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If the relative increases in cases with and without
hyaluronidase are compared, it is seen that the former
values are consistently higher than the latter. If the #-
values (third row from the bottom) of the three groups
of experiments are pooled, the difference in question
becomes statistically significant (P < 0-001). The
pooling is effected by dividing the sum of the three

t-values by )3 and using the resultant value as a ¢-
value with infinite d. f.L.
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The relative increase in rats of the spots of India ink (0-1 ml
containing 15 VRU hyaluronidase) given intradermally at different
times after i. v. administration of 50 mg per kg. body weight of
colloidal iron. The relative increase was calculated by comparison
of the areas, immediately and 60 minutes after the injection of India
ink, and by division of this value with the mean value from 6 control
animals, which were injected with physiological saline solution
instead of colloidal iron. Each circle represents 3 experiments.

Discussion. The RES may be said to consist of the
lymphatically and the haemovascularly located phago-
cytic elements. If a colloid is injected intravenously, it
is taken up by the haemovascularly located reticulo-
endothelial cells. One cannot find iron colloids in the
lymphatic macrophages after intravenous iron injection
(ANnpERssoN and RExXED?). In the above mentioned
experiments the hyaluronidase effect was tested intra-
dermally. It is of interest to notice that after intra-
venous blockade we obtained a marked inhibition of the
spreading of India ink.

Using Ferrivenin the inhibiting effect in the blockaded
animals lasted a relatively short time. After five hours
we could no longer show any inhibition of the spreading
of India ink. This result was similar to that which we
obtained when we investigated the blocking effect of
Ferrivenin with the aid of radioactive colloids. The
phagocytic ability of the RES was resumed in a few
hours.

We intend to make a further study of the RES and
the spreading effect. E. R. GaBrieL1® and M. CAMPANI

Department of Experimental Histology, Karolinska
Institutet, Stockholm, April 2, 1951,

Zusammenfassung

Die intradermale Ausbreitung von chinesischer Tusche
in Gegenwart von Hyaluronidase wird vermindert,
wenn das retikuloendotheliale System mit kolloidalem
Eisen (Ferrivenin) blockiert wird. Dieser Effekt ist
grofer, wenn Ferrivenin als blockierendes Agens intra-
vends anstatt intraperitoneal angewendet wird. Die
Wirkung hilt nur wenige Stunden an. Es wird auf die
Ahnlichkeit verwiesen, die zwischen der Ausbildung der
Blockade und der verminderten Ausbreitung der Tusche
besteht.

1 G. GOLDBERG ¢t al., Acta physiol. Scand. 22, suppl. 77 (1950).

2 N. AnDERssoN and B. RExEp, Nordisk. Med. 42, 1704 (1949).

3 Present adress: Section of Medical Physics, Yale University
School of Medicine, New Haven, Conn.
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Autoradiographic Analysis of the Distribution
of Labelled Ca and P in Bones

A microphotographic-photometric study of the X-ray
absorption of bone ground substance revealed that min-
erals are unevenly distributed in the latter!. Resorption
and new formation of bone tissue determine changes in
the distribution of minerals in compact and spongy bone.
The Ca content in recently formed pieces of secondary
bone (e.g. Haversian systems, osteons) is in general from
10 to 129, lower than the Ca content in the fragments
of the older periosteal bone or in the interstitial rem-
nants of previously built osteons; the mineralization of
the newformed osteons undergoes a slow and pro-
gressive increase.

Autoradiographs made trom ground sections of bones
compacta of young dogs a few hours after administra-
tion of labelled P, showed a greater activity of the ma-
trix in recently laid down osteons than in the older pri-
mary bone tissue; viz., a larger number of labelled atoms
is incorporate in the ground substance of the relatively
less calcified pieces of secondary bone.

However, it remained open to question whether the
different deposition of labelled atoms in the various
structures of bone depends on the different situation
of the latter in regard to the blood vessels, or on different
physico-chemical properties of the ground substance
itself. It is obvious that mineral atoms of the blood can
be adsorbed more easily in the ground substance which
neighbors the vascular channels than in the matrix
which lies at a greater distance from blood vessels,
namely in the interstitial systems.

A different technique was applied in this research to
obtain further information on the alternative mentioned.

Ground sections of fresh bone compacta from 25 to
45 micra in thickness were kept from a few hours to a
few days in solutions of radioactive Calcium chloride?2.
The sections, thoroughly washed in distilled water and
dried at room temperature, were pressed against the
emulsion side of photographic plates or films (C2 Ilford
Nuclear Research plates, Ferrania X-ray films)3. This
procedure has the advantage that the radioactive Ca
comes in ready and almost uniform contact with each
single particle of the bone section; thus the possibility
that a different deposition of labelled atoms in the
various structures of bone might depend on the topo-
graphy of the latter in regard to blood vessels was ruled
out.

