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mice was studied. Plasma samples obtained from the retro-orbital sinus were assayed using the
Bessey-Lowry-Brock procedure. Osteosarcomas were induced in 55 mice with FBJ virus and in 26
mice with strontium-90. In the FBJ virus study group weekly enzyme assays were begun on mice 4
weeks of age and followed over an 8 week period. No rise in alkaline phosphatase values occurred in
mice with FBJ virus induced osteosarcomas. Enzyme assays of the strontium-90 test group were begun
on mice near 3 months of age and were continued for 8§ months. Twenty-one of the strontium-90
injected mice which developed osteosarcomas had significantly elevated alkaline phosphatase levels
compared with normal controls. Elevation of values occurred as much as 2 to 8 weeks prior to
roentgenographic tumor detection. Five other mice with strontium-90 induced osteosarcomas failed to
show elevated alkaline phosphatase levels until 2 to 6 weeks after radiographic detection of tumors.
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ABSTRACT

Experimentally induced- osteosarcomas are detected roentgenograpii-
ically in mice. In order to develop a more practical and earlier means
of osteosarcoma detection the alkaline phosphatase level of CFl/Anl
mice was studied. Plasma samples obtained from the retro-orbital sinus
were assayed using the Bessey-Lowry-Brock procedure. Osteosarcomas
were induced in 55 mice with FBJ virus and in 26-mice with strontium-90.
In the FBJ virus study group weekly enzyme assays were begun on mice
li weeks of age and followed over an 8 week period. No rise in alkaline
phosphztase values occurred in mice with FBJ virus induced osteo-
sarcomas. Enzyme assays of the strontium-90 test group were begun on
mice near 3 months of age and were continued for 8 months. Twenty-one
of the strontium-90 injected mice which developed osteosarcomes had
significently elevated alkaline phosphatase levels compared with normal
controls. EFElevation of values occurred as much as 2 to 8 weeks prior
to roentgenographic tumor detection. Five other mice with strontium-90 -
induced osteosarcomas failed to show elevated alkaline phosphatase
levels until 2 to 6 weeks after radiographic detection of tumors.:.




INTRODUCTION

The only chemical analysis of blood pertinent tb osteosarcomas is
the serum alkaline phosphatase level (Jaffe, 1959). .Values from 2 to
4O times the upper normal limit have been reported in humans with
osteogenic sarcomas (Schwartz, et al., 1969). In mice a strong hisio-
chemical activity of alkaline phosphatase has been noted with osteo-
sarcomas, although blood levels of alkaline phosphatase have not been
correlated with the presence of osteosarcomas (Timmer, et al., 1968).

A comparison of plasma alkaline phosphatase levels and osteosar-
coma development has been made in'thié study to provide a more
practical and earlier means of tumor detectién in experiméntal mice
than is possible by the use of roentgenographs. In terms of expense
alkaline bhosphatase tests are advantageous, for they are one-third
the cost of x-rays. For example, materials for 500 alkaline phosbhan
tase assays cost approximately $23 compared with $69 for 500 x-rays.

. Osteosarcomas in CFl/Anl mice were induced with FBJ virus or
strontium-90., Alkaline phosphatase levels were determined using the
Bessey-Lowry-Brock method. Tumors were detected radiographically and
their appearance was correlated with alkaline phosphatase levels.
Uninject ed animals were tested concurrently to establish a base line

of normal values.




REVIEW OF LITERATURE

Neoplastic processes are found in all vertebrates (Schlumberger
and Lucké, 1948). The most common primary maslignant neoplasm of bone
is the osteosarcéma, which is fatal in most instances, irrespective
of treatment (Bennett, 1961). Osteogenic sarco&as are highly malignant
tumors of osteoblast cells and usuelly arise in the periosteum
(Moulton, 1961; Reifenstein, 1962). Most tumors originate from osseous
tissue di;ectly,'alphough some may begin in soft tissue by metaplasti§
differentation of mesenchymal tissue to produce an osteoid (Robbins,
196k) .

M osteosarcoma usually forms a large white fibrous mass with
variable areas reseﬁbling cartiiage or bone (Cotchin, 1957). The neo-
plasms are round, ovoid, or spindle-shaped snd have intimate associ-
ation with the bones from which they arise. From one-fourth to one-
half of the affected bone may be replaced by neoplastic tissue (Moulton,

1961) .

RADIONUCLIDE INDUCTION OF OSTEOSARCOMAS
Radioactive substances with metabolic activity simiiar to calcium
are extremely éffeétive in producing bone tumors (Brues, 1956; Biskis
and Finkel, 1970). One of the first.elements to be implicaﬁed in the

production of bone tumors was radium (Bennett, 1961). Strontium-90,




another bone-seeking radionuclide, has come into prominence due to its
presence in radioactive fallout (McLeaﬁ, 196l) .

Carcinogenicity of radionuclides is related to their physical and
chemical properties (Finkel, et al., 196L). The emission of high-
energy beta particles and a long half-life of 27.7 years are two
features which make strontium-90 an excellent carcinogen (McLean, 196k).
The solubility of strontium enhances its absorption from the gastro-
intestinal tract and entry into the blood stream (Petrov, et al.,
1966). Strontium locates in areas where bone is being formed or re-
constructed (McLean, 196)). The incidence of bone tumors caused by
radiostrontium can apnroach 100% (Ito, et al., 1969).

Chronic oral exposure to strontium-90 gives a more uniform distri-
bution of radiation in the bone than s single dose (Howard, et al.,
19695 McLean, 196L). Deposition of strontium occurs mainly in the
ﬁineral phase of bone through diffusion exchange, recrystallization,
and new crystel formation (Brues, 1956). Results from experiments
using intravenous injections of strontium-90 show that a single dose is
more carcinogenic than fractionated amounts of the same dose given over
a number of days (Finkel, et al., 196l). # single intravenous injec-
ﬁion yields an uneven skeletal deposition and msy lead to tumors in one
or more bones. Hot spots in the bone result in focli of severe necrosis

while other regions of the same bone are relatively unaffected.
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Sublethal ;mounts of irr#diation are necessary for the inducement of
neoplastic changes, since animals die before tumor appearance with high
dosages (Brues, 1956).

A latency time has been noted between the administration of a
radioactive material and the appearance of tumors. Experimental
evidence ipdicates that tﬁmor latency time is the same for all ages of
mice receiving strontium-90 injectionse‘ The earliest radiographic
identification of tumors.was 98 days after ﬁhe optimum éarcinogenic
amount of strontium-90 had been‘injeéted (Finkel, et al., 1966a).
Within the sublethal range the incidence of sarcoma formation increases
with the amount of radiocactive material administered. There is usually
an abrupt rise in the incidence of bone sarcomas aﬁong animals survive
ing longest with'relatively high doses (Jaffe, 1959). The incidence of
bone tumors in mice is reduced as smalier doses of strontium are admin-
istered (Brues, 1956). There appears to be a threshold below which
sarcomas are not induced since no malignant bone tumors have been
produced by a dose of 8.9 micro Curies (uCi)/kg body weight (Finkel,
et al., 1959). An intravenous injection of 1.0 nCi/g body weight
appears to be an optimum dose of strontium-90 for tumor induction
(Finkel, et al., 1966a).

