
Fifteen normal subjects were studied in miii
tiple sessions after administration of 9smTcO4
by the oral, subcutaneous, and intravenous
routes. Using plasma radioactivity after untra
venous administration as the norm for 100%
absorption, subcutaneous 99mTc04_ was ab
sorbed promptly with 95% or more absorption
occurring 45.8 Â± 22.7 (s.d.) mm after injec
lion. Orally administered 9omTcO4_ was errati

cally absorbed with marked variability in the
timing and extent of absorption. This variability
occurred between subjects and between sessions
In a single subject. The addition of human
serum albumin to bind the oral 99mTc04 did
not significantly affect absorption.

Six patients with gastrointestinal disease were
studied for absorption of oral â€˜9mTc04 and for
quantification of 99mTc04_ and 1317transfer into
the saliva and gastric juice after intravenous
administration. Gastric juice pH did not affect
absorption of oral 99mTc04_. Gastric juice!
plasma (G/P) and saliva/plasma (SIP) ratios
were greater for 131k than for S9MTcO4 in all
instances when measured simultaneously.

Technetium-99m-pertechnetate (oomTcO4 ) is
generally administered intravenously. However, in
some centers, it is given orally because of inappro
priateness of the available radiopharmaceutical for
parenteral use or for reasons of convenience. When
intravenous injection is impractical, the subcutaneous
route is said by some observers to be associated with
a fairly smooth blood level of DDmTc,often even more
suitable for brain scanning than after intravenous
administration. In centers where large numbers

of patients are studied after oral administration of
DOmTcO1â€”,most studies are found to be satisfactory.
However, an occasional patient inexplicably fails to
take up the radionuclide. These observations stimu

lated interest in quantifying uptake into the circu
lating blood after administration of oomTcO4 by
these alternate routes.

In addition to this practical problem, quantifica
tion of the extent and speed of transfer of oomTcO4_
from one physiologic compartment to another is
fundamental to development of an overall physiolo
gic model to predict and explain its distribution.
Such a model, to be described fully elsewhere, is
currently under development. The present study
examines the unidirectional transfer from the inter
stitial compartment into the plasma, transfer from
the gut into the plasma, and aspects of transfer from
the plasma into the gut.

MATERIALS AND METHODS

Absorption of aamTcO-- into plasma after sub
cutaneous or oral administration. Fifteen normal
subjects, aged 2 1â€”35years (paid volunteers), were
studied after OomT@Ã˜â€”administration in multiple
sessions. Studies were performed in the morning
after omission of breakfast. Five subjects (Group 1)
were also studied by scanning techniques for con
centration of the radionuclide in the thyroid and
received 1 mCi of OOmT@(Jâ€”each session. Before
the administration of 9DmTcO4, an indwelling needle
for repeated blood sampling was placed in an ante
cubital vein. Each subject was given the oomTcO4_
intravenously (into the opposite arm) on one of his
sessions. In the other sessions, he received 99mTc04_
subcutaneously or orally. The subcutaneous dose
was contained in 0.5 ml normal saline. The oral dose
was diluted to 10 ml with normal saline. The mcdi
cine cup was then washed three times with 30 ml
normal saline each and the washings were swallowed
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by the subject. Six of the subjects in Group 2 (two
of themin twosessions)alsowerestudiedafteroral
administration of OOmTcOâ€”accompanied by 0.9 gm
of human serum albumin ( 1% HSA added to the
90 ml normal saline wash of the medicine cup) (1).
Albumin is known to bind pertechnetate (1 ) and
this amount given orally causes a dramatic reduc
tion in thyroxine absorption (2) . Duplicate studies
of subcutaneous pertechnetate were also performed
in two subjects and triplicate studies of oral per

technetate without added albumin were performed
in two subjects.

After the administration of O9mTcOâ€”, blood sam
pies were obtained at 2, 5, 10, 20, 30, 45, and 60
mm in all subjects. In Group 2, the studies were cx
tended for a second hour, with blood samples at
75, 90, 105, and 120 mm.

Blood samples were placed in heparinized tubes,
the plasma separated, and 1-mi aliquots pipetted for
counting. Standards were made of appropriate dilu
tions of the administered dose. All counting was per
formed in a well-type scintillation counter, each
count being related to a standard counted no more
than Â½hr before or after.

The order of sessions for both Group 1 and
Group 2 were counterbalanced by using a Latin
square technique.

Results were expressed as the percentage of the
administered dose per liter of plasma. Estimation of

uptake into the serum pool was approximated by the
ratio of plasma radioactivity after oral or subcutane
ous administration to plasma activity at the same
experimental time after intravenous administration.
(This technique causes overestimate of absorption
percentage because of the rapid early disposal of a
portion of the intravenous dose. The ratio technique
was adopted here because of its simplicity. It was
felt that the systematic error introduced by this ap
proach is small and should not affect comparative
studies.)

