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Fate of Sodium Pertechnetate-Technetium-99m
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Technetium-99m is a low-energy, short half-life iostope that has been recently
introduced into clinical use. It is available as the daughter of Â°9Mowhich is re
covered as a fission product or produced by neutron bombardement of molyb
denum-98.

The aim of the present work is to study the fate of sodium pertechnetate
9OmTc and to find out any difference in its distribution that might be caused by
variation in the method of preparation of the parent nuclide, molybdenum-99.

MATERIALS & METHODS

The distribution of radioactive sodium pertechnetate milked from 99Mo that
was obtained as a fission product (supplied by Isocommerz, D.D.R.) was studied
in 36 white mice, weighing between 150 and 250 gm each. Normal isotonic saline
was used for elution of the pertechnetate from the radionuclide generator. The
experimental animals were divided into four equal groups depending on the
route of administration of the radioactive material, whether intraperitoneal, in
tramuscular, subcutaneous or oral. Every group was further subdivided into three
equal subgroups, in order to study the effect of time on the distribution of the
pertechnetate. Thus, the duration between administration of the radio-pharma
ceutical and sacrificing the animals was fixed at 30, 60 and 120 minutes for the
three subgroups respectively. Then the animals were dissected and the different
organstaken out.Radioactivityin an accuratelyweighed specimen from each
organ was estimated in a scintillation well detector equipped with one-inch
sodium iodide thallium activated crystal. This was compared with activity in an
accurately measured sample from the administered pertechnetate to permit cal
culation of percentage of administered dose per gram of each organ.

The whole procedure was repeated on another group of nine mice, after pre
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treatment with potassium perchlorate in the dosage of one mg orally. In this
particular group, the sodium pertechnetate@9omTc was injected intramuscularly.

The disappearance of labelled pertechnetate from the circulation was studied
in six dogs. For this purpose, the animals were put under intravenous nembutal
anesthesia before the administration of the radioactive material through the
femoral vein. Serial blood samples were collected at three-minute intervals for
15 minutes and then every quarter hour for 90 minutes. Radioactivity in an ac
curately-measured 2 ml from each blood sample was measured in the scintillation
well detector. The same experiment was then repeated on another two dogs after
the oral administration of 50 mg of potassium perchiorate.

Lastly, in order to investigate the effect of variation in the method of prep
aration of the parent 99Mo on the distribution pattern of radioactive pertechne
tate, the same procedure that has been described above was repeated on another
batch of nine white mice, using o9mTc that was milked from 99Mo prepared by
neutron bombardment.' The radioactive material was administered intramus
cularly.

1Produced by the Nuclear Chemistry Department, A.E.E., U.A.R.

Oisappear@ince of sodium perrechnerare__99m Tc

Fig. 1. Disappearance curve of labelled pertechnetate from the circulation of dogs with.
out pretreatment with perchlorate and after the oral administration of 50 mg potassium
perchlorate.
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RESULTS

The tissue distribution of sodium pertechnetate@99mTc expressed as per cent
of dose per gram tissue is summarised in Table I. This table illustrates the dif
ferences in distribution that happened with time and/or with changing the route
of administration of the radioactive material. In order to calculate the percentage

1 0'

1

Ui

z

z
0

>.

C.,

10 -a.

20 40 60

CHANNEL NUMBER

Fig. 2. Gamma ray spectrum of 99mTc milked from Â°9Moprepared by neutron born.
bardment of D8Mo. Energy per channel is 5.5 keY.
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of dose that accumulates in any organ at any specified time, it is necessary to
multiply the per cent of dose per gram at that time by the weight of the particular
organ. Table II shows the average weights of some organs expressed as per
centage from the total body weight obtained in 10 white mice. By calculation,
the amount of radioactivity that could be accounted for in the organs examined
after 30 minutes from the parenteral administration of the labelled pertechnetate
was 40 to 70% of the injected dose. From Table I, it can be seen that the highest
concentration of radioactivity was in the stomach and kidneys, followed by the
liver and lungs and then the other organs. Radioactivity per gram tissue was
noticed to decrease with time, except in the case of the kidneys where it rose
after going down.