Typical radiation-induced osteos;rcomaS‘ﬁsﬁally appear first as

areas of increased or decreased density within bone in the metéphysealﬂ




or epiphyseal region. The tumor breaks through the bone cortex and
spreads by direct extension and invasion of adjacent tissue (Finkel,
et al., 1966a; Finkel and Biskis, 1969). Radiographically the lesions
are quite osteolytic, resulting in extensive areas of bone destruction
(Howard, et al., 1969). Streaks, patches, or even large blotchy areas
of radiopacity reflect the presence of bone necrosis and its conse-
quences. Scattered areas of radiolucency are also present (Jaffe,
1959; Dunlag), 1966) .

It has been suggested that radiostrontium usually induces osteo-
genic sarcomas by inactivating a viral inhibitor (Finkel and Biskis,
1969) . There is evidence that a virus msy reside in the mouse at the
time of irradiation (Huebner and Todaro, 1969). Germ-free mice are
rendered leukemic by irradiation in the absenée of contamination by
microorganisms from the environment. Tissues of germ-free mice with
i—ray induced leukemia as well as normal germ-free mice contain
leukemia virus-like particles (Kajima and Pollard, 1965). All stron-
tium-90 inducea tumors examined in thin section have contained virus-

like particles (Finkel and Biskis, 1969).

FBJ VIRUS INDUCTION QF OSTEQSARCOMAS
In 1966 a unique viral agent was isolated from a spontaneous
osteosarcoma of a CFL/Anl mouse by Finkel, Biskis, and Jinkins. Tumor

extracts injected into newborn mice czused the development of




osteosarcomas. This agent has been named the FBJ virus. It differs
from other oncogenic viruses in that it produces only osteogenic
sarcomas (Finkel, et al., 1966b). It is a Type C RNA virus with = .
complement-fixing antigen characteristic of the murine leukemia-
sarcoma viruses (Finkel, et al., 1970). Electron microscopy demon-
strates Type C viral particles both in cell-free extracts and in
ultrathin sections of osteosarcomas induced by the FBJ virus (Finkel,
et aio, 1966a) . |

Newborn mice are more susceptible to FBJ virus-induced tumors
thap older animals (Gross, 1970). The appea}énce of an osteosarcoma
in one mouse is usually followed shortly by the appearance of tumors
among other members of the injected litter. However, animals in the
same litter may not be equally sensitive to the virus (Finkel, et al.
1966b), In 1969 Kelloff and his coworkers found that CFW and NIH

.Swiss mice were highly susceptible (LO-L5%), and.CS7Bl was weakly
susceptible (10%) to the FBJ virus. No tumors were induced in new -
born NIH hamsters or newborn Fisher rats (Kelloff, et al., 1969).

The ribs were the most frequent site of tumor formétion with FBJ
virus~-induced osteosarcomas (Finkel; et al., 1966a). Tumors appeared
subcutaneously at or near the site of inoculation (Kelloff, et al,
1969). The tibia had tumor growth primarily in the periosteum and

the marrow cavity was infrequently involved, and then only slightly ‘




(Finkel,.et al., 1966a). Osteosarcomas may occur anywhere along the
bone, first as cortical thickening and as small areas of increased
density in soft tissues adjacent to the bone (Finkel, et al., 1966b),
The principle growth is éeriosteal, end as the tumor enlarges, it
appears to evoke periosteal growth in nearby bone (Finkel, et al.,
1966a). Growth proceeds peripherally with delayed involvement éf
deep cortical bone (Finkel, et al., 1966b). Induction time for tumor
appearance after virus iﬁjection decreased from 280 days in the first
passage of the virus to 21 days after subsequent passages'(Finkels

et al., 1966a). '

The roentgenographic appearance of virus-induced tumors is some-
what different from osteosarcomas induced with strontium-90. In con~-
trast to radionuclide-induced lesions, FBJ virus tumors first appear
as sreas of periosteal growth or as regions of bone formation in soft
tissue adjacent to the bone. They may occur anywhere along the bone
surfaces. Radiographs may show a sunburst pattern with older lesions
due to an invasion of soft tissue adjacent to the bone and subsequent
calcification of the surrounding tissue. Successive passages of the
virus have not changed the radiographic appearance of tumors (Finkel,

et al., 1966b).

THE EFFECT OF OSTEOSARGOMAS ON ALKALINE PHOSPHATASE ACTIVITY

Histochemical analysis of osteosarcomas regularly shows a high
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concentfation of alkaline phosphatase, with the enzyme activity being
greater in the more rezpidly growing portions of the tumor. The
concentration of alkaline phosphatase is greatest in the vicinity of
the blood vessels. The blood level of alkaline phosphatase parallels
the course of the tumor, being reduced by tumor, excision and in-
creased by extension or metastasis to other tissues (Reifenstein,

1962).,

ADDITIONAL FACTORS WHICH AFFECT ALKALINE PHOSPHATASE ACTIVITY

Bone alkaline phosphatase, first discovered in 1923 by Robison,
is highly concentrated in "the osteoblasts with microsome fractions
yielding the greatest amount of the enzyme (Vaes and Jacques, 1965).
The elevation of alkaline phosphatase is associated with a number of
bone diseases other than osteosarcoma. Such conditions may include:
rickets, Paget's disease, primary hyperparathyroidism, osteomalasia,
Von Recklinghausen's disease with bone invqlvement, osteitis
deformans juvenilia dué to vitamin D deficiency, malabsorption of
calcium,‘or renal tubular dystrophies (Damm, 1965, Davidsohn and
Wells, 1963; Kay, 1930).

Under normal physiologic conditions the blood level of bone
alkaline phosphatase may fluctuate (Fennelly, et al., 1969). Kuan
and his associztes (1966) noted a change in the alkaline phosphatase

level of developing chicks. Others have also noted a variation of




alkeline.phosphatase levels in humans of different ages. In neonates
and children, normal values range from upper adult levels to approxi-
mately two times the upper normal levels of adults. ‘In the 3 to
10 year old group, a. steady decline occurs. With the onset of puberty .’
values begin to rise sgain, with a return to normal adult levels after
puberty (Davidsohn and Wells, 1963). Experimental evidence indicates
that ﬁhese prhysiological variations are due to the osteoblastic
activity of bones (Eisenberg, 1979). Genetically endowed variations
‘may also occur. Rats have a high alkaline phosphatase activity com-
pared io that of other species (Saini and Posen, 1969). In inbred
strains of mice, alkaline phosphatase levels vary as much as 12 King-
Armstrong units among different mouse strains (Yuhas, et al., 1967).

