
Technetium-99m has been found physically opti
mal for scintigraphy (1,2). Readily obtainable from
a aomTcgenerator as pertechnetate (TcO4), it is val
uable for scanning the brain (2), thyroid (3) and
cardiac blood pool (4), for detecting extracranial
neoplasms (5) and for making scintiphotographic dy
namic studies of the heart and great vessels (6,7).
The clinical application of 9OmTcis further extended
by a number of technetium-labeled compounds such
as a9mTc in fat emulsion (8), o9mTc@Fecomplex
(9), BBmTc.albu@ (10,11 ), oOmTc@macroaggregated
albumin (10,12), OomTc(V)@citrate complex (13â€”
15) and BBmTc@Scolloid. Currently six colloidal sul
fur preparations are available and are used chiefly
for photoscanning the liver and spleen (16â€”22). We
have synthesized a new colloidal preparation, BOmTc@
iron colloid with relatively small particles, a large
fraction of which are localized in bone marrow.
This report describes the preparation bf the colloid
and its distribution in rabbit tissue after intravenous
injection.

MATERIAL AND METHODS

Preparation of OOmTc@Fecolloid. Using a modill
cation of the method of Howard and Weber (23),
aOmTc(VII)..pe@echnetate is reduced with ascorbic
acid in the presence of thiocyanate to BOmTc(V)@
thiocyanate complex. The @mTc@Fecolloid is formed
by alkalinizing the reduced complex with NaOH in
the presence of FeC13, Dextran and gelatin, then
neutralizing the mixture with HC1 and finally heating
it to form a stable, clear, brown solution. The BemTc@
pertechnetate was â€œmilkedâ€•from a DomTcgenerator
(donated by Nuclear Consultants Corp., St. Louis,
Mo.) by elution with isotonic saline solution. One
milliliter of 10 N HCI was added to 4.25 ml oBmTc
eluate with constant stirring. To the eluate, 0.15
ml of 1% W/V FeCl3 6H20, an equal volume of
50% W/V ammonium thiocyanate and 1 ml of

5 % W/V ascorbic acid were added in sequence and
mixed well for 5 min. This mixture was the â€œre
duced milkâ€•used for subsequent labeling. To a
flask containing 2 ml of 6% Dextran 70 (Baxter)
were added slowly 0.5 ml of 1% W/V FeCl3 .6H30,
1 ml of â€œreducedmilkâ€•and 0.5 ml of 20% W/V
gelatin, U.S.P., while stirring continuously. The re
action mixture was titrated to pH 10.5â€”11.5 with
10 N and 1 N NaOH in sequence and then adjusted
to pH 7.5 with 1 N HCI. The flask was heated in
a boiling water bath for 5 mm. After it was allowed
to cool to room temperature, the solution was cen
trifuged at 20,000 G for 10 mm. The clear, brown
supernatant was the final preparation. The final
product could be distinguished from the intermediate
thiocyanate complex and the starting OBmTcO4 by
ascending paper radiochromatography (see section
on paper chromatography and Fig. 1). The final
solution prepared by this method usually had a
total activity about %th of that of the starting milk
and contained approximately 98% @mTc-Fecolloid
and 2% BOmTc@pertechnetate.The colloid had a main
molecular size intermediate between that of albumin
(M.W. 69,000) and iron-Dextran complex (M.W.
156,000) (24) (see section on zone ultracentrifuga
tion and Fig. 2). The dialyzable fraction of the prep
aration was 9% (see section on dialysis).

Laboratory animals. New Zealand male rabbits
weighing an average of 3,350 gm were used. Animals
were fed Purina chow and allowed water ad libitum.

Measurement of radioactivity. Radioactivity in the
carcass and intestine was measured with a large
ionization chamber and that in the other organs with
a scintillation system adapted for large samples
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(Tobor, Nuclear-Chicago, Chicago, Ill.) . Ali@uots
of samples of whole blood were counted in a well
scintillation counter.

