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The purpose of this communication is briefly to summarize our observ
ations regarding of distribution traced lead sulphide colloid and its disappearance
from the blood. The experiments are in close connection with investigations into
the function of the reticuloendothelial system conducted for several years in
our institute.

Traced or isotope colloids are especially suitable fo> investigations regarding
the disappearance of colloid from the blood and its distribution in the organs.
W ith their help the distribution of diminutive amounts of colloid may be
measured in the organism of the animals.

Various investigations have dealt with isotope or traced colloids (Hahn
and Sheppard, Sheppard and Hahn, Miller and Rossier Hahn, et al., Dobson et
al., eth. Among these there are, however,no data concerning colloidal lead.

Material and methods. Matured healthy female rabbits of from 2 to 3 kg body weight
were used for the experiments. The animals were given into an ear vein 2 mg per kg body
weight colloidal lead sulphide from a solution containing 1 mg PbS per ml. After injecting the
colloid and incising the marginal vein, 1 to 2 ml blood was taken from the opposite ear in
fixed intervals for 3 hours. 3 hours later the animals were killed by stunning at the nape and
bleeding out. The organs and parts preparated for radioactive measurements were weighed wet.

Preparation of traced lead sulphide colloid. The lead sulphide colloid used for the experi-
ments was prepared in a standard manner from traced lead acetate, ammonium sulphide and
gum-acacia as a stabilizator. The pH of the colloid was 7.6 at the time of the injection. For
tracing, a radioactive isotope of lead, ThB, was used. This has a half period of 10,6 hours
the system number 82, i. e. one identical with that of lead, and an atomic weight 212.

The preparation of traced lead acetate was carried out in the following way. A gold
disk 8 mm in diameter was placed in Thorium emanation over an emanating Radiothorium
preparation of O. Hahn, for about 24 to 48 hours. The disk was charged to a potential of
—200 V as compared to the container. By means of that well known method of radioactive pre-
paration, the actually positively charged ThA atoms, arising from the decay of emanation are
collected by the electrostatic field into the gold disk. The greatest intensity of the ThB preparat-
ion was practically reached within 24 to 48 hours (radioactive equilibrum). The radioactive
deposit was disolved from the gold disk with warm acetic acid and the acid was subsequently
evaporated in a dish. The ThB activity remaining in the dish was taken up by the 1 per cent
solution of lead acetat used for the preparation of the colloid. Standardization of the traced
lead sulphide colloid thus prepared was carried out by withdrawing a sample with a micro-
pipette of known volume, dehydrated in the glass receptacle of the Geiger-Miller counter,
and determining its radioactivity expressed in units of impulse per minute. This was the stan-
dard to which according to their activity the PbS content of organs was compared.

The technique of radioactive measurements. In order to determine their activity the
organs and blood samples were first digested wet. The samples not exceeding 0,5 g in weight
were digested in microtubes by means of perchloric acid and concentrated nitric acid. The
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digested material was transferred into a standardized glass container and dried. Drying was
carried out by means of an infrared drying apparatus which made it possible to avoid an event-
ual excrepitational loss of material. After adding some drops of distilled water to the material
dried in the dish this was covered by a disk made of filter paper, in order to assure equal
spr(i_aq:or;g, then the material was dried again. Selfabsorption of the material thus preparad is
negligible.

The measuring equipment, devised by Prof. S. Szalay, was constructed in the Institute
of Experimental Physics of Debrecen University. The equipment consisted of a special end-
window Geiger—Miller countertube and of the adjustments required.

Results and Discussion

1. Distribution of colloid in the organs. (See Table 1.) The Table shows
the lead sulphide content of the organs in gamma, calculated for 100 mg wet
weight, as well as the percentage of the 2 mg/Kg of colloid injected, stored in the
different organs. The amount of 2 mg per Kg body weight of lead sulphide was
calculated from the quantity of lead acetate used for preparation of the colloid.
The lead sulphide content of each organ was estimated by comparing its radiat-
ion to the standard.

As shown in the Table, among the examined organs of the reticuloendothel-
ial system, the greatest affinity to colloidal lead sulphide was found in the
spleen, the bone marrow, liver, kidney, lungs and adrenals, as computed for
wet weight. Only in two animals was there a measurable amount of colloid
in the lymph nodes while there was none in the pitutary and the thymus. (The
sign » 0 « in the Table means that the lead salt content of the organ was under
the limit of measurability, while »—« indicated that no measurements were
performed.)

3 hours after injection, the liver was found to contain an average of 27,0
per cent of the 2 mg/kg body weight of lead sulphide colloid injected, while
the kidney contained. 1,3 per cent., the spleen 0,78, and the lungs 0,57 per cent.
As the exact weight of the bone marrow cannot be determined, the percentage
of storage could not be estimated. Generally, the total weight of the bone marrow
is considered to be equal to that of the liver. Owing to the fact that, as cal-
culated for 100 mg wet weight, the bone marrow was capable of storing twice
the amount found in the liver, it is obvious that the major part of the colloid
is taken up by the marrow.

