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with Coe virus( 11,12,13). Therefore, it was 
considered worthwhile to test HEA for its 
ability to prevent or modify an experimental 
Coe infection in man. Preliminary results of 
HEA treatment of such an experimental Coe 
infection were recently reported( 14) and will 
be described later. 

Summary. The compound Nfi- (2-hydroxy- 
ethyl) adenine (HEA) was effective in favor- 
ably modifying experimental Coe virus infec- 
tion in mice. HEA showed antiviral activity 
when a single injection, approximately one- 
tenth the lethal dose, was given from 24 hours 
before to 17 hours after virus inoculation. 
The toxicity, but not the antiviral activity of 
HEA, was partly reversed by simultaneous 
treatment with a xanthine oxidase inhibitor. 
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Evidence obtained from in vivo studies 
with diseased and injured bone(l,2) on the 
effect of biochemical inhibitors ( 3 ) ,  immuno- 
chemical and histochemical demonstrations (4, 
5,6) suggested that serum alkaline phospha- 
tase is derived from bone. Observations from 
liver studies suggested a hepatogenous origin 
of the increased serum alkaline phosphatase 
found in jaundice and hepatic duct ligation 
(7,8). I t  has also been concluded that where- 
as the major fraction of the serum alkaline 
phosphatase originates from bone, a small 
portion may be produced by liver cells (9,lO). 
By observing the enzyme content in the se- 

* T h e  data in this paper are from a thesis submit- 
ted by the senior author in partial fulfillment of 
the requirements for the degree of Master of Science. 
This manuscript is published with the permission of 
the Director of West Virginia University, Agri. Exp. 
Sitation, Morgantown, as Scientific Paper No. 870. 

rum and other tissues after fasting and fat 
injection( 11) and also the inhibitory effect 
of this enzyme in vitro( 12), an intestinal 
origin of serum alkaline phosphatase has been 
generally accepted. A diverse origin was also 
suggested after carbohydrate ingestion ( 13). 
Water dosing elevates the serum alkaline 
phosphatase ( 14,lS). 

In lieu of the diverse results obtained un- 
der a variety of nutritional and physiological 
conditions, studies were initiated whereby 
changes in the alkaline phosphatase level of 
the chick were observed under more normal 
conditions. The source of the serum enzyme 
was sought during these investigations. 

In recent years, chromatographic tech- 
niques have become available to study the 
difference between functionally similar en- 
zymes(16,17,18). The combined use of chro- 
matographic techniques and isotopic CaP5 
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administration should help to indicate the 
source and role of the increased serum alka- 
line phosphatase. The object of the study re- 
ported here was to investigate the properties 
and similarity of the alkaline phosphatases 
from various tissues under normal conditions 
in order that some of the questions concern- 
ing the origin of serum alkaline phosphatase 
may be answered. 

Meihods and materials. Day-old White 
Leghorn male chicks obtained commercially 
were fed ad libitum the experimental ration 
as reported by Martin and Patrick( 15). The 
chicks were sacrificed on the 3, 7, 10, 14 or 17 
day of age and the blood collected, pooled 
and stored in the refrigerator until coagula- 
tioa occurred. Serum was then separated by 
centrifugation at 2000 rpm and kept in a low 
temperature freezer until assay, usually with- 
in a few days of sampling. Liver and intes- 
tines were removed immediately after sacri- 
fice and washed thoroughly with tap water 
followed by several times with distilled water 
to remove clotted blood and intestinal con- 
tents. The organs were weighed and then ho- 
mogenized in a blendor with 10 volumes of 
cold distilled water for 10 minutes. Homoge- 
nates were stored in a refrigerator at about 
2OC for 48 hours. The tibiae were crushed 
into very small pieces with a stainless stkel 
crusher and placed in 10 volumes of distilled 
water under chloroform at  room temperature 
for 10 days. Homogenates and bone filtrates 
were centrifuged at 7000 rpm for 5 minutes 
and the supernatants (designated crude ex- 
tract) were retained for assay. Alkaline phos- 
phatase was determined colorimetrically and 
reported as Sigma units (amount of p-nitro- 
phenol liberated in 1 hour per ml of serum 
or per gram of tissue). 