Paper chromatography. Ascending paper chroma
tography of urine samples and batches of the 99mTc@
Fe colloid was performed on Whatman #3MM
paper in 85 % methanol for identification and quan
titation of the colloid. Scanning the radioactivity on
the paper chromatograms was carried out with an
automatic windowless gas-flow counter and recorder
(Scanogram II, Atomic Accessories, Valley Stream,
N.Y.) . The areas under the recorded peaks of the
radioactivity on the chromatographed paper strips
were measured with a planimeter. The percentage
of the total radioactivity from an identified corn
ponent was calculated from the ratio of the area
under its respective peak to that of the total area
of all radioactive components.

Zone ultracentrifugation in a density gradient.
Density gradient tubes were prepared according to
the method described by Ricketts et al (24) . The
sample (0.2 ml) was carefully layered on top and
the tubes were centrifuged at 20,000 rpm for 16 hr.
Samples used included ( 1) a 1:20 dilution of the
iron Dextran complex (Imferon, Lakeside Labora
tories, Milwaukee, Wis.) ; (2) a 4% solution of al
bumin coupled with â€œProcionâ€•red dye (Imperial
Chemical Industries, Providence, R.I.) ; and (3)
9amTc..Fecolloid without dilution. After centrifuga
tion, the displacement of the aamTc@Fecolloid was
compared with that of Imferon and albumin cou
pled with the dye.

Dialysis. One milliliter of o9mTc@Fecolloid was
diluted to 500 ml with distilled water. A 2O-pI ali
quot was withdrawn and transferred to a test tube
for counting. This sample represented the original
fraction. Another milliliter of the colloid was placed
in seamless cellulose dialyzing tubing (average pore
diameter, 4.8 m@) and dialyzed against 500 ml of
distilled water under continuous agitation. At 10-
mm intervals from the starting time, a 2O-@@laliquot
of the dialysate was transferred to a clean test tube.
This sampling procedure was continued for 150 mm.
The samples of the original fraction and dialysate
were counted in a well scintillation counter, and
the counting rates of the latter were plotted against
time on graph paper. The percent dialyzable ma
terial was calculated directly from the ratio cpm/20
@Llof dialysate at equilibrium to cpm/20 @lof orig
inal. After 150 min, dialysis was continued against a
fresh supply of 500 ml of distilled water for another
2 hr, after which sampling and counting of the
dialysate were repeated. In the second determina
tion, the amount of diffusible material was negligible.

Scintiphotography. An Anger scintillation camera
(Pho/Gamma, Nuclear-Chicago, Chicago, Ill.) with

a 3-in.-thick multichannel collimator was used. Scm
tiphotos were taken of the anesthetized rabbits in
the prone position. The instrument was calibrated to
record the 140 keV photopeak of 9omTc within a
15% window. Usually 150,000 counts were collected
per projection, the light intensity value was 760 and
defocused imaging was used.
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FIG. 1. Radiochromatogramsof (A)startingmaterialat pH 4,
(B) intermediate product at pH 0.1 and (C) final product at pH
7.4 on Whatman No. 3MM paper in 85% methanol. Sample vol.
urn. applied was 2-3 @din each chromatograph.
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FIG. 2. Sucrosedensitygradientultracentrifugationof mmTc.
F. colloid, â€œlmferon,@'and serum albumin coupled with @â€˜Procionâ€•
red dye.
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TABLE1. 9OmTcDISTRIBUTIONIN TISSUESOF THREERABBITSAFTER
INTRAVENOUSINJECTIONOF Tc-FeCOL1OID@