Comparisonof absorplionratioof oral 9amTcO4,
gastric pH, and trapping by the salivary glands and
salivary mucosa. A series of six male patients, hos
pitalized for gastrointestinal disease (Group 3) , were
studied by a technique similar to that described
above but, in addition, had repeated sampling of
saliva and gastric juice. In these subjects an intra
venous dose of 20 @CioomTcO4 and 20 @Ci1811
were given at the beginning of the experiment. At
2 hr, 500 @Ciof OOmTcOâ€”was given orally. In the
subsequent sampling, oDmTcO4_plasma values were
corrected for residue from the earlier dose, projected
to the time of sampling.

The patients were asked to expectorate all of their
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FIG. 1. Ratioof plasmaradioactivityafteroralor subcutane.
ous administration of mmTcOi to that after intravenous adminis
trotion as function of time. Pooled data from Groups 1 and 2

(0â€”60mm). Group 1 only (60â€”120mm).
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TABLE1. FOURSUBJECTSWITH TRIPLICATE
ORALADMINISTRATIONSESSIONS:

Co 10 mm
30 mm
60 mm

120 mm
QU 10 mm

30 mm
60 mm

120 mm
BA 10 mm

30 mm
60 mm

120 mm
PL 10 mm

30 mm
60 mm

120 mm

â€”0.2
â€”0.2

1.4
0.4
1.0

71.2
98.4
923
20.4
75.8

107.0
109.8

2.3
19.4
62.4
67.2

11.0
28.2
88.6

149.3
15.2
64.1
92.8

100j
0.2
4.3

112.6
135.4

0.6
8.4

30.2
66.9

2.9
3.2
3.4

4.5
6.1

63.2
85.2
79-7
10.0
76.3
119.3

131.9
9.1

85.4
104.6

92.8

saliva but no stimulation was used. Two of the six
patients were unable or unwilling to produce saliva
samples. In those patients who cooperated, saliva
samples were obtained in 15-mm aliquots. If saliva
volume was inadequate for sampling after 15 min,
the time period was extended to 30 mm. Gastric juice
was sampled through a nasogastric tube at 2, 5, 10,
15, 30 mm, and every 15 mm thereafter. In these
subjects, blood samples were obtained on this sched

ule also. The gastric juice was sampled (duplicate
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1-mi pipetted specimens) and pH was measured.
Any gastric juice beyond the 2 ml needed for count
ing was reinjected through the indwelling gastric
tube. Hence, although a record of salivary flow was
kept in patients producing saliva, no attempt was
made to evaluate volume of gastric juice.

The saliva and gastric juice samples were counted
following the same system described above for
plasma samples. Results were expressed as percent
of the doseper liter of plasmaor gastricjuice and
also as the concentration ratio-to-plasma radio
activity.

RESULTS

Figure 1 shows for Groups 1 and 2 the means
and standard errors of the individual ratios of serum
radioactivity after subcutaneous or oral administra
tion as related to intravenous administration. The
subcutaneous/intravenous ratio reached unity fairly

promptly. The time required for the leveling of this
curve (95% of maximum or more) varied from 20
to 90 mm with a meanof 45.8 Â±22.7 (s.d.) mm.

Marked variability was observed in the absorption
of an oraldoseof 99mTcO,_ (notethelarges.d.in
Fig. 1) . Even when a single subject was studied on
three repeated occasions (Table 1) , oral 9omTcO4
absorption sometimes varied markedly. Figure 2
shows eight individual studies representative of the
oral/intravenous ratio selected (from 27 such stud
ies) to show the variability in extent and timing of
absorption of oral o9mTcO4 . We were unable to
explain this variability either between subjects or
within one subject's repeated studies.

Because D9mTcO4_ is known to be bound to serum
proteins, and in particular to albumin in man (I),
it was thought that the addition of human serum
albumin with ftOmTcO, might retard absorption of
the oral dose as occurs with oral radiothyroxine (2).
However, Table 2 shows that no such retardation
occurs.

Table 3 presents data about the six patients consti
tuting Group 3. Three of these patients had high
gastric pH and three had low. The time course of
gastric pH during the experiment is detailed for the
six subjects in Fig. 3. Table 3 shows that there is
no correlation between pH and absorption of

9â€•@TcO,â€”(presented here as the mean of the ab
sorption ratios for the second hour).

The other columns of Table 3 show that there is
no consistent relationship between gastric juice pH

and the effectiveness of trapping by the gastric
mucosa. The patient with unusually high gastric
trapping had a low pH and the patient with unusually
low trapping had a high pH but, statistically, the
G/P (the gastric juice/plasma ratio) was not sig

nificantly different in the two groups. These data
show that both the gastric mucosa and the salivary
glands concentrate â€˜@â€˜Iwith a higher concentration
ratio than they concentrate oDmTcO4_. The degree to
which 1311 concentration exceeds that of 9omTc04
appears to fluctuate among studies but is in the
range observed by Harden and Alexander (3).
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FIG. 2. Selectedindividualstudiesof ratioof plasmaradio
activity after oral administration of mmTcO, to that after intra.
venous administration as function of time. Curves were selected
(8 of total of 27 studies) to illustrate diversmtyof timing and amount
of absorption.
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TABLE2. INFLUENCEOF ADDEDHUMAN
SERUMALBUMIN(0.9 GM) ON ABSORPTION

OF ORAL9amT@â€”

Kl
BA
WI
FR
PL
RW
Mean

86.55
110.07

3.05
59.66

66.67
87.25
68.88

91.83
127.17(mean of 2 abs.)