A column ( 1.5 X 30 cm) was packed by 
gravity with 2 g (dry weight) of Ecteo1a.t 
The Ecteola was prepared for the column by 
immersing 3 g of dry Ecteola in 100 ml 1 N 
NaOH and washing with distilled water until 
p H  7.5 was reached. A 3% Ecteola suspen- 
sion was made and the column prepared by 
using 66 ml as follows. An amount of the en- 

t EcteoEa (Epichlorohydrin triethanolamine) in an 
intermediate base anion exchanger obtained from 
Carl Schleicher & Schuell Co. 
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FIIG. 1. Alkaline phosphatase activity in various 
tissues from normal chicks 3 to 1 7  days of age. The 
activity 'of this figure is in units per ml or g. 

zyme solution equal to about 90% of its 
calculated exchange capacity was mixed with 
three-fourths of the Ecteola and stirred fre- 
quently for 10 minutes. The remaining one- 
fourth was packed on the column before the 
Ecteola and sample mixture was applied on 
the column. Stepwise elution of alkaline phos- 
.phatase activity from the column was accom- 
plished with 0.01, 0.05, 01.1 and 0.05 N NaCl 
solution at  the rate of 2-3 ml per minute. The 
fractions were collected and assayed for pro- 
tein and enzyme activity. The protein was 
ldetermined by the Folin-Ciocalteu colorimet- 
ric method using egg albumin as reference 
substance and these results were spot-checked 
at  2801-260 mp in a Beckman DU spectropho- 
tometer. 

Results and discussion. Changes in alkaline 
phosphatase activity of various tissues at di f -  
fment ages. Ten chicks were randomly se- 
lected and sacrificed at  3, 7, 10, 14 and 1 7  
days of age and crude enzyme extracts were 
prepared as described and duplicate assays 
made. Serum, bone, and liver alkaline phos- 
phatase increased rapidly after hatching until 
it reached the peak at one week of age, and 
then continued to decrease with advancing 
age. Intestinal phosphatase rose from a low 
level beginning at  3 days of age to the peak 
at 10 days of age and then leveled off (Fig. 
1). The highest liver, serum, and bone en- 
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T A B L E  I. Effect of Dosing 10- to 21-Day-Old 
Cxicks with 1 ml Water  on Level of Alkaline Phos- 

phatase of Various Tissues. 

Treat- r-- A g e  ~~, 
utent 

Tissue (niin) 10 days 14 days 17  days 21 days 

15 
30 
45 
G 0 

Serum 0 
15  
3 0 
45 
G O  

Bone 0 
1 5  
30 
45 
60 

400 
040 
360 
800 
320 
280 
410 
340 
400 
930 
754 
745 
765 
880 

TJnits per g tissue or p ~ r  nil seruni 
Liver 0 320 435 470 490 

15 370 435 450 530 
30 340 420 450 450 
45 300 110 330 390 
60 370 500 435 380 

Tntestirie 0 1480 1890 1860 1580 
890 1800 1980 
620 2040 2460 
590 2080 2320 
800 2160 2060 
230 160 145 
186 120 145 
310 330 160 
260 240 170 
250 230 145 
920 816 410 
820 540 470 
685 510 460 
800 460 400 
820 565 420 

zyme activity occurring at  one week appeared 
to be related to rapid body growth and bone 
formation ( 19) , while the gradually increasing 
intestinal phosphatase activity might be re- 
garded as merely a digestive function to meet 
the increased amounts of food digestion, ab- 
sorption, and detoxification of the accumu- 
lated phosphate compounds. From these data, 
it looks unlikely that the increased amount of 
serum alkaline phosphatase at  one week of 
age was originated from the liver or intestine 
since the average liver phosphatase level was 
found to be 440 units/g of liver, the total ac- 
tivity of this organ was considerably less than 
would account for the increase in the blood 
which at this age is about 8% of the body 

weight. Similar reasoning led us to doubt the 
intestinal origin of serum alkaline phospha- 
tase. Besides, if the intestine was responsible 
for the increased serum enzyme, it might be 
expected that its lower enzyme level would 
be first elevated to a maximum to be diverted 
at  once to the blood. Therefore, the possibil- 
ity still remains that the increased serum en- 
zyme originates from the bone which is about 
20-25c/o of the body weight and possesses the 
highest enzyme activity a t  the same age. 