The values of animal No. 2, differing widely from other data in the Table, are ascribed
to the pregnancy of the animal.

We refrain from discussing the observation as no similar experiments have been carried out.

From among the organs examined the liver showed the most constant
values of storage. The fluctuations of storage in the spleen, bone marrow and
other organs were more varying. This has already been observed in our earlier
experiments with colloidal silver. The probable reason for the variation is
that the weight of the spleen is fluctuating to a greater extent than the weight
of other organs. The fluctuation in weight is generally about 15 per cent, while
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that of the spleen may amount to 30 per cent (Norton and Wolfe.) The relation
existing between the weight of the organs and their storage capacity has been
indicated our earlier results (Térd, Barka, Aros, Veldssy).

The results of the present experiments are in complete agreement with
literary data. The distribution of a certain metal colloid is probably under the
regulation of several circumstances not yet precisely understood. In any case,
the species of animal used is essential and results obtained on a certain kind
of animal may not be valid for other species orfor humans. Further, the dist-
ribution of a metal colloid may decisively affected by its dispersity. The average
size of the colloid particles used by us is, as measured with the electron micro-
scope, at about 200 A. From both our investigations and the experiments of
other authors (Dobson et al, Sheppard et al.) the conclusion may be drawn that
colloids of great dispersity are taken up in a high percentage by the bone marrow
and the spleen and to a lesser extent by the reticuloendothelial cells of the
liver. As far as the size of particles is concerned, the colloid used by us may
be considered of high dispersity. The metal colloid prepared by us, as well as
other preparations contain particles of different size in a certain characteristic
ratio. It may be stated that organotropy determined by a certain particle
size does not really exist. This means that for instance the liver may take up
mostly but not exclusively, large particles. Therefore, the relation between
dispersity and organotropy is a complicated problem which ought to be inves-
tigated exactly and in detail, and which has some practical importance, offering
the possibility of isolated therapeutical irradiation of a certain organ by means
of radioactive colloids. Some attempts in this direction have already been made.

It was surprising to note that the lymph nodes primarily noted as part
of the reticuloendothelial system, practicaly did not participate in storing the
intravenously injected metal colloid.

2. The disappearance of lead sulphide colloid from the blood. During the
three hours following the injection, blood was repeatedly withdrawn from the
animals, generally 8 times. The blood samples were digested and dried, their
activity was measured, and from the result the PbS content of 1 ml of blood
computed. The values obtained were plotted in a coordinate system as a fun-
ction of time. (Fig. 1.) According to the figure, the curves of disappearance
obtained by this method were greatly divergent, although the colloid had been
given in the same dose according to body weight, and under similar circum-
stances.

The conclusion may be drawn from the finding that the disappearance
rate of colloids from the circulation must be used for measuring the activity
of the reticuloendothelial system only with certain precautions. Besides, mathe-
matical evaluation of the results seems indispensable. One of the aims of our
mathematical analyses was to evaluate the results of experiments of this kind.
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A further aim of our analysis was to gain some information concerning the
mechanism of the disappearance of the colloid from the blood.

It is remarkable that both the curve obtained and the equation derived
may be applied only after mixing has been accomplished, i. e. from the moment
the colloid has reached its maximum concentration.

It was endeavoured to approximate the experimental data with a function
having the smallest standard deviation from the experimental findings and
offering, at the same time, the best mean value. Determination of such a fun-
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Fig. 1
The disappearance-curves of the colloid from the circulation

ction is the more important since it is indispensable for calculating the signi-
ficant differences between the experimental and control groups.

The approximation was performed according to the principle of the
smallest squares, with the aid of first and second order polinoms, linear fractional
function (hyperbole), and an exponential function, the exponent of which
consists of a polinom of the 1st or 2nd order. The functions thus obtained were
plotted in Fig. 2. According to our calculations, the exponential curve seems
to be the most adequate for the purpose.

A comparison with the experimental results of the exponential curves
obtained showed that a closer approximation can be attained bv dividing the
interval under test into two parts, and performing the regression by applying
an exponential function to the first phase and a lineal one to the second.

It should be noted that the limit of the intervals after division into two
phases is mathematically arbitrary and has been carried out after considering
the original curves.
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By this method the exponential approximation of the first 15 minutes
was computed as well as the lineal one ofthe remaining values. The calculations
were repeated by taking 30 and 60 minutes for the limit.

2bLLiT

Fig. 2
Regression of the values of colloid-disappearence from the blood

1. The exponential regression of the first 60 minutes. The equation of the curve is:
Y = e—<*039306x + 2.634644

2. The lineal approximation of the values measured between the 60 and 180 minutes. The equa-

tion of the curve is
y = —0.0118X + 2.50100

3. The exponential regression of the values measured between the 1 and 180 minutes. The equa-

tion of the curve is
Y — e—002167 x+ 2.53959

4. The hyperbolic regression of the values measured beetwen the 1 and 180 minutes. The equa-
ation of the curve is:

1
0.0170X — 0.0707

According to the analysis the double curve obtained with the exponential
regression ofthe first 60 minutes and with the lineal one of the remaining period
complies best with the real values. The equations of the mentioned curves are

as follows :

y — C—0,0393O6 X + 2,634644

and
-0,0118 X + 2.50100
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Such curves are not only mathematically the most adequate among the
calculated curves, but obviously they are in best accordance with the process.