Other tissues besides bone which contain a high level of alkaline
phosphatase include the intestinal mucosa, placenta, kidney, and liver
(Posen, et al., 1967; Damm 1965; Fishmsn, et ai.,, 1962). . Even within .
the same tissue multiple forms of alkaline‘phosphatase may be pro-
duced, Three different isoenzymes have been detected in the mouse
duodenum at different stages of meturity (Etzler and Moog, 1968;
Moog, et al., 1969). '

Alkaline phosphafase contributed by the intestine may cause a
variation of the serum phosﬁhatase levél (Madsen and Tuba, 1952).

Differences in the cifculating level of intestinal alkaline
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phosphatase.may be mediated by changes in diet (Tadayyon and Lutwak,
1969; Keeling, 1969). Fasting rats showed lower levels than normal
(Bodansky and Jaffe,.1932) and rats on fat diets showed higher levels
than normal (Saini and Posen, 1969; Jackson, 1952),

In humans the alkaline phosphatase level may be raised by a
placental isoenzyme. Turing the third trimester of pregnancy, a spill
over into the. blood stream occurs (Kitchener, et al., 1965). No com-
parable spill over occurs in rats (Posen, et al., 1969; Manning,
et al., 1969).

Abnormal cbnditions of the liver which may contribute to an ele-~
vated blood alkaline phosphatase level include biliary tract obstruc-
tion and hepatic infiltrations with neoplastic or granulomatous
processes (Ticktin and Trujillo, 1970; Taswell and Jeffers, 1963).
Extra heﬁatic bile obstruction associated with elevated alkaline
phosphatase may be due to impaired excretion of products. In biliary
tract diseaseé an increased slkaline phosphatase may be due to over-
" production or impairment of secretory function of the liver (Damm,
1965). Through experiments of bile duct ligation, it was concluded
that increased alkaline phosphatase values in obstructive liver
disease were the result of de novo synthesis of alkaline phosphatase
in the liver.and subsequent leakage of this induced enzyme into the

serum (Kaplan and Righetti, 1969).
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The proliferation of malignant tuﬁors may also contribute to an
increased serum phosphatase activity (Annotation, 1969). The Regsn
isoenzyme, found in the serum of patients with various malignant
tumors, is biochemically and immunologically indistinguishable from
placentzl alksline phosphatase (Fishman, 1969; ‘Ghosh, 1969). It aiso
occurs in tumor tissue and malignant effusion fluids (Kellen, 1970).
Quantitative analysis of serum levels is useful in monitoring the
progression or regression of tumors (Stolbach, et al., 1969;
Nathanson, and Fisﬂﬁan, 1971). Types of alkaline phosphatase other
than Regan isoenzyme may be produced by tumors (Stolbach, et al.,
1969) .

CHARACTERISTICS OF ALKALINE PHOSPHATASE

Alkaline phosphatase is a zinc metalloenzyme (Posen, et al.,
1969) with a moleculsr weight ranging from 86,000 to 200,000 (Scutt
and Moss, 1968; Schlesinger, et al., 1969). Experiments with bac-
teria and tissue cultures have shown alkaline phosphatase to be a
constitutive enzyme in some instances aﬁd gn inducible enzyme in
others (Schlesinger, et al., 1969; Griffin and Bottomley, 1969;
Martin, et al., 1969). The natural substrate of alkaline phosphatase
and its physiological role are unknown (Kachmar, 1970). Optimal
activity occurs around a pH of 9 (Damm, 1965). A number of reliable

procedures have been developed for the assay of alkaline phosphatase
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of blood (Nathanson and Fishman, 1971).

Most tissue forms of alkaline phosphatase may be differentiated
by their individual physical and chemical properties (Kellen, 1970).
Electrophoretic migration patterns show liver in the first position
followed by bone, placental, and intestinal phosphatase, respectively
(Suzuki, et al., 1969). Heat lability is detected by heating serum
to 550 C for 16 minutes. Liver phosphatase is inactivated 50-70 per-
cent, intestinal phosphatase 50-60 percent, and bone 90-100 percent,
while the placentaf isoenzyme is not affecte@. Five minutes expo-
sure to a temperature of 650 C causes ¢omplete inhibition of bone,
liver, and intestiﬁal alkéline phosphatase. No inhibition of the
placental isoenzyme.occurs. Isoenzyme exposure to L-penylalanine
causes minimal inhibition of liver and bone phosphatase while -intesti-
nal and placental phosphatase show greater inhibition (Stolbach,
19695. Exposure to various concentrations of urea at 37° C for 30
minuies is another differential method. An irreversible inactivation
concentration is 8 molar (M) urea for placental, 6-7 M for intestinzl,
3 M for liver, and less than 3 M for bone vhosphatase (Moss, 1969).
Urea experiments have élso shown a difference in 3-D structure for
placental and Regan isoenzymes which otherwise are indistinguishable

(Fishman, 1969).




MATERIALS AND METHODS

Source and Meintenance of Animals

CF1l/Anl mice were obtained from Argonne National Laboratory.

Purina Mouse Chow and water were supplied ad libitum to the animsls.

FBJ VIRUS STUDY GROUPS

Uninjected animals, Testing was begun at 28 days of age on

female CF1/Anl mice; Blood was drawn from the retro-orbital sinus by
means of hepariﬁized capillary tﬁbes. The tubes weré sealed.with clay
and plasma was separated from the cells in a Clay-Adams microcentri-
fuge. Weekly assays were continued for 3 months. Mice were palpatéd

weekly for the presence of tumors.

Uninjected animels with x-ray exposure. At 28 days of age,
10 CF1l/Anl female mice were bled and total body x-rays were taken.
Weekly sampling and x-ray exposure was continued for 3 months., Mice

were also palpated weekly to detect tumors.‘

FBJ virus injected animals., Newborn CF1/Anl mice from 12 litters

were ihjected intraperitoneally with O.1 ml of FBJ virus via the leg
muscles. At 28 days of age, 55 female mice were sampled. Weekly
samples were taken and testing was extended for 2 months on surviving
animals. Total body x=-rays were taken weekly to detect tumors. In

addition, palpations for tumors were performed twice weekly.
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STRONTIUM-90 STUDY GROUPS

Uninjected animals with minimal x-ray exposure. A control group

. of 15 female CFl/Anl mice from 77 to 127 days of age (mean age 97 days)

were bled once a month for 3 months, then biweekly. -Testing was
continued for.8 months. Total body x-rays were teken at the beginning

of testing, then once every L months.

Uninjected animals with maximel x-ray exposure. Fifteen female

CF1/Anl mice from 7% to 127 days of age (mean age 97 days) were bled
once.a month for 3 months, then biweekly. The mice were exposed to

total body x-rays at the time of each bleeding.

Strontium-90 injected animals. A test group of 30 female CFl/Anl

. mice frem 77 to 127 days of age (mean age 97 days) were bled. The

B

following day the mice were injected with strontium-90 (1 uCi/g body

. weight) via the tail vein. The mice were bled at 30 day intervals for

- 3 months, then biweekly. Total body x-rays were performed at each

Iy

sampling to detect the presence of tumors.