Figures 1 and 2 illustrate the Roentgenmicrophoto
(negative) of a cross section of the diaphysis of the femur
(man 47 years old) with its corresponding autoradio-
graph after treatment with labelled Ca. It is apparent
(fig.2 ) that the radioactivity is not uniform throughout
compacta. The comparison in the same section of the
degree of radioactivity (fig. 2) with the degree of calci-
fication of the various structures (fig. 1), demonstrates
that a greater amount of radiocalcium is deposited in the
ground substance of recently formed osteons; the Ca
content of the latter is from 6 to 16 % lower than that of
the neighboring older bone tissue.

The distribution of Ca*? in the ground substance ap-
pears to be exactly the same as described above when

1 R. AMprino and A. ENGsTROM, Boll. Soc. ital. Biol. sper. 26,
148 (1950); Acta anat. (in press).

2 The author wishes to express his thankfulness to Prof. P. La-
croix, Louvain, who kindly supplied the Calcium chloride for these
experiments.

3 Technical details and a complete description of results will be
published elsewhere.
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Fig. 1.

sections of bones, fixed and preserved in formalin (or
ethanol) or sections of macerated bones from museum
specimens, are treated with radioactive Calcium chloride.
Autoradiographs of sections of bones fixed in formalin
or ethanol and microincinerated for three hours at 700°C,
still show slight differences in the uptake of labelled Ca
into the various structures. Therefore, the different
deposition of Ca?® in the various structures of bone
compacta does not depend on quantitative differences
of cell (or of enzyme) activity, but, partly at least, on
differences of the proportion of organic to inorganic
components of ground substance. The amount of Ca#*®
deposited seems to depend also on the proportion be-
tween osteomucoid and collagen of the matrix. As a
matter of fact, the Ca%5 uptake in sections of the same
thickness is greater for bones of reptilians and of birds
than for mammalian bones (cf. also the results of HEVESY
et al.l); the deposition of Ca?s is relatively greater also
in bones of young than of adult specimens of the same
species (ox, man).

The deposition of P3? was tested on sections of bones
contiguous to the ones which had been used for the
study of Ca4® uptake. The distribution of P3? appeared
to be the same as that of Ca%; however, given the sec-
tions thickness, the definition of the autoradiographs
was rather poor when P32 was used.

The fate of the atoms of radioactive elements and the
mechanism of their fixation to bone matrix is still a
matter of speculation?. It is obvious that labelled atoms
can be incorporated into the ground substance which is
progressively laid down?; however, the laying down of
bone tissue is a slow process, while the uptake of labelled

1 G. HEVEsY, Ann. Rev. Bioch. 9, 641 (1940).
2 N. S. MacDonaLp, F. EzMIRLIAN, P. SpaIN, and C. MCARTHUR,
J. Biol. Chem. 189, 387 (1951).

3 H. E. HarrisoN and H. C. HARRISON, J. Biol. Chem. 185, 857
(1950).

Fig. 2.

atoms occurs promptly!. It has been maintained for
a long time that an exchange-reaction between the
atoms of the fluid and of the solid phase takes place
in vitro as well as ¢n vivo. The superficial atoms of Ca of
the apatite crystals could be replaced by atoms of Ca,
U, Sr, etc. of the fluid phase? Only 1/5 of the atoms of
Ca of the crystals could thus be replaced?; according to
HarrisoN and Harrison?, the whole Ca of apatite
could be progressively substituted by the labelled Ca of
the body fluids.

The present research shows that the uptake of labelled
Ca and P is remarkably greater in the more recently
built and not yet fully mineralized structures than in
the more calcified portions of bone. The different uptake
might depend on a different rate of the exchange-ad-
sorption of mineral atoms in the various structures of
bone; or possibly, only a part of the atoms which are
deposited in the recently laid down and less calcified
structures exchange with pre-existing ones of the solid
phase. Some might become progressively fixed to the
already calcified matrix without liberation of atoms
from the apatite crystals, viz., an actual addition of
mineral atoms might occur. The latter alternative seems
to be in good agreement with the progressive calcifica-
tion of secondary bone as demonstrated by X-ray ab-
sorption analysis®.

1 R, F. RiLEy, B. McCLEAary, and R. E. JoHuNsoN, Amer. J.
Physiol. 143, 677 (1945).—M. FALKENHEIM, E. E. UNDERWOOD, and
H. CARPENTER HoDGE, J. biol. Chem. 188, 805 (1951).