After perchiorate (Table III), the concentration of radioactivity per gram
in all the studied organs was lower than without this drug, particularly so with
the kidneys and stomach. Furthermore, this effect was seen to decrease with time,

except with the kidneys.
In the dog experiments, the disappearance of labelled sodium pertechnetate

from the circulation followed a biphasic exponential pattern( Fig. I). The first
part was rapid, with a mean disappearance half-time of 17 Â±4 minutes. (Mean
Â± 1 S.D.), and the range, was from 11 to 22 minutes. The second phase was rather

slow, with a disappearance half-time that ranged between 41 and 75 minutes
with a mean of 64 Â± 15 minutes (Mean Â± 1 S.D.). Meeting of these two seg
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Fig. 3. Gamma ray spectrum of 99mTc milked from 99Mo that was obtained as a fission
product. Energy per channel is 7 keY.
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OrganWeight

of different

organs in grams in

an animal of 230 gmsPercentage

from total

body weight

(Mean of 10mice)Liver9.4804.25Kidneys1.7300.72Testes4.4001.36Heart0.9100.40Spleen1.1200.40Salivary

glands1.1500.50Lungs1.2600.65Stomach

(Empty)2.1800.88

FATE OF SODIUM PERTECHNETATE-TECHNETIUM-99M 55

ments occurred at 10 to 20 minuteS from isotope injection and the mean was
15 Â± 4 minutes ( Mean Â± 1 S.D. ) After perchlorate, the only significant change

noticed was in the second phase of pertechnetate disappearance curve. This seg
ment became much slower than before and showed a disappearance half-time
of 110 to 130 minutes.

The tissue distribution of sodium pertechnetate@oomTc milked from Â°9Mo
that was prepared by neutron bombardment was more or less the same as when
the 99Mo was recovered as a fission product, except for the concentration of radio
activity in the kidneys which was noticed to be much lower (Table IV). Further
more, the decrease in the level of radioactivity in the various organs with time
was much slower.

DISCUSSION

The 140 keV gamma emissions of 99mTc were first used clinically by Sorensen
and Archambault in 1963 (1) for photoscanning of the liver through the adminis
tration and hepatic localization of the parent nucide Molybdenum-99. In the
same year, Harper et at (2) reported their results concerning the suitability of
injected O9mTcfor scanning of the liver, thyroid and, later, the brain. Since then,
newer applications for this isotope are being introduced by various authors (3-8).

In the present work, it was noticed that the stomach contained the highest
level of radioactivity irrespective of the route of administration of sodium per
technetateâ€”Technetium-99m (Table I). This finding agrees with the results of
previous workers in this field (4,9-12). However, with the oral route the con
centration of radioactivity in all the investigated organs, with the exception of the
stomach, was rather low. This condition might be explained by the technical dif
ficulty encountered during the oral administration of the labelled pertechnetate
to white mice and/or the defective or delayed absorption of the radioactive
material. As regards the other routes of administration, that is, intraperitoneal in
tramuscular and subcutaneous, it was found that the tissue distribution and behav

TABLE II

WEIGHT OF So@n@ ORGANS OF WHrIt MICE EXPRESSED AS PER CENT FROM

Tm@TOTAL BODYWEIGHT. MEAN OF 10 Mia@.



Time after I.\i.

injection of 99'@Tc

(minutes)30601203060120Liver2.030.930.650.920.570.33Kidneys8.923.459.331.451.191.04Testes0.890.560.280.650.400.24Heart1.130.460.250.700.450.23Spleen1.190.420.480.630.400.27
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jour of radio-pertechnetate was more or less the same with minor differences that
could be accounted for by the difference in the rates of absorption between the
various routes of administration applied. Next to the stomach, the highest level of
radioactivity was found in the kidneys, followed by the liver and lungs, and then
the other organs (Table V). The thyroid gland was not included in this study since
its uptake of aamTc has been well investigated by previous workers (4,9) who
reported that about 2% of the labelled pertechnetate localized in the thyroid
gland and that the count rate over the thyroid closely followed that of the
parotid salivary gland (4). Radioactivity per gram from the various organs ex
amined in the present series of experiments with the exception of the kidneys was
noticed to decrease markedly with time. The calculated half-time for this de
crease was about 34 minutes for the heart, lungs, testes and salivary glands,
whereas for the liver and spleen T1 amounted to 45 minutes. This finding, to
gether with the rather high level of radioactivity in the liver, denotes a higher

TABu@III

EFFECr OF ORAL POTASSIUM PERCHLORATE ON THE DISTRIBUTION PArrERN

OF INTRAMUSCULARLY INJECTED LABELLED PERTECHNETATE.