SOURCE AND PREPARATION CF FBJ VIRUS

FBJ virus packed in dry ice was received from Argomne National

Laboratory. The spvecimen was preserved in a REVCO freezer at ;700 C.
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At the time of mouse inocﬁlations, specimen vials were agitated in a
379 C water bath for 5 minutes. A 1:3 dilution of the virus was mzde
with sterile phosphate buffered saline and 0.1 ml of the solution was
injected intraperitoneally via the leg muscles into newborn CFl/pnl
mice.

Tumors were excised from dead or moribund animals. After weigh-
ing, tumors were ground into a fine paste, and Hank's Balanced Salt
Solution added on a ):1 (volume to weight) basis. The suspension was
then made cell-free By differential centrifugation under refrigeration,
using the following schedule (Argonne National Laboratory, 1970):

1) Tumor paste including virus - 10 minutes, 2,000 rpm
(approximately LS50 g)

2) Supernatant fluid - 15 minutes, 5,000 rpm
(approximstely 2,800 g)

3) Supernstant fluid - 30 minutes, 5,000 rpm
(epproximately 2,800 g)

i) Final supernatent fluid containing virus was stored

X-RAY PROCELURE

Unanesthetized mice were attached in the supine position to a
3/lL inch thick plywood frame, containing a L4 x 5 inch cutout. Attach-
ment was made with 1 inch padded alligator clamps fastened with wires

to screws set in the frame. The axis of the mouse was aligned parallel
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to the x-ray tube. Redipac Kodak AA-2 industrial type x-ray film was
used (Argomne Nationsl Laboratory, 1970). Roentgenogravhs were taken
with a portable Picker x-ray machine with filters removed. The follow-
ing settings were used:

Small focus

KV - 3k

MA - 65

Time exposure - 3/10 second
Distance from mouse to x-ray tube - 9 inches,

ALKALINE PHOSPHATASE ANALYSIS

'Preparation of reagents and standardization of test. fn alkaline
buffer was prepared by dissolving 7.50 g glycine (anhydrous) and
0.995 g MgCl, or (0.203 g MgCly.6H,0) in approximately 750 ml of
distilled water. To bring the pH to 10.5, 85 ml of 1 N NaOH was added.
The reagent was then diluted to 1,000 ml with distilled water and four
drops of chloroform added. To make the buffered substrate, 0.2 g of
p-nitrophenylphosphate was dissolved in about LO ml of distilled water
in a.100 ml volumetric flask. An alkaline buffer of 50 ml was added
and thé solutioﬁ brought to 100 ml. Aftef mixing, the substrate solu-~
tion was tubed in 1 ml amounts. Substrate tubes were covered with
ﬁarafilm and stored at -70° C. .A stock-standardlwas prepared by dis-r
solving 1.3911 g of p-nitrophenol in a liter volunetric flask

(10 mM/liter). The standard remained stable for 1 year at ko ¢. To

R Eahan e
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mske a working standardy 500 ml of the p-nitrophenol stock standard was
pipetted into a 1-liter volumetric flask. The solution was then
diluted to 1 liter. The working standard remained sﬁable one day
(Davidsohn and Wells, 1963).

The following dilutions were made to establish a standard curve:

Working 0.02N IU/1liter
Tube Standard Water- NaCH Alkaline
No. (md) (ml) (m1) Phosphatase
1 1 9 1.1 33
2 2 8 1.1 66
3 N 6 1.1 133
b 6 h 1.1 200
5. 8 2 1.1 266
6 10 .0 1.1 334

The absorbance of each of the above mixtures was read at 410 mp,
using 0,02 N NaOH in the réference tubes and the resulting values were
plotted on a curve. Alkaline phosphatase values were read from the

curve (Davidsohn and Wells, 1963).

~Principle and performance of test. The phosphate group of

p-nitrophenyl phosphate is split off by alkaline phosphatase at an
alkaline pH to yield yellow-colored p-nitrophenol. The amount of
p-nitrophenol released is diréctly proportional to the amount of alka-
line phosphatase present in the plasma (Davidsohn and Wells, 1963).

Results are reported in Intérnational Units (IU), defined as the nunber
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of micfo molecules of substrate hydrolyzed per minute by one liter of
serum at 37° C (Richterich, 1969). To 1 mi of an alkaline buffered
solution of p-nitrophenyl phosphate 0.55 ml of plasma was added

(Sigma 10L). After tubes were incubated at 370 C fér 30 minutes,

10 ml of 0.02 N NaOH was added to inactivate thé_enzyme and dilute the
substrate for reading. A Coleman 12k Spectrophotometer set at 410 mu
was used to read the tésté. " Ten ml df NaCH was added to a substrate
tube to serve as a reagent blank for each test. To each tube 0.1 ml
of concentrated hydfgchloric acid was added after the first reading to
reduce p-nitrophenol to a colérless state for use as a serum color
blank. A Versatol E control was run with each group of tests.

Results greater than 160 IU/liter were repeated using 0.025 ml
of plasma. In some cases, in additibn to diluting the-plasma volume,
it was necessary to reduce the incubation time to 10 minutes. Results
were then multiplied times 6. Incubation time could be reduced since

the alkaline phosphatase abtivity is linear (Richterich, 1969).

Isoenzyme differentation. Heat lability was used to tentatively

identify alkaline phosphatase isoenzymes in 10 plasma specimens with
elevated levels. The plasma was incubated at 550 C for 16 minutes,
then cooled immediately. Results of the Bessey, Lowry, Brock analysis
on the heat~treated specimens was compared with unheated specimens. A
90 to 100 percent loss of activity occurs in the human isoenzyme pro-

duced through osteoblastic activity (Stolbsch, 1969).




RESULTS

A "™® test was used to determine the significance of mean differ-
ences in alkaline phosphatase levels of the various treatment groups.
No pooled error was used; error being calculated separately for each
group. The essential nature and variation of conirol animals were
estimated. In both treatment and control groups, mean alkaline ?hos—
phatase levels over time were examined along with variation among

individual animals.

Alkaline Phosphatase Levels in Uninjected Groups. The alkaline

phosphatase levels of uninjected animals in the group beginning at

28 days of age showed 2 significant difference from animals beginning
at mean age of 97 days. The mean alkaline phosphatase values of the

younger animals dropped from 145 IU to 53 IU over a 12 week period,
whereas the mean values for mice béginning at mean age of 97 days

. dfopped from 65 IU to 3L IU over an 8 month period. Therefore, the

two age groups were treated separately.

FBJ Virus Base Line Group. The weekly alkaline phosphatase

values of non x-rayed and x-rayed animals without virus injection are
given in Tables I and II, respectively. The alkaline phosphatase
levels showed a large animal to animal variation in uninjected, non .
x-rayed animals starting at 28 days of age as illustrated in Table III.

However, the variance dropped with age. Animal to animal variation
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Table I. Weekly alkaline phosphdtase levels in IU of uninjected
mice beginning at L weeks of age.

ma—

—

e

Week of Assay

Mouse . .

