained succesful homografts, Medawar ( 1 ) 
concluded that in the immunologically imma- 
ture animals only the nucleated cell can bring 
about “immunological or adaptive tolerance.” 
Woodruff and Simpson ( 4 )  working with Wis- 
tar rats noted that nucleated cells injected into 
animals less than 2 weeks old can induce some 

*Supported by grant from U.S.P.H.S., N.T.H. 

Y . ,  College of Medicine, Brooklyn, N .  Y .  

degree of tolerance to subsequent skin grafts. 
Puza and Gombos ( 5 )  demonstrated that 
young dogs (11 days post-partum) could be 
induced, by means of repeated exchange trans- 
fusions, to accept reciprocaI homografts. SUC- 
cessful parabiosis involves reciprocal tolerance 
of skin, blood and muscle tissues. A small 
percentage of non-inbred littermates will go 
into successful parabiosis ; non-littermates will 
not unite successfully. However, Kamrin (6) 
achieved successful parabiotic union of non- 
littermate rats (pen-bred Wistar strain) by 
injection of alpha-globulins derived from 
pooled rat blood serum. The blood serum was 
obtained by exsanguination of ageing rats 
from the same colony. Enhancement of non- 
littermate parabiosis by treatment with alpha- 
globulins suggested that treatment of single 
animals might induce tolerance to skin homo- 
grafts. 

Methods. Most alpha-globulins utilized 