Percent of dose/gm

Without pertreatment After perchiorate

Salivarygland 1.16 0.47 0.17 0.76 0.44 0.23

Lungs 3.16 0.86 0.46 1.03 0.66 0.31

Stomach 15.06 9.26 4.36 1.87 0.98 2.08



6Oininutes 1.46 2.64 0.57 0.89 0.98 1.13 1.36 10.95

l20niinutes 1.10 2.19 0.38 0.40 0.45 0.61 0.92 8.00

3Ominutes1.662.770.781.061.031.341.9211.90
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affinity of this organ for the sodium pertechnetate-@'9@Tc. As regards the rate of
disappearance of radioactivity from the stomach, it was noticed to be even
slower, the effective half-time being 66 minutes. In contrast to these results, the
concentration of radioactivity per gram kidney tissue did not show significant
changes during the period of observation. This phenomenon might be caused by
the fact that radioactivity leaving the other organs for elimination would go to
the kidneys, which were shown to be the main route for excretion of the Techne
tium-99m. (4, 6, 10).

After pretreatment with potassium perchiorate, the concentration of radio
activity per gram in all the examined organs of white mice was lower than with
out this drug (Table III ), denoting competition between the two agents or a
blocking effect exerted by the perchlorate on the uptake of the various organs for
sodium pertechnetate-technetium-99m. This condition would naturally lessen the
role played by tissue uptake in lowering the 9amTc blood level. A support for this
explanation was obtained in the dog experiments, where marked prolongation
of the disappearance time of labeled pertechnetate from the circulation was ob
served after perchlorate (Fig. I).

When the tissue distribution of sodium pertechnetate@O9mTc that was milked
from neutron-activated molybdenum was examined, it was found to be very
much similar to that of 99mTc obtained from the fission product, 99Mo, with two
main differences. One difference was the much lower level of radioactivity per
gram kidney tissue, while the other was the slower disappearance of activity
from the various organs over the period of observation. These findings could be
logically attributed to the complete absence of radiocontaminants, such as 99Mo,
103Ru, 106Ru, â€˜@Iand 1311that were shown to be present in the oomTc milked from
fission-produced Â°9Mo(13), and that are eliminated through the kidneys. This
concept can be supported by a comparison of the gamma ray spectra of two sam

TABLE IV

TISSUE DISTRIBUTION OF DOmTC THAT WAS MILKED FROM 99Mo PREPARED

BY NEUTRON BOMBARDMENT. THE RADIOACTIVE MATERIAL WAS

INJECTED VIA THE INTRAMUSCULAR RouTE IN WHITE Mica.

Percent of dose/gm
Time after the ________ _____________ ________
I.M. injection I

of 99mTc Salivary
Liver Kidneys Testes Heart Spleen gland Lungs Stomach



Liver2.111.290.4744Kidneys9.618.969.71â€”Testes1.460.760.2836Heart1.180.610.2136Spleen1.290.740.3245Salivary

gland1.140.670.1933Lungs2.641.670.4232Stomach10.078.464.3466
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ples of sodium pertechnetate-99â€•Tc milked from 99Mo that was prepared on one
occasion by neutron bombardment, whereas in the other instance it was obtained
as a fission product (Figs. 2, 3). As regards the objection raised about the rather
large size of generators needed to yield a sufficient activity of 9OmTcfrom neutron
activated molybdenum, it has been recently shown that more than 100 mC of
UOmTccould be supplied by a generator of reasonable dimension (14, 15). Since
this difficulty has been overcome, we think that 9OmTc obtained from 99Mo pre
pared by neutron bombardment and which is free from radiocontaminants would
be preferable.

SUMMARY

The tissue distribution of sodium pertechnetate@o9mTc was studied in white
mice. The highest levels of radioactivity were found in the stomach and kidneys,
followed by the liver and lungs, and then the other organs. Furthermore, radio
activity per gram tissue of all the organs examined with the exception of the

TABLE V

TISSUE DISTRIBUTION AND DISAPPEARANCE HALF-TIME OF INJECTED

PERTEcHNETATE@9OmTC FROM @EVARIous ORGANS. EACH COLUMN REPRESENTS

THE MEAN OF NINE MICE.

Percent of dose/gm at various

time intervals from the injection Disappearance

of sodium pertechnetate@9imTc half-time of

Organs ____________ ____________ ____________ pertechnetate
(minutes)

30 mm. 60 mm. 120 mm.
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kidneys decreased markedly with time. The effective half-time for this disap
pearance of activity was shortest in the heart, lungs, testes and salivary glands,
medium with the liver and spleen, and slowest for the stomach.

After pretreatment with potassium perchiorate, the disappearance of labelled
pertechnetate from the circulation of dogs became slower and the tissue con
centration of radioactivity in white mice was much lowered.

As regards the distribution of OOmTcobtained from 99Mo prepared by neutron
bombardment, it proved to be similar to that described above, except for the
much lower level of radioactivity in the kidneys and the slower disappearance of
activity from the organs.

Reasons were suggested for the explanation of these findings.
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