Number 1 2 3 l 5 6 7 8 9 10 11 12
1 1L 17 80 95 6 8 90 66 L9 L7 W8 55
2 18 177 132 125 91 111 130 76 80 174 & 56
3 129 102 133 15 79 77 75 75 58 55 56 27
b 122 205 103 94 66 57 17 80 67 5 58 65
5 193 242 187 237 122 102 120 107 1oLk 51 65 100
6 1 176 150 139 90 91 114 85 78 ‘87 70 76
7 k7 176 87 1ih 90 100 13 85 93 61 53 32
8 16 127 133 120 102 127 102 83 86 80 77 31
9 175 166 133 131 112 81 5 75 82 66 65 ui

10 117 62 143 152 1kO 129 17h 1Lh5 113 63 65 57

11 201 252 77 137 127 132 110 T1 85 77 75 60

12 137 122 99 113 88 72 97 53 63 51 51 43

13 192 134 126 104 117 100 75 90 100 82 81 88
1k 11 101 101 107 65 65 124 61 39 L7 L1 57
15 147 126 110 127 79 87 90 79 53 26 58 L2
16 135 90 8L 106 82 72 88 71 63 66 63 57
17 118 151 94 11k 69 103 75 66 75 55 57 I8
18 1 138 91 82 82 76 107 L8 32 L9 52 L3
19 128 65 120 19 60 Sh 855 k7 W9 L7 38 L6
20 146 119 W6 122 65 Th 90 72 713 73 63 L5
21 45 98 110 105 70 8 77 7th 79 72 57 k7
22 138 1hk5 104 109 86 108 73 81 81 75 sk LY
23 1,5 116 105 129 78 sk 103 Sh k1 L9 k7 55
2L 186 194 127 103 109 81 90 9 79 67 70 57
25 156 213 140 107 10k 121 106 ‘106 88 58 64 ©51
26 186 133 122 100 80 107 87 87 170 59 50 61
27 161 195 102 119 79 92 107 86 83 54 70 86
28 109 224 133 115 105 93 86 8L 67 60 58 29
29 154 122 108 101 8y 84 68 70 59 59 57 52
30 149 113 103 100 77 87 79 79 80 69 L3 63°
31 123 253 ol 85 109 117 82 95 77 T0 61 L9
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TABLE T. (Contihued)

Week of Assay

Mouse

Number 1 2 3 b 5 6 7 .8 9 10 11 12
32 93 153 125 92 90 80 T1 .- W6 39 65 55
33 100 152 102 102 86 86 66 65 62 T8 34 66
3L i 157 126 96 90 85 85 84 77 54 67 L3
35 187 171 120 8. 91 65 70 77 77 Lk 61 55
36 130 130 98 82 85 86 19 5L 68 65 55 51
37 10k 133 - 106 83 75 55 70 62 55 W1 27 52
38 189 157 115 102 77 M 80 5 718 L1 58 53

#* Insufficient quantity of plasma available for testing.
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TABLE IT, Weekly alkaline phosphatase levels in IU of uninjected mice with.x-ray
exposure beginning at Lt weeks of age.
Week of Assay

ﬁﬁiﬁir 1 2 3 b 5 6 7 8 9 10 1 12
39 162 116 o4 113 85 100 90 79 6L 57 62 M8
1o 117 131 110 87 137 131 121 77 69 77 80 52
I 8h 171 90 101 123 63 112 68 52 53 55  ©7.
L2 92 128 106 65 115 76 90 8C 70 80 76 57
L3 91 123 102 $8 108 81 81 83 67 63 52 57
Lk 108 140 96. 115 100 81 119 67 g5 65 53 L5
45 165 . 148 8L 82 107 63 17 60 55 . 6L 91 67
L6 11 18 128 18 11 110 89 90 B85 83 86 59
L7 00 W7 123 9% B 7 7% %8 sk 6 L7 L3
)i8 120 122 92 115 158 59 5% 5 5 79 -

140

122

ce




TABLE ITI.
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Pattern of mean alkaline phosphatase variance in
8 uninjected mice beginning at L weeks of age
wWith no x-rey exposure.

Sampling Week Mean Variance
1 1l ' 391
2 128 1,481
3 100 615
L 105 310
5. 7 _ 239
6 79 390
7 8L 293
8 67 292
9 6l 388
10 61 : . 1h5
11 55 - 9k
12

L8 2l
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was greater in uninjected animals which received x-ray exposure

(Table IV). A comparison of untreated animals without x-ray exposure

- and untreated animals with x-ray exposure showed significant differ-.

* ences in mean alkaline phosphatase velues in 5 out of 12 assay

l periods (Table V).

" FBJ Virus Injected Group. The tumor incidence of mice injected

_ with FBJ virus was 100 percent., Osteosarcomas appeared from 18 to

TRE

PR O

F

98 days after injection, with the majority of tumors appearing on the
19th day. The tibia was the most frequent site of primary tumors,
occurring as the first tumor in L7 percent of the test aﬂimals.
Deaths were distributed throughout the testing period, the first
death occurring 6n day one of testing. By the 13th day there was a
mortality of 52 percent. At the last bleeding 5 animals remained
alive,

Table VI contains alkaline phosphatase values for the 55 mice
injected with FBJ virus at birth. A comparison of mean values begin-
ning at } weeks of age and continuing over an 8 week period showed no
significant difference in FBJ injected mice and uninjected, non

x-rayed animals (Table VII). The mean alkaline phosphatase level of

animals. at the time of tumor appearance on roentgenographs was not -

gignificantly different from the values of uninjected non x-rayed

animals at the same age,
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A comparison of variance of mean alkaline phosphatase

TABLE IV,
levels between x-rayed and non X-rayed animals of
uninjected groups beginning at L weeks of age.
X-Rayed Non X-Rayed
- Group ' Group
Sampling - s2 _ s2
~ Week X X X X
1 145 52 117 20
2 151 L3 137 58
3 112 19 106 .16
A 110 23 o7 19
5 88 25 111 9
6 88 36 90 11
7 88 Ll 101 19
8 76 12 72 10
9 71 10 63 8
10 5 9 66 g
1n 58 15 65 3
12 53 8 56 5




26

TABLE V. Calculated ™" values for mean-alkaline phosphatase levels
of x-rayed and non x~rayed znimals of uninjected group
beginning at L weeks of age.

Week of Sampling t

1 2.Thx
2 1.37 NS
3 0.92 NS
L 0.72 NS
5 3.ho%
6 1.64 NS
7 3.85%
8 1.33 N8
9 1.1i2 NS
10 2,863
11 2.70%
12 0.75 NS

# « Difference between means significant.

NS « Difference between means not significant.
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TABLE VI. " Weekly alkaline phosphatase levels in IU of FBJ virus
injected mice begimming at L weeks of age.