According to the above, for drawing conclusions from curves dis-
playing the dissappearance of a colloid from the blood, it is necessary to
plot a basic curve, characterizing the colloid in question and serving as
a control curve, on the basis of a sufficient number of experimental
values. Further, in case of experimental intervention, experimental results
should be evaluated by comparison with at least a similar number of
controls.

It seems probable that the above considerations are also valid for
evaluating the disappearance rate of dyes from the blood in liver fun-
ction tests.

The disappearance from the blood ofthe dispersed colloid used is due to the
reticuloendothelial cells. We are not acquainted with the mechanism enabling
the reticuloendothelial cells to gather the colloid particles from the blood. It is
generally concluded that, at leastin the first phase, adsorption plays a prominent
role, the dynamism of which can be characterised by exponential equa-
tions simitar tothe above. Correlations in the living organism are far too comp-
licated, for be ing definitely explained in our days. From the factthat the
rate of diminution the colloid in the blood is linear from the 60th minute
onward, while the relation is exponential up to the 60th minute (linear ofplotted
semilogarithmically), it is concluded that the process is not uniform.

Summary

Colloidal lead sulphide colloid traced by ThB was produced. Its disappearance from the
blood after intravenous administration and distribution in the reticuloendothelial organs of the
rabbit was examined. The conclusions are the following :

1. The greatest affinity to lead salt colloid was observed in the spleen, the bone marrow
and the liver. In the second line the storage of the kidney, lungs and adrenals can be considered.
The thymus and pituitary do not contain any colloid in the third hour after the injection 27
per cent of the injected 2 mg per kg body weight of colloid is stored in the liver, 1,3 per cent in
the kidney, 0,87 in the spleen and 0,57 in the lungs.

2. Analyizing the disappearance from the blood, it was stated that the process can be
characterised by two functions, by an exponential one up to the 60th minute and from that
time on by a lineal function.

The distribution of colloid in organs and the disappearance from the blood is dis-
eussed.

We are much obliged to Professor S. Szalay, director of the Department for Experimental
Physics of the University of Debrecen for the preparation of traced radioactive colloid,
We are also grateful to Dr. B. Gyires (Mathematical Institute of the University of Debrecen)
for the mathematical analysis.
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The storage of the injected 2 mg
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In average :

3,71 337 1,7 0,08 0 053 012 0290 270 0,78 13 0,57

Table 1. The Distribution of traced lead sulphide in the reticuloendothelial organs.
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PACMPEAENEHWNE MEYEHOW CBWHLIOBOW COMIM B OPFAHAX PETWKYNO-
SHAOTENNAMBHOW CUCTEMbI

T. bapka, 3. lNMowanakn n J1. Keprec
Pesome

ABTOPbI M3rOTOBUAM NpK NOMOLLM TOpUM B MeueHblidi PbS konnoug. ocne BHYTpUBEH-
HOr0 BMPbLICKMBAHMs 3TOTO KO/N0MAA KPO/SIMKAM, OHU UCCNEAOBANM ero UCUE3HOBEHME N3 KPOBU
N ero pacrpefiefieHne B opraHax PeTWKYNOo-3HAOTENNAbHOW CUCTEME Ha3BaHHbLIX XMBOTHbIX.
ABTOpamy 6bI110 YCTAHOB/NEHO CNeAyIoLLEe :

1. Tlo OTHOWEHMIO K KONNOWAHOW COMM caMyt0 6OMbLyt0 aprHHOCTb MOKa3blBaOT
cene3éHKa, KOCTHbIA MO3r M MeyeHb. 3aTem CriedyeT OT/IOKEHWe B NMOYKax, Nerkux 1 Hagnoveu-
HUKax. Bunoykosas Xenesa v runodu3 He copepXat KOMMOWAOB. TpW yaca mocne nogayu
2 Mr,Kr PbS (KONMOMAHBIA) M3 3TOFO KOMM4YecTBa CoAepxkaT: nedyeHb 1,3%, nouka 0,87%
n 0,57% nerkue.

2. Mocne aHanM3MpoOBaHMA UCYE3HOBEHWS KOMNOUAHBLIX BEMYMH U3 KPOBM 6bINO ycTa-
HOBJ/IEHO, YTO 3TOT MPOLIECC XapaKTepnuayeTcs ABYMA QYHKLMAMM © [0 60 MUHYT SKCMOHEHLanNb-
HOW, a C 3TOr0 MOMeHTa JIMHENHON (YHKUMEN (y = e—o0 039306 x + 2.634644 M v = —0,0118 x
+ 2,50100).

ABTOpbl 0OCYXXAAIOT CheNnaHHble WM HabMoAeHUs Npy pacrpefeNeHun Konnouios B
opraHax u npu uvx NUCYE3HOBEHMA U3 KPOBMU.
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