2 M. FaLKeENHEM, W.F. NEumann, and H. Hopce, J. Biol
Chem. 169, 713 {1947).

3 W. F. Neuman and R. F. RiLEY, J. Biol. Chem. 168,54 (1947).
—M. FaLkeN"EIM, W. F. NEUMAN, and H. HopcEg, J. Biol. Chem.
169, 713 (1947).—M. FaALKENHEIM, E. E. UNpERWOOD, and H. CAr-
PENTER HopGE, J. Biol. Chem. 188, 805 (1951).

4 H. E. HarrisonN and H. C. HarrisoN, J. Biol. Chem. 185, 857
(1950).

5 R. Amprivo and A. ENgsTROM, Boll. Soc. ital. Biol. sper. 26,
148 (1950); Acta anat. (in press).
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According to the present results, theamount of labelled
mineral atoms which can bebound to the already calcified
ground substance of a given bone seems to depend to a
great extent on the relative amount of recently built and
not yet fully calcified pieces of ground substance. Evident-
ly the number of pieces of recently laid down bone tissue
is greater the higher the rate of microscopic rebuilding.
Thus, the activity of ‘bones after treatment with radio-
active:.elements should be greater the wider the recon-
structive processes which occur in spongy and compact
bonel. In this respect, the differences of activity of the
skeleton of young and of mature animals of the same
species after administration of labelled Ca or P or of U,
Sr, etc.?, might depend—at least partly—on the well-
known differences of the rebuilding rate of the skeleton
in the various stages of life3.

The same reasoning might provide an explanation of
the differences of radioactivity between diaphysis and
epiphyses of long bones (cf.i.al.4); indeed, the rate of the
microscopic reconstruction is higher -throughout life
in spongy bone of epiphyses and of metaphyses than in
compact bone of diaphysis®. R. AMPRING

Institute of Anatomy, University of Turin, August 5,
1951.

Zusammenfassung

Diinnschliffe von frisch fixierten oder mazerierten
Knochen wurden ¢n vifro der Einwirkung von radio-
aktiven Ca- und P-Salzen unterworfen. Die Autoradio-
graphien beweisen, daB3 Ca*® und P32 in gréBerer Menge
von den verhiltnismidBig weniger kalzifizierten Ab-
schnitten der Grundsubstanz des Knochens iibernom-
men werden. Die Menge der anorganischen Salze, welche
unter diesen Bedingungen von den verschiedenen Kno-
chen aufgenommen wird, hingt hauptsichlich von der
relativen Menge der vorhandenen organischen Substan-
zen und von den in der Grundsubstanz enthaltenen
Osteomukoiden ab.

1 R. AMPRINO, Arch. Sci. Biol. 37, 208 {1946).

2 M. FALkENHEIM, W, F. NEUuMAN, and H. Hopge, J.Biol.Chem.
169, 713 (1947).—W. F. NEUMAN, M. W. NEUMAN, and B. J. Mut-
RYAN, J. Biol. Chem. 175, 705 (1948).—H. E. HARRrISON and H. C.
HarrisoN, J. Biol. Chem. 185, 857 (1950).—N. S. MacDownALD,
R. E. NusBauM, R. STEARNS et al., J. Biol. Chem. 188, 137 (1951).—
D. C. Joxes and D. HaroLp Copp, J. Biol. Chem. 189, 509 (1951).

3 R. AmpriNO and A. BairaTi, Z. Zellfschg. 24, 439 (1936).—R.
Amprino and G. GopiNa, Comm. Pont. Acad. Sci. 11, 329 (1947).

4 M, ManLy LEFeVRE and W. F. BaLE, J. Biol. Chem. 129, 125
(1939).—R. S. ManrLy, H. C. Hopcg, and M. LEFEVRE ManLy, J.
‘Biol. Chem. 134, 293 (1940).—G. CH. HEVESY, H. B. Levs, and Q. H.
REBBE, Bioch. J. 34, 532 (1940).—W. F. NEuma~N and R. F. RiLEY,
J: Biol. Chem. 168, 545 {1947).—W. D. ArmMsTrRONG and C. P. Bar-
~NuM, J. Biol. Chem. 172, 199 (1948).—N. S. McDonaALD, R. E. Nus-
BAUM, R. STEARNS efal., J. Biol. Chem. 188, 137 (1951).—P. LAcRrOIX,
R. DEevIs, and E. ScHIcKs (in press).