Week of Assay

Mouse
Number 1 2 ‘3 L 5 6 - 7 8
1 98 111 8ly 73 13L = - -
2 119 120 122 162 - - - -
3 180% - - - - - - -
h 193 199 108 9l 1253 76 80 77
5 186  1h8s 91. 113 98 - - -
6 188s¢ - - - - - -
7 102x 168 99 - 78 83 61 65 -
8 162 187 1k 1k 131 . - - -
9 125 - - - - - - -
10 80:¢ - - - - - - -
11 1063 - - - - - - -
12 9L 103 115 - 65 €0 109% 88 -
13 133% - - - - - - -
1 109+  1L9 - - - - - -
15 1923 - - - - - - -
16 12L 116 8L 82 72 653 79 75
17 122% - - - - - - -
18 93 - - - - - - -
19 136% 1h7 - - - - - -
20 122 130+ 100 88 - - - -
21 101 - - - - - - -
22 122 137 121 121 1203 65 6l -
23 161% 130 90 98 - - - -
2l 1h7 11 8hL 105 84 69 66 53
25 W - - - - - - -
26 97+ 130 - - - - - -
27 102 106 - - - - - -
28 ohx - - - - - - -
29 126 793 102 70 103 - - -
30 18L i 108 90 104 723 95 -
31 88% 115 -3¢ - - - - -
32 119 oL ol 108 95 103 - -
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TABLE VI. (Continued)

Week of Assay

Mouse - '

Number 1 -2 3 k 5 6 7 8
33 9% - - - - - - -
3k 187 155 107 96 - - - -
35 . 176 157 98 135 101 76 h3 9 3%
36 192% 157 103 133 - - - -
37 1h6 130 127 116 - - - -
38 160% 176 - - - - - -
39 126% = - - - - - -
Lo 163% 12k - - - - - -
W1 10h* 1l9 131 1o 145 179 169 -
2 109% 131 115 106 - = - -
L3 108+ 136 183 108 116 - - -
Lk 119% 151 - - - - - -
L5 85 126 9L 188 - - - -
L6 187% 120 101 - - - - -
L7 250% 213 = - - - - - -
18 228 - - - - - - -
L9 8hx 123 - - - - - .
50 182 133 133+ 9L 91 - - -
51 170 123 110 109 99 9k 101 67x
52 270% - - - - - - -
53 165 137 77% 8L 6h 122 78 -
sh 167 165  133% 106 145 118 103 -
55 190% 175 - - - - - -

- Indicates animal dead.

% First analysis with detectable tumor.
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TABLE VITI. Mean, S%, and "t" values calculated for alkaline
phosphatase levels of non x-rayed animals of
uninjected group and FBJ virus injected group
beginning at L weeks of age.

m——
—

Week of Sample Means S%

Test FBJ Control FBJ Control t?
1 w2 145 52 20 0.33
2 138 151 20 58 147
3 108 112 18 16 0.80

i 104 110 0 19 0.87
5 102 88 e 9 1.91
6 - 97 88 86 11 0.89
7 89 88 82 19 o.11
8 73 76 L3 10 0.46

8 . pifference between means not significant.

S% - Variance of distribution of sample means.
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Mean Alkaline Phosphatase Levels Relative to Time for FRJ Virus

Injected and Uninjected Mice. Figure 1 illustrates a drop of mean

alkaline phosphatase values with time in all animal groups beginning
at 28 days of age. Although no regression equation was caléulated,

a decline in values is shown as the mice mature.

Strontium-90 Base Line Group. The alkaline phosphatase values

of animsls with an average égelof 97 days which rgceived maximal and
minimal x-ray exposure are recorded in Tables VIII and IX. The two
groups showed no significant differences .in mean alkaline phosphatase
levels.(Table X). Therefore, the alkaline phosphatase values were

pooled in comparisons with strontium-90 injected animals.

Strontium-90 Injected Group. Test animals developed tumors as

early as 8L days and as late as 238 days after the strontium-90 in-
jection, with tumors occurring in 87 percent of the mice at the time
of test termination. Twenty~three of the strontium-90 injected
animals died before the end of testing, with the first animal dying
112 days after testing began. Subsequent deaths were scattered
throughout'the remainder of the testing period, with 55 percent of
- the deaths occurring st 182 days.

Alkaline phbsphatase levels of the individual animals which

received strontium;90 are shown in Table XI. Mean alkaline




TABLE VIITI. Alkaline phosphatase 1evelé in IU of mice beginning at mean age of 97 days
with minimsl x-ray exposure,?@ _

Date of test

Mouse
Number 9-29 11-h 12-2 12-30 1-13 1-27 2-10 2-24 3-10 3-24 L-7 L-21 55 5.19 6-2

A 51 3k 36 2l 31 37 32 24 31 26 2h QNS 31 2 22
32 o, 35 31 27 27 37 24k 16 QNs 23 22 28 47 26 24
33 L3 qusP 33 40 37 26 27 2 25 24 3k 2k 34 32 13
3l 73 60 58 26 WO L2 43 Qus Qus 37 28 W8 Lk 64 L3
35 78 51 L6 39 QNS b7 QNS 56 L7 L7 2l 26 26 32 |2
36 81 65 51 Lo 36 L W L7 54 55 36 50 36 L6 QNS
37 52 36 43 Qus 29 38 271 26 39 47 35 61 24

33 37
38 QN8 54 56 61 QNs L9 59 Ly Sk 55 37 65 39 32 QNS
39 61 w8 sy, 38 3 W 38 W 39 32 43 3 1 35 W
0 - 58  Qus  36 3% 27 31 29 28 32 31 32 36 28 25 29
L1 55 ho aqus 38 52 42 k2 36 39 W 32 36 52 38 L5
L2 66 Qus 68 33 65 62 5h S5k k2 37 50 34 QNS 58 L7
43 80 b 5 .36 5 Qs 41 i LW L8 37 L3 W k2 39
N 60 30 - 33 5 30 L 26 25 16 26 3 38 31 29
L5 68 QNS b7 22 32 31 3 27 16 29 Lh2 32 29 20 35

2 - Animals received x-ray exposures at beginning of festing, then
once every U months., )

b = Insufficient quantity of plasma available for testing.

2e



TABLE IX.