Egect of water dosing on change of alka- 
line phosphatase activity in various tissues. 
At the age of 10, 14, 17 and 21 days, 25 
chicks were orally dosed with 1 ml Ca45 so- 
lution. Twenty-four hours after Ca45 dosing, 
they were dosed with 1 ml of distilled water 
and sacrificed at  15-minute intervals. Five 
chicks were subsequently sacrificed without 
water dosing and were designated as controls 
(0 min). The effect of water dosage on the 
enzyme activity in various tissues is shown in 
Table I. An increased serum enzyme activity 
was associated with a decreased bone enzyme 
activity in all cases during the experiment. 
The peak of serum alkaline phosphatase ap- 
peared 30 minutes after dosing at  7, 10, and 
14 days of age. Liver and intestinal phospha- 
t e e  fluctuated in the treatments of different 
ages. The change of tibia Ca45 was also well 
associated with serum Ca45 and alkaline phos- 
phatase activity (Table 11). 

The increase in serum alkaline phosphatase 
activity after water dosing appears to have 
some relationship to the dilution of body 
fluid( 1 5 ) .  Evidence from isotopic Ca45 stud- 
ies showed clearly that the change of alkaline 
phosphatase activity in serum and bone is 
associated with calcium metabolism. 

T A B L E  11. Effect of Dosing 10- to  21-Day-Old Chicks with 1 nil Distilled Watcr  on Distribu- 
tioil of CaG Between Bone and Serum. 

"6 1 

Treat.ment 10 clays 14 nays 1 7  days 21 days 
(min) * Bone Sc~uni  Ronc Serun1 Bone Serum Bone Serum 

('ouiits per g of bone and  1111 of serum 
0 11295 36 6045 40 3222 28 1337 36 

15 11070 40 5031 30 2662 26 1170 34 
30 9719 68 4692 45 2217 21 985 58 
45 9842 60 4830 30 2620 26 984 21  
60 10500 80 4195 60 24T5 12 1187 40 

* min = minutes a f te r  water dosing. 
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TABLE 111. Ammonium Sulfate Fractionation of Crude Enzyme Extract from Various Tissues. 

Enzyme 
Saturation Volume activity Total Protein Specific ReGovery 

Tissue (%> (m1> (ml> units (mg/ml) activity (%) 

Serum 

Intestine 

T2ver 

Bone 

0 
0-2 0 

20-40 
40-60 
60-80 

0 
0-20 

20-40 
40-60 
60-80 

0 
0-20 

20-40 
40-60 
6 0-8 0 

0 
0-2 0 

20-40 
40-60 
60-80 

20 

10.7 
14.5 

7.0 

6.7 
22.0 
38.0 
14.0 

21.0 
26.7 
17.5 
16.5 

6.5 
13.3 
12.3 

6.8 

- 

200 

200 

150 

450 

28 
278 

14 
78 

109 
103 
113 
188 
27 
21.6 
90.0 
26.4 
16.0 
52.4 
57.0 

120.0 
356.0 
171.0 

- 
9000 

297 
4013 

98 
15620 

734 
2269 
4317 
3632 
5400 

454 
2404 

46 2 
264 

7860 
378 

1596 
4300 
1160 

- 
.078 

.023 

.042 

.010 

.041 

.027 

.031 

.030 

.012 

.067 

.040 

.132 

.094 

.076 

.083 

.013 

.031 
,044 
.028 

- 
5800 

1200 
7000 
1400 
1900 
4030 
3320 
3770 

15766 
400 
540 
680 
250 
210 
630 

4380 
3870 
8100 
6100 

- 
100 - 

3.3 
44.8 
1.1 

4.37 
14.56 
27.81 
16.94 

8.5 
44.8 

8.6 
4.9 

4.7 
20.2 
54.7 
14.8 

100 

100 

100 

Rapid absorption of water into blood after 
dosing could increase the total blood volume 
thereby lowering the blood calcium concen- 
tration as well as other nutrients. Accompa- 
nied by increased alkaline phosphatase, a 
withdrawal of the storage calcium from the 
skeleton into blood could then be started in 
order to reestablish homeostasis of the blood. 
An increase of serum phosphatase accompa- 
nied by a decline of bone phosphatase also 
suggests that this enzyme seems to' disappear 
from bone as a result of metabolic functions. 
Reabsorption of serum calcium and recalcifi- 
cation seemed to start approximately 301 min- 
utes after water dosing. The higher serum 
Ca45 activity that appeared at  60 minutes 
after dosing may be due to the increased cal- 
cium concentration following restoration of 
normal body fluid level and before complete 
reabsorpt ion. 