6.41
6.35-6.50

10.5
8.60â€”12.9

0.22
0.16-0.29

107
10.4â€”11.0

2.03
0.90â€”2.67

4.92
4.15â€”5.32

0.46
0.42â€”0.51

0.10
0.09â€”0.11

7.08
7.01â€”7.16

9.80
8.00-113

0.26
0.12â€”0.39

10.4
10.4â€”10.4

0.98
0.48â€”1.48

4.28
4.23-4.33

0.34
0.30-0.38

0.06
0.06â€”0.07

639
671â€”6.87

10.5
8.60â€”12.5

0.13
0.12â€”0.14

10.3
8.69â€”11.6

0.60
0.56â€”0.62

5.87
5.03â€”6.41

0.15
0.13-0.19

0.04
0.03-0.05

7.92
7.27â€”8.59

9.80
7.40â€”11.7

0.13
0.08â€”0.18

10.3
8.68â€”12.2

0.40
0.34â€”0.45

5.87
5.82-5.96

0.15
0.12â€”0.17

0.04
0.03-0.05

0.23
0.23â€”0.23

0.17
0.14â€”0.21

0.16
0.14â€”0.19

0.07
0.07-0.07

0.05
0.04â€”0.06

0.01
0.01â€”0.01

0.01
0.01â€”0.01

0.02
0.01â€”0.02

0.11
0.10â€”0.11

0.25
0.24â€”0.26

0.16
0.13â€”0.19

0.11
0.11â€”0.11

0.07
0.07â€”0.07

0.04
0.03â€”0.04

0.01
0.01-0.01

0.01
0.01â€”0.01

0.01
0.01â€”0.01

0.06
0.06-0.06

0.26
0.22â€”0.29

0.17
0.14â€”0.22

0.06
0.05-0.06

0.07
0.05â€”0.08

0.01
0.01â€”0.02

0.01
0.01â€”0.01

0.27
0.25â€”0.28

0.16
0.12â€”0.19

0.07
0.05â€”0.09

0.06
0.05-0.07

0.01
0.01â€”0.01

0.02
0.01â€”0.03

Bone marrowt

Spleen

Liver

Lungs

Intestine

Stomach
<0.01

0.01
0.01â€”0.01

0.01
0.01â€”0.01

<0.01
Testes

<0.01
0.01

0.01â€”0.01
Blood

Carcassf 27.9
253â€”29.4

63.2
56.8-683

18.4
17.8â€”18.9

51.6
48.4â€”54.9

430
3.80-5.30

39.1
333-443

4.60
3.10â€”6.60

39.2
32.8â€”54.9

Whole body

S Mean values are centered above corresponding ranges. Radioactivity in organs includes that due to blood in each organ. Ac

tivity of stomach, small intestine and colon includes that of contents.
t Percent dose administered radioactivity in bone marrow is calculated using data from Ref. 41. Bone marrow of adult rabbits

constitutesabout 2.2% of total-body weight, and 85â€”90%of total marrow weight is active. Accordingly percent dose k esti
mated as follows: (Body wt In gm X 0.022) X 0.85 X % of dose/gm.

f Foreachtimeintervalfractionof administereddose(%) takenup by bonemarrowhas been subtractedfromthat obtained
from carcass including skeleton.

standards for smaller organs and blood samples. The
weights and radioactivity of the various organs were
measured. The radioactivity of each blood sample
was measured. In one rabbit a urine sample was
obtained from the excised urinary bladder 0.5 hr
after administration of the dose. Ascending paper
radiochromatography showed that all the radioac
tivity in the collected urine was in the form of the
intact colloid.

The distribution of the 9omTc@Fecolloid in the
organs at varying intervals after injection of the dose
is shown in Table 1. The organs are listed in order
of decreasing concentration of radioactivity. When
the results were expressed as percent dose, it was
found that (1 ) 99mTcactivity was relatively high in
the bone marrow, liver and kidney; (2) the uptake
in bone marrow was equal to that of the liver
(around 10% ) ; (3) radioactivity tended to decline
with time in all organs except the kidney, bone mar
row, liver and intestine, the percent dose of which
remained approximately constant throughout the
whole period of observation; and (4) within 30 mm
after injection, about 40% of the Â°Â°mTc-Fecolloid