Alkaline phosphatase levels in IU of mice begimming at mean age of 97 days

with maximal x-ray exposure.?@
TPate of test

Mouse

Number 9-29 11-L 12-2 12-30 1-13 1-27 2-10 2-2k 3-10 3-24 k-7 U4-21 B-5 5.19 6-2
L6 . 68 s kO 34 W2 52 W 25 35 36 Wy Th 35 31 L3
W7 vs® 3 4O 35 33 37 43 22 30 31 l1 53 58 k1 33
L8 60 50 QNS BB 38. L2 L5 32 24 26 2l 31 16 1k 16
ko - 43 QNS 36 QNS 28 24 27 23 29 19 28 17 20 19 18
50 48 - 30 36 32 43 34 33 22 27 32 33 26 3L 26 30
51 78. QNS 52 LW 53 57 63 857 69 5L 62 k9 3k 53 55
52 67 k2 W8 ko 28 30 S5h 37 L7 30 Qs 34 36 20 24
53 48 35 QNS 3. 36 38 k43 32 33 32 29 35 31 L3 33
Sk - 9h 26 56 37 35 QN8 5L W8 47 L8 by sk 70 62 QNS
55 79 QNS L6 32 0 29 39 L5 W8 17 36 36 L3 28 36
56 68 L8 39 29 W3 34 39 39 53 38 53 33 1 39 38
57 . 80 L7 60 43 32 39 6L 35 39 L7 51 L8 52 27 L6
58 85 5h 55 3% 42 Lo 57 W8 WO L9 52 34 k5 56 L9
gg ;g L5 43 b2 32 3 34 28 32 25 3h  1h 36 30 25

L3 b3 27 34 23 L5 3L 29 33 39 33 24 16 QNs

8 _ fnimals received x-ray exposure at each sampiing date.

b . Isufficient quantity of plasma available for testing.

€€
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TABLE X, Calculated “t" values for mean alkaline phosphatase
levels of mice with minimal and maximal X-ray
exposure beginning at 97 days of age.

Test Number 2
1 1.15
2 2,00
3 0.33
I 0.52
5 1.96
6 0.91
7 1.29
8 0.32
9 1.29

10 0.3L
11 - 0.73
12 0.L48
13 ‘ 0,1k
1k ' 0.30
15 0.59

8 _ pifference between means not significant.




TABLE X1,

Alkaline phosphatase levels in IU of mice which received strontium-90 beginning
at mean age of 97 days.
Date of test
Mouse

Number 9-29 1l 12-2 12-30 1-13 1-27 2-10 2-24 3-10 3-24h L-7. L=21 5.5 5219 6.2
1 7% 51 72 7h 94 106 14O# 1kl 384 360P .C - - - -
2 53 27 39 29 3 57 L5 65% 72 65 98 - 238 - - -
3 67 31 4o 62 66 103 132 192% = - - - - - -
4 72 % 19 53 102 90* 15h 300 590 70b . - - - -
5 53 . QNsa 30 2y 27 30 26 2l 36 26 62 77 o
6 3 25 32 1. 32 hS hl k2 h2 52 % S59% 96 108 234
7 Ly, 24 28 23 29 28 22 38 4T  39% %0 90 LO 1bhob .
8 ks 27 28 28 35 39 33 36 31 26 31 39 35 30 12
9 70 39 26 55% 57 79 89 QNs 338 - - - - - -
10 55 32 B 39 kb 56 34 70 80 106« 94 118 180 212 696
11 94 Qs 63 78 86 80 95% QNS 360D - - = - - -
12 QNS 30 k2 Lo L8 3% 8% 54 77 - - - = - -
13 b3 26 28 26 32 36 L6 3 38 35 g 6h 55 62 90
1k 6L 32 36 39l 57 6L .55 60 74 83  178% 360 1152 -
15 70 36 33 3 39 M 6 55 W7 97 66 88% 496 1hlob -
16 58 33 Wk 33 35 38 k8 U7 35 . 43 38 I - - -
17 W7 32 Lo 33 b 39 b5 70 70 63 70% 92 720D - -
18 25 27 35 56 178 37 62 82 102% 360P 7200 21600 . - -
19 79 38 70 88% 125 106 148 157 191 L9? - - - - -
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TABLE XI. {Continued)

Date of test

Mouse : .
Number 9-29 11l-h 12-2 12-30 1-13 1-27 2-10 2-2) 3-10 3-24 h-7 L-21 5-5 5.19 6-2
20 b 34 3B 37 58 5 168 52 53 W6 65 75 12 - 702
21 62 35 32 k2o 38 kY 53 51 - - - - - - -
22 79l 68 91 - 110 131 QNS 168% 536 - - - - - -
23 36 26 WO 19 24 27 10 26 24 26% 27 36 - 320 -
2L 8y 32 L3 6y 84 6k Sh 135 2h2x . - - - - - -
25 70 24 62 60 QNS 101 - - - - - - - - -
- 26 ch 34 35 32 by 3 Lh 58 by S 35 87 188 432
27 86 57 69 97 101 12k 156 - - - - - - )
28 60 QNS 57 sh 33 54 50 88 B9x 156 272 450 _ _
29 39 u? 31 kb 60 80 9L 148 QNsa 147 986 65L - - -

30 60 3h Lk b3 60 89 Sh 65 Qusa 150 610 1368

3

- First specimen with X-ray detoccteble tumors.
2 . Insufficisnt quantity of plosme aveilable for testing.
= Actual vazlue greater than recorded figure.

C . Animal dead.
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phosphatase values of untreateq animals and strontium-90 injected
animals of the same age were significanily different in all but the
first and third testing periods (Table XII). From 2 to 8 weeks
‘before roentgenographic detection of tumors, mean alkaline phos-
pﬁatase values of injected animals were found to be significantly

different from controls (Table XIII).

Heat Lability of Plasma Alkaline Phosphatase. All ten plasma

samples with elevated alkaline phosphatase levels from strontium-90
injected mice tested for heat lability showed 88 to 97 percent

inactivation of the enzyme (Table XIV).

Mean Alkaline Phosrvhatase Levels Relstive to Time for Stron-

tium-90 Injected and Uninjected Mice. Figure 2 shows a slight decline
in alkaline phosphatase levels of uninjected animals compared to time,
while strontium-90 injected animals showed a steep rise in the mean

enzyme values.
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TABLE XIT, Sample mean, 82 and "t" values calculated from mean

alkaline phOSphatase levels of strontium-90 injected
groups and combined control groups beginning at
97 days of age.

Sample Means s
Number Tontrol — 5r-90 Control  8r=90 %
1 68 60 1l 10 1.05 NS
2 W % 9 2 3,68 %
3 46 | Ll 6 8 © 0.51 NB
I 6 L9 5 13 3.06
5 B 5 7 21 3.6k
6 38 68 6 35 Le77 %
7 b2 9 8 73 b1l *
8 35 90 9 189 3.89 %
9 38 140 10 1,146 3,00 %
10 - 35 1h9 8 1,597 2.85
11 37 220 10 b, 17 2,75 %
12 38 348 12 17,L00 2.35 *
13 36 210 I 2.77 *
1 % L6 1 35,103 2.27 *
15 3L 363 ' 10 11,590 3,05 %

# - Difference between means significant.
NS - Difference between means not significant.

S; -~ Variance of distribution of sample means.
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TABLE XIIX. Calculated "t" velues for mean alkaline phosphatase
levels of strontium-90 injected group and normal
group from 2 to 8 weeks before roentgenographic
tumor detection.

Number of Animals

in Group Weeks Before Detection -8
L8 2 5.05
L8 h 1403
L8 6 3.99
38 8 2.1o

8 . Difference between means is significant.
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TABLE XIV. °~ A comparison of plasma alksline phosphatase levels in IU
before and after a 16 minute exposure of 55° C.