Ammonium sulfate fractionation and chro- 
matographic behavior of alkaline phosphatase 
fronz digwent tissues. The crude enzyme fil- 
trates of various tissues from 10 chicks at 14 
days of age were fractionated with ammonium 
sulfate at  0-2076, 20-40%, 401-60%, and 60- 
80% of saturation, since preliminary studies 
indicated that only a very small amount of 
precipitate and enzyme activity could be ob- 
tained at  SO-lOO% saturation following the 

other precipitations. The precipitate from 
each fraction was dissolved in a small amount 
of distilled water and dialyzed against cold 
distilled water a t  2°C for 24 hours with 3 
changes of water. Upon completion of dialy- 
sis, enzyme activity and protein concentra- 
tion were determined (Table 111). The high- 
est recovery of serum, bone, and intestinal 
enzyme activity was found to be present in 
fractions at 40-60% saturation and a t  20- 
40% saturation for the liver enzymes. Mark- 
edly higher specific activity of serum and 
bone was concentrated in fractions of 40- 
60% saturation and liver a t  210-401% satura- 
tion, while the specific activity of intestinal 
enzyme appeared to be evenly distributed 
in the fractions 0-20%, 20-40%, and 40- 
60% of saturation. The closer properties 
of serum and bone phosphatase again sug- 
gested osseous origin of serum alkaline phos- 
phatase. The low recovery of pholsphatase 
activity possibly showed that a loss of major 
alkaline phosphatase activity may have oc- 
curred during fractionation and dialysis. The 
question arises whether the loss of activity is 
due to the 10s of some components which 
are necessary for enzyme activity or some 
other smaller enzyme molecules. Both ques- 
tions remain unanswered. The fractions which 
have the highest specific activity were used 
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FIG. 2. Stepwise elution diagrams from Ecteola 
cellulose of crude extracts of alkaline phosphatases 
from different tissues of chicks. 

for chromatographic separation. The elution 
pattern of these tissues is shown in Fig. 2 .  
The enzyme preparations from different tis- 
sues were successfully separated into 2 or 
3 components. The major component of all 
tissues appeared at about the same position, 
but the minor components were found to 
have different distribution patterns. The en- 
zyme activity ratio of major to minor com- 
ponents of the same tissue ranged from 2 :  1 
to 1 O : l  from tissue to tissue. A marked dif- 
TABLE IV. Specific Activity of Chroniatograyhic 
Coiripoiieiits of Alkaline Phosphat,?se from Diff’er- 

ent Tissues of Chicks 011 Ecteoln Column. 

E i i z p c  
Coinpo- Tube activity Protein Specific 

Tissue neiit ?So.* (uiiits/cc) (nig/cc) activity 

1- 3 
9-12 

1’7-1 9 
9-12 

1 7-19 
‘25-2’7 

5- ’7 
9-1 2 

1’7-1 9 
9-12 

17-19 

9.27 
.5.99 
1.95 
5.80 
2.70 
0.61 
2.70 
4.90 
0.44 

2.30  
0 .97  

.04:3 

.020 
,016 
.0093 
.0043 
.0007 
.003 
. O O G  
.003 

,018 
,007 

218 
298 
195 
624 
628 
924 
88 1 
89 1 
147 
125 
1 39 

x. Fractions of the tube listed were pooled t o  
make u p  the chroma tographic components labeled. 

ference in specific activity was also found in 
different components (Table I V ) .  The closer 
similarity in elution pattern indicates more 
evidence of the osseous origin of serum alka- 
line phosphatase. 

Phosphatase studied in this experiment does 
not show direct evidence that the bone cells 
secrete and liberate phosphatase directly into 
the blood stream, but suggests the fact that 
the skeleton is the most likely source. Other 
techniques such as substrate specificity, in- 
hibitors and activators, heat stability, electro- 
phoresis, and tissue culture studies are in 
progress in hopes that the exact role and 
origin of this enzyme may be found. 