RESULTS

Tissue distribution studies. The distribution of ra
dioactivity in various organs of the rabbit was studied
at various intervals after intravenous injection of
a9mTc@Fecolloid. Each of 12 rabbits received 1 ml
(380 MCi) of 99mTc@Fecolloid through a marginal
ear vein. At four different times after injection rang
ing from 0.5 to 5 hr, a group of three rabbits was
killed by an intravenous injection of 300 mg of
sodium pentobarbital (Diabutal, Diamond Labs, Des
Moines, Iowa) . Just before sacrifice, 2 ml of whole
blood was drawn and heparinized. The following
organs were taken in toto from each animal: intes
tine, liver, kidney, lung, spleen, stomach and testes.
The gastric, intestinal and colonic contents were not
removed. We also removed samples of bone marrow
from the femurs. One rabbit was killed immediately
after being injected with the same dose of the @@mTc@
Fe colloid, but we did not dissect it. The radioac
tivity of this animal represented the standard injected
dose from which the figures of the precent dose in
the bulky carcass and intestine were derived. Suit
able dilutions of the injected material were used as
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had been excreted in the urine; after 30 miii, body
radioactivity declined slowly with a biological half
time of approximately 30 hr. When the figures were
expressed as percent dose/gm, the concentration of
99mTcactivity was greatest in the kidneys and bone
marrow, intermediate in the spleen and liver and
lowest in the lungs, stomach, testes and blood. The
concentration of 99mTcin bone marrow was about
2.5 times higher than that in liver. During the first
hour following injection, the blood concentration of
9amTcdeclined rapidly as the colloid was deposited
in the reticuloendothelial organs and excreted in the
urine. Thereafter the blood concentration remained
at a low but constant level. The concentration of
99mTcin the kidney, bone marrow and liver remained
constant from 0.5 to 5 hr after injection.

Scintiphotographic Studies. In another series of
experiments, scintiphotographic studies were per
formed in five rabbits. Each animal received an
intravenous injection of approximately 350 MCi/kg
of 99mTc@Fecolloid. At varying intervals afterwards,
a series of scintiphotos was exposed. The urinary
bladder had been emptied before scintiphotography.
The scintiphotographic findings confirmed those of
the distribution studies described above. From 15
mlii to 5 hr after injection, there was clear delinea
tion of the kidneys and bone marrow. Figure 3 is a
representative scintiphoto of the abdomen and pelvis
taken 1.5 hr after intravenous injection of the col
bid. The image of the dorsolumbar region was partly
obscured by that of the liver but was much less in
terfered with than when using 99mTc@Scolloid
(Fig. 4).

Chemical toxidty. The animals were carefully
watched for any signs of untoward reactions after
administration of the 99mTc@Fecolloid. In the prep
aration of the colloid the concentration of metallic
iron was 0.25 mg/mi. Six rabbits were given an in
travenous injection of 4 ml of this preparation (total
dose of metallic Fe, 1 mg or 0.3 mg/kg) without
provoking any immediate toxic reaction. They were
observed for 100 days. At the end of this period
they were killed, and gross postmortem examination
performed on them revealed no abnormalities.

DISCUSSION

With the procedure described above, o9mTc@Fe
colloid is formed by the following sequence of mech
anisms : ( 1) the positively charged colloidal ferric
oxide is formed by adding NaOH to the reaction
mixture containing FeCl3 (25) ; (2) the anionic
a9mTc(V)_thiocyanate complex is attached to the
positively charged ferric oxide mainly by adsorp
tion (26,27) and partly by complex formation
(28) ; (3) the positive colloidal ferric oxide is

FIG. 3. Pronelumbopelvicscintiphotoof rabbittaken1.5 hr
after an intravenous injection of â€˜Â°@Tc-Fecolloid. Bone marrow
and kidneys are clearly delineated.