Alkaline Phosphatase

Date Level

of - . Mouse Before After
Test Number Heating Heating
5-.5 10 . 180 12
5-5 1h . 360 20
5-19 7 1,hl0 155
5-19 .1k 1,152 46
6-2 10 696 L2
6-2 20 702 20
6~2 26 | 432 30
6-5 18 2,160° 270 -
6-5 29 65L 32
65 30 1,368 66

2 _ Actual value greater than recorded figure. -
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DISCUSSION

Variance in Alkaline Phosphatase Values Due to Age. Normal

physiological varistions of alkaline phosphatase due to age occurrad
in mice of this study. Alkaline phosph?tase levels dropped with
maturity, values showing a sharper decline in animals less than

3 months of age. A large animal to animal variation of alkaline phosm
phatese was nbted in mice L weeks old, and indicated the need for aA\'
'1érge number of test animals to achieve accurate sampling for déta
anal&sis° The drop observed in the variance of older animals may bé
due to the stabilization of osteoblastic éctivi£y'of bone (Eisenberg,
1970) and activity of other’tissues (Samorajski and Rolstén, 1969;

Etzler and Moog, 1968).

Effect of X-Ray Exposure on #lkaline Phosphatase Levels., In the

strontium-90 test group, control animsls which received varying
amounﬁs of x-ray eprsure showed no significant differences in mean
alkaline phosphatase values. A-stﬁdy of mean values in the FBJ virus
test group of uninjected animals, with and without x-ray eﬁposure,
indicated that x-rays may influence alkaline phosphatase levels., The .
.main difference in x-rayed and non x-rayed animals appeared to be a
greater varience in mean slkaline phosphatase values of the x-rasyed
animals. Although non x-rayed animels weére used as a base-line for
FBJ virus injected =nimals, oniy animals with x-ray'expoéure could be

considered valid controls.
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FBJ Virus Injected Animals. Previous workers (Schwartz; 1969;
Weisbroth and Hurvitz, 1969) have noted a rise in plasma alkaline
phosfhatase in the presence'of osteosarcomas. Alkaline phosphatase
assays started on mice L weeks of age did not show aﬁ increase with
the development of FBJ virus. induced osteosarcomas. Alkaline phos-
phatase activity of these osteosarcomas may have beep masked by normal
osteoblastic activity of developing bones. To determine if FBJ virus
induced osteosarcomas produce elevated levels of blood alkaline phos-
phatase, tumor transplants cpuld be made in adult an;mals. The lower
alkaline phosphatese values of mature animals should make elevations
of alkaline vhosphatase due to osteosércomé development discernible.

The route of virus injection appears to influence the site of
primary tumor developﬁent. In earlier experimeﬂts using the intra-
peritoneal route, ribs were the'most frequent site of primary tumor
formation (Finkel, et al., 1966a). In the present study, where the
FBJ virus was-injected’via the leg muscles, the majority of tumoré
first developed in the tibia. Primary tﬁmors of the tibia alwayé

occurred in the leg used for virus injection.

Strontium-90 Injected Animals. The mean time for radiograpﬁic

detection of strontium-90 induced osteosarcomas in this study was 15}
days, with the first tumor being detected at 8l days. The shortest

latency time previously reported was 98 days (Finkel, et al., 1966a).
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The difference between these observations does not appear to be
significant. | |

No significant differences occurred in mean glkalihe phosphatase
values of control and tes£ animals prior to injection of strontium-90. -
After radionuclide injection, mean values became significantly differ-
ent from cont;ol énimals. A sharp rise in mean alkaline phosphatase
values relative to time was hoted with strontium490 injected animsls.
A heat lability test was run to identify the source of enzyme ele-
vation. The amount of enzyme inactivation obtained (89 percent or
greater) indicates that alkaline phosphatase elevation was due to
~ osteoblastic activity.

To study the values of individual animals, a confidence limit of
10.6 + 12,6 IU was calculated using randomiy selected group of con-
trols in the strontium-90 study. Of the 26 animals developing tumors,
18 had alkaline phOSphétase values above the confidence limit befére
positive roenﬁgenographic identification. Three -others haa elevated
values at the time of radiographic appearance. Five animals were
found not to have alkeline phosphatase values above the confidence
limit until 2 to 6 weeks after roentgenographic confirmation of tumors.
One animal had an elevated value (101 IU) without radiographic evi-
dence of a tumor. Death prevented continustion of studies on the

animal. The enzyme level may hzve been elevated due to neoplastic
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bone activity below the 1limit of resolution in the radiograph.

‘

Conclusion. Results of this study indicate that the plaéma
alkaline phosphatase 1e§el of FBJ virus injected mice less than‘loo
days of age is not useful in the detection of osteosarcoma develop-
ment. In the.majority of céses alkaline phosphatase levels cen be
used to detect strontium-90 induced osteosarcomas when animals are
éreater than 100 days of age. Osteosarcqma development can be pre-

dicted as much as 2 to 8 weeks before radiographic detection.




SUMMARY

,Currently‘roentgenographs are relied upon for tﬁe detection of
osteosarcomas in mice. The alkaline phosphatase levels of mice wére
studied to develop an éarlier and more practical system of tumor
detection. The FBJ virus and strontium-90 were used for tumor in-
duction of female CF1/Anl mice. Blood was obtained from the retro-
orbital sinus‘of the mice and was analyzed by the Bessey-Lowry-Brock
procedure;

In the first phase of testing newborn mice received Ofl ml of
FBJ virus intraperitoneally via the leg muscles. Osteosarcomas
developed in all of the injected mice within 18 to 98 days. Fifty-
five injected mice and L8 uninjected mice were bled weekly beginning
at a month of age., The animals showed an overall decline in alkaline
phosphatase values during the 2 months of testing. A comparison of
injected t0'uninjected'aniﬁals revealed no significant differences in
mean alkaline phosphatase values.

In the second testing phasg 30 animals approximately 100 da&s of
age were injected intravenously through the tail vein with 1 pCi/g
body weight of strontium-90. Twenty-six of the injected mice de-=
veloped osteosarcomas. Roentgenographically, detectable tumors
appeared from 8k to 238 days aftér the radionuclide injection. Twenty-
one of.the mice with tumors had alkaline phosphatase levels elevated

above the controls at the time of roentgenographic detection, with the
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majority of animals showing earlier elevations. Five other ﬁice
failed to show elevated alkaline phosphatase levels until é to 6 weeks’
after roentgenographic appearance of tumors.

Alkaline phosphatase levels of FBJ virus injected mice cannot be
relied upon for osteosarcoma detection in mice under 100 days of age.
Normal osteobiastic activity may mask alkeline phosphatase produc-
tion due to osteosarcoma development. The alkaline phosphatase level
in mice greater than 100 days‘of age 1s reliable in the majority of
cases for detecting strontium-90 induced osteosarcomas. Prediction
of strontium-90 osteosarcomas is possible from 2 to 8 weeks prior to

rédiographic appearance of tumors,
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