5 R. AMPRINO, Monit. Zool. ital., Suppl. §6, 142 (1948).

L’utilisation du chlorure de 2,3,5-triphényl-
tétrazolium pour 1’étude de I'activité déshydro-
génasique des mitochondries

Le chlorure de 2,3,5-triphényltétrazolium (TPT),
obtenu par von PEcHMAN et RUNGE?, est un dérivé in-
colore, trés soluble dans I’eau, qui, sous I'action des ré-
ducteurs — inorganiques (hydrosulfite de sodium, sul-
fure d’ammonium, etc.) ou organiques — se transforme

1 H. von PEcumMaNN et P. Rungg, Ber, Disch. chem. Ges. 27,
2920 (1894).

[ExPERIENTIA VoL VIIIf1]

en un corps fortement coloré en rouge, insoluble dans
I’eau, soluble dans de nombreux solvants organiques, le
triphénylformazan. Nous nous trouvonsdonc en présence
d’un systéme dont la forme colorée est représentée par
I'état réduit, fait particuliérement remarquable pour son
utilisation en vue de la détermination des déshydrogé-
nases.

Nous avons utilisé la méthode de GREEN (homogénéi-
sation au mixeur, centrifugation dans une solution de
KCl a 9%,)! pour la préparation de mitochondries
(cyclophorase) de foie et de rein de rat et de lapin. La
technique adoptée pour I’étude de 'activité déshydrogé-
nasique est la suivante: & une quantité donnée de suspen-
sion de mitochondries (1 cm3), on ajoute un tampon
phosphate 0,2 M a pH 7,3 (0,5 cm?), le substrat corres-
pondant 4 I'enzyme & étudier et des activateurs variables
selon les cas (MgCl,, adénosinetriphosphate, etc.). Aprés
avoir complété 4 un volume donné (3 cm?) par de
l'eau bidistillée, on ajoute 1 cm?® d'une solution
aqueuse de TPT & 0,1%. Il cst indispensable d'uti-
liser une solution frajchement préparée de TPT et
maintenue a l'abri-de la lumiére. En effet, le TPT,
trés stable 4 Vétat anhydre, s’altére en scolution
aqueuse sous l'action de la lumiére qui, par une réac-
tion d’oxydoréduction -interne, le .transforme en tri-
phénylformazan et en chlorure de 2,3-(o-biphényléne)-5-
phényltétrazolium2 On porte au bain-marie & 37°C
pendant 20 min et on extrait alors le formazan.

L’extraction de la totalité du colorant est difficile en
raison de l'adsorption d’une partie de celui-ci sur les
mitochondries. L’adjonction d’acides ou de bases forts
décolore le formazan et est donc & rejeter. L’acétone
(6 cm?) permet une extraction satisfaisante, a condition
d’agiter fortement; 'adjonction d’acide trichloracétique
(1 cm?® & 409%)3 n’est pas utilisable pour 'extraction du
triphénylformazan, car elle décolore celui-ci. Les dé-
tergents (zéphyrol) ne facilitent pas l'extraction. En
dehors de l'acétone, nous avons obtenu une excellente
extraction par le mélange suivant: alcool éthylique,
5 cm? + alcool nonylique (ou caprylique), 1 cm3.

Aprés adjonction du solvant, on agite, centrifuge,
filtre et mesure I'absorption du filtrat 4 492 mu. Les lectu-
res ont été faites A cette longueur d’onde a 'aide d’'un
spectrophotométre de Beckman, modéle DU. Nous
avons déterminé la courbe d’absorption du TPT et du
triphénylformazan et trouvé qu’alors que le premier de
ces corps n’absorbe pas dans le visible, le second (dissous
dans un solvant organique, l'acétone par exemple) ab-
sorbe fortement entre 400 et 550 mu, avec un maximum
A 492 my (ex10-% = 14,9). Dans 'ultraviolet, TPT et
formazan {ce dernier dissous dans l’éther et non dans
I’acétone vu la forte absorption de ce solvant) absorbent
fortement au-dessous de 310 my, avec un maximum A 245
my pour le TPT et 295 my peour le formazan. Rejoignant
les conclusions de KuN et ABoop4, nous avons d’autre
part établi que la densité optique des solutions de forma-
zan est bien une fonction linéaire de la concentration,
aussi bien dans le visible que dans l'ultraviolet. Ce fait
permet donc aisément la détermination spectrophoto-
métrique de la concentration en formazan.

Les lectures d’absorption doivent étre faites peu de
temps aprés la fin de la réaction. En effet, si le formazan
est relativement stable en solution dans l'acétone ou

1 D.E. GreeN, W, F, LooMis et V. H. AuersacH, J. Biol. Chem.
172, 389 (1948),

2 F, WEYGAND et I. Frank, Z. Naturforsch. 35, 377 (1948).

3 A. M. RUTENBURG, R. GOFSTEIN et A, M. SELIGMAN, Cancer
Res. 20, 113 {1950).

4 E. Kun et L. G. Aroop, Science 109, 144 (1949).