FIG. 4. Pronedorsolumbarscintiphotoof two rabbitsafter
intravenous injection of same dose (350 MCi/kg of body wt) of
aSmTcFe colloid (at left) and Â°Â°mlc-Scolloid (at right). Pictures
were taken 1 hr after injection with same accumulation of total
counts (10,000) in each case. With mmyc.Fecolloid there is good
delineation of kidneys, while liver is poorly demonstrated; there
is faint visualization of dorsolumbar marrow. In contrast, when
using @@mTc@Scolloid, there is clear visualization of liver and
spleen and no demonstrationof kidneys or dorsolumbar marrow.

converted to a negative colloid without coagula
tion taking place by preferential adsorption of hy
droxyl ion in an excess of NaOH and in the presence
of the protective substances, gelatin and Dextran
(25,27) ; and (4) finally, the optimal growth of the
particles is obtained by heating at a controlled tem
perature (29) . It is important to stabilize the reac
tion mixture with gelatin before its titration with
NaOH. Gelatin is a negative colloid at pH > 4.7 and
therefore has a strong protective action against the
coagulation of ferric oxide during the latter's charge
reversal. Dextran, a neutral hydrophilic colloid in
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acidic, neutral or alkaline solution, is used to in
crease the labeling yield. This increase is small
(around 2% ) , and the mechanism is not clear.

The result of dialysis of the preparation of oamTc@
Fe colloid, using seamless cellulose dialyzing tubing
with average pore diameter of 4.8 m@,indicates that
the dialyzable fraction is 9% . According to Ostwald
(40) the range of particle size of colloidal dispersions
is from 1 to 500 m@, so there is still a significant
fraction of colloidal particles among 9% of the
dialyzable fraction. The major fraction of the parti
des of 99mTc@Fecolloid ranges from 6 to 10 m@on
the basis of our results of zone ultracentrifugation
and dialysis.

The results of the tissue-distribution studies indi
cate that there are high concentrations of 99mTc@Fe
colloid in the kidney and bone marrow. Concomi
tantly there is a lower concentration in the liver than
is observed with other 9DmTccolloids. For example,
the hepatic uptake of our colloid is only about %th
that of the aamTc@Scolloid prepared by Larson and
Nelp (21 ) . Consequently, the scintiphotographic
image of bone marrow in the dorsolumbar spine is
much less obscured by hepatic radioactivity when
the iron colloid is used (Fig. 4) . Furthermore, in the
rabbit the thickest portion of the liver is on the
sagittal plane relatively close to the spine (30) . In
contrast, the human dorsolumbar spine lies in rela
tionship to the thin left hepatic lobe, which is more
anteriorly located (31 ) . Therefore it should be pos
sible to visualize the dorsolumbar bone marrow
clearly in humans.

e9mTc@Fecolloid would have clinical value only
if the desired dose contained quantities of iron which
could be given safely. The positive colloidal iron
hydroxide cannot be injected intravenously because
the negatively charged serum precipitates it and
causes the formation of emboli which lodge in the
lungs and the glomeruli of the kidney (32) . On the
other hand, a negative sol containing an excess of
both alkali and protective colloid does not precipi
tate serum (33) . The negative colloidal iron prepara
tion has been used in medicine since 1920 (34).
The lethal dose of the negative colloidal ferric oxide
for animals has been estimated as 30â€”60mg of
metallic iron per kg of body-weight (35) . For mice,
the LD50 for such colloid is 25 mg Fe/kg which
is very close to the immediately lethal dose (ILD),
30 mg Fe/kg (36) . When colloidal ferric oxide
(total Fe = 50 mg, equivalent to 2 gm for a 70-kg
adult) was given intravenously to a rabbit, no toxic
reaction was provoked (37). According to Whipple
et al, the negative sol of the iron has never given
any untoward effects in dogs even when given in
travenously in large amounts (50 mg/day for 2