Summary. The results in this experiment 
suggest that the increased serum alkaline 
phosphatase does not appear to be of liver 
or intestinal origin but may be of bone origin. 
Evidence in support of this finding has been 
obtained by the following: changes in alkaline 
phosphatase activity of various tissues dur- 
ing growth, measuring the change of enzyme 
activity and Ca4*j concentration of various 
tissues after water dosing, enzyme properties 
of these tissues during ammonium sulfate 
fractionation and dialysis, and the chromato- 
graphic behavior of this enzyme from various 
tissues. I t  was also observed that the change 
of alkaline phosphatase activity in bone 
and blood is associated with the calcium 
metabolism. 
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Mechanism of Gelatin Inhibition o f  Reticuloendothelial Function.* 
(31084) 

JAMES P. FILKINS AND N. R. DI LUZIO 
Department of Physiology and Biophysics, University of Tennessee Medical Units, Memphi s  

The functional activity of the reticuloendo- 
thelial system (RES) is commonly evaluated 
by measuring the intravascular clearance of 
a variety of inert colloids. In addition, RES 
hypofunction or “blockade” is often experi- 
mentally induced by injection of massive 
doses of particulate matter. Foremost among 
the agents used to measure and depress RES 
function are gelatin stabilized colloids such 
as carbon or gold( 1). 

Previous studies have demonstrated that 
high concentrations of gelatin in preparations 
of chromic phosphate ( 1,2), carbon (3) ,  or 
gold (4) markedly retarded intravascular re- 
moval of the respective colloid. Prior adminis- 
tration of gelatin also depressed the clearance 
of subsequent test doses of colloid in vivo 
(5,6,7) as well as in the isolated perfused rat 
liver (8).  

Several explanations have been offered for 
the mechanism by which gelatin inhibits RES 
function. I t  has been postulated that gelatin 
may retard particle clearance because it either 
competes with the particle for phagocytic 
clones or saturates the phagocytic capacity of 
the RES(3,6). However, it may also inhibit 
clearance by interaction with, or depletion of, 
plasma factors or “opsonins” essential for 
phagocytosis( 5,8,9,10). In addition gelatin 
may directly inhibit the RES(2,7). This 
study presents evidence that gelatin inhibits 
colloidal radiogold uptake by rat liver slices 
due to its interaction with a plasma opsonic 
system. 

Methods. The proceduce employed in eval- 

*This investigation was supported in part by the 
Atomic Energy Commission. 

uating phagocytosis by rat liver slices was 
essentially as previously described ( 1 1 ) . In 
brief, 300-4010 mg slices of liver tissue from 
male Holtzman rats (300-330 g) were incu- 
bated in 3 ml of pooled heparinized (100 
U.S.P. unitslml) plasma containing 400 pg 
of either colloidal radiogold (Abbott Labora- 
tories, North Chicago, Ill.) or 1-5 p human 
albumin aggregates labeled with radioiodine 
(E. R. Squibb and Sons, New Brunswick, 
N. J.). After 30 minutes of agitated incuba- 
tion at  373°C the liver slices were removed, 
washed, weighed, and their accumulated radio- 
activity measured. The uptake was calcu- 
lated as a per cent of the added dose per 
10’0 mg of liver tissue. 

Gelatin was obtained from Nutritional Bio- 
chemicals Corp., Cleveland, Ohio, and was 
prepared and neutralized in 0.9% saline im- 
mediately prior to use. 

Heparinized plasma (100 U.S.P. units/ml) 
was also obtained from mice (AJJ males, 
Jackson Laboratories, Bar Harbor, Maine), 
rabbits (3 kg, male, New Zealand Whites), 
and dogs ( 5  kg, male mongrels). 

Resul ts ,  Effect of gelatin o n  colloidal gold 
and denatured albumin uptakes by rat liver 
slices. To ascertain whether gelatin would 
inhibit phagocytosis in the liver slice system, 
a series of experiments was performed in 
which varying amounts of gelatin were added 
to heparinized plasma prior to the addition 
of either the gold or albumin aggregates and 
the liver slices. As indicated in Fig. 1, gela- 
tin markedly inhibited gold uptake with prac- 
tically complete suppression occurring at  3 20 
pg/ml; however, a gelatin dose as low as’ 10 
,pg/ml produced a 35% depression in colloidal 