weeks) (38) . In our studies, the dose of iron ad
ministered to rabbits in 4 ml of the aamTc@Fecolloid
preparation (0.3 mg/kg) was not toxic. For man
the lethal dose for the negative colloidal ferric oxide
was assumed to be 28.6â€”57.2 mg Fe/kg, equivalent
to 2â€”4gm for an adult weighing 70 kg (37). Toxic
symptoms, however, appear long before this dose is
reached. Goetsch et al observed the effect of massive
doses of iron given intravenously to patients (39).
Of fourteen subjects, all but two had distressing re
actions when the amount (0.608â€”1.32 gm) of dc
mental iron was given intravenously in one injection
as negative colloidal sol. The maximal dose of injec
tio fern B.P. is 6 mg. If one were to give humans
3 mc of 99mTc@.Fecolloid intravenously for scin
tigraphy, and even assuming that one used a 5-day
old generator, the desired dose could be obtained
by increasing the 1% FeC!, . 6H20 to 0.6 ml (total
dose of metallic iron, 1.2 mg) and using 3 ml of the
tagging solution instead of 1 ml. This amount of
iron is approximately 500â€”1,000 times less than the
dose that would cause distressing reactions (39) . We
therefore believe that the colloid is without hazard
from the standpoint of iron toxicity.

The radiation hazard from the o9mTc@Fecolloid
is negligible. The limiting organ from the standpoint
of radiation is the kidney. However, even with a
relatively large dose of the 99mTc-Fe colloid (350
@&Ci/kgin the rabbit), the maximum absorbed radia
tion dose to the kidney was calculated to be only
280 mrads.

Harper and his associates have recently described
a compound for renal scintigraphy, @mTc@Fecom
plex, most of which is promptly excreted in the
urine after intravenous injection without significant
radioactivity appearing in the liver or intestine (9).
The formation mechanism and nature of their corn
plex remain unknown. The amount of FeCl3 used
in the preparation of e9mTc@Fecomplex is relatively
low (0. 1 ml of 1% FeCI3 6H2O), and there is still
a fair amount (40â€”50%) of free 9amTcO4_ which
must be removed by an anion-exchange resin col
umn (9) . In contrast, the o9mTc@Feco!loid prepared
according to our method but without heat aggrega
tion contained less than 5% free pertechnetate. If
the titration of the reaction mixture is terminated
at pH < 7.8, the amount of free TcO4 can be fur
ther reduced. We find it is not necessary to carry
out further purification steps. The tissue distribution
of such a nonaggregated preparation is similar to
that of Harper's complex, as shown in Fig. 5, i.e.,
excretion mainly by the kidney.

The favorable physical characteristics of 9omTc
and the results of the distribution of 9omTc@Fecol
bid indicate a potential clinical usefulness of this
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FiG. 5. Proneabdominalscintiphotoof rabbittaken1.5 hr
after intravenous injection of 300 @Ciof â€˜Â°mlc.Fecolloid without
heat aggregation. Note clear delineation of kidneys and lack of
visualization of bone marrow.

agent for bone-marrow visualization by scintigra
phy. It might be especially suitable for evaluation
of the bone-marrow involvement by tumors, such as
Hodgkin's disease, metastatic carcinoma or leukemic
infiltration. Such an evaluation is important to plan

ning treatment. We would anticipate an advantage
of this colloid over OamTc..Scolloid in bone-marrow
scanning because of the relatively low obscurative
localization of aamTcFe colloid in the liver.

SUMMARY

A method for synthesizing oamTc@Fecolloid has
been described. The preparation consists of rela
tively small particles. Distribution and scintiphotog
raphy studies in rabbits indicate that about 40% of
the intravenously injected colloid is rapidly excreted
in the urine. The remainder is deposited chiefly in
the bone marrow, kidneys and liver. Because of the
relatively low uptake in the liver, the results suggest
that the colloid is potentially useful in clinical scin
tigraphy of bone marrow. Hazards from iron toxicity
or radiation are considered to be negligible.
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