25.42
95-99
77.28 (mean of 2 obs.)
1.93

69.77
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TABLE 3. COMPARISON OF GASTRIC JUICE pH, ABSORPTION OF ORAL 99@'TcO4 AND
GASTRIC JUICE/PLASMA (G/P) AND SALIVA/PLASMA (S/P) RATIOS OF 1311AND aOmTc

FO

vs
MS
RO

BA
ME

Mean

1.42
1J5
1.58
6.81
7.18
7.58

20.4
86.1
15.1
23.6
101.2
70.2
52.8

20.90
73.67
21.20

6.71
25.92
25.16
28.93

11.80
37.00

9.68
3.54

10.50
1631
14.87

24.14

19.95
13.42

23.80
20.33

13.64

9.52
5.54

16.55
11.31

67.5
0

62
49

0
29

single subject were lower after oral than after in
travenous administration. Beasley, et al (5) , using
a technique which did not permit use of a subject

as his own control, felt that oral absorption was

essentially 100% over a 4-day period.
It has long been known that iodide is concentrated

by the salivary glands and gastric mucosa and a
similar concentration mechanism for 9DmTcO4 was
observed in the earliest studies. Harden and Alexan
der (3) have shown that salivary clearance of per
technetate in a series of 26 subjects was approxi
mately one-half that of iodide, regardless of factors
altering the iodide salivary clearance. This difference
in clearance is probably due to serum binding of the
OOmTcOâ€”(1 ) , but it has been suggested also that
it is due to a different concentration site both for
the salivary glands (6) and the stomach (7) . Al
though concentration of aomTcO.@_ by the stomach
has been observed repeatedly in the nuclear medicine
clinic, this concentration appears not to have been
previously quantified in man.

These studies clearly show that absorption of oral
9DmTcOâ€”is so variable during the first 2 hr after
administration as to render the oral route virtually

useless when early quantitative uptake is needed.
However, subcutaneously administered 9OmTcO4â€”is
absorbed essentially quantitatively, usually within
the first hour, and it would appear to be very useful
for scanning studies performed after the first hour.

In our experience the subcutaneous radiopharmaceu
tical was well tolerated with no complications of

any type.
Technetium-99m-pertechnetate is known to have

a larger volume of distribution than 1311. Both ions

might be expected to distribute rapidly into the
interstitial space and its greater volume of distribu
tion has lead to the speculation that oomTcO4_ also

has significant intracellular distribution. However,
the studies of Andros, et al (4) and Beasley, et al
(5) , combinedwith the observationspresentedhere,
indicate a significant amount of pooling of U9mTcO4_
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FIG. 3. GastricjuicepH as functionof time duringfour cx
perimental hr in six patients of Group 3.

DISCUSSION

Despite the widespread use of oral and subcutane
ous 99@'TcO4 , no quantitative studies involving sig

nificant numbers of observations have come to our
attention. Andros, et al (4) observed in their initial
studies significant and markedly varying percentages
of the dose in the feces. From 0 to 36% of the dose
was recovered in the feces after intravenous admin

istration and up to 58% after oral administration.
They observed that blood radioactivity levels in a

pH OF
GASTRIC

ASPIRATE

334 JOURNAL OF NUCLEAR MEDICINE



PERTECHNETATE ABSORPTION AND SECRETION

in the gut, followed by a significant degree of fecal

excretion. This is in contrast to radioiodide, which,

while pooled in the stomach after secretion by the
salivary glands and gastric mucosa, is rapidly reab
sorbed once it passes into the small intestine. Gastro
intestinal pooling could well explain the relatively
great volume of distribution of oftmTcO4_.

Technetium-99m-pertechnetate is known to be
bound to serum proteins (Ref. 1 and others) . This
binding presumably accounts for the fact that serum
Â°Â°@â€˜TcOâ€”levels are higher than concurrent â€˜@â€˜Iafter
simultaneous administration. This binding should
also be adequate to explain the relatively decreased
concentration ratios in the salivary glands and gastric

mucosa. Additional studies following various types

of physiologicmaneuversto alter the trapping of
these tissues, and also histologic studies in man, will
be necessary before discounting in the human the
possible presence of anatomic differences such as
have been shown in the mouse salivary gland by
Stephen, et al (6) and in the cat gastric mucosa by
Meier-Ruge and Fridrich (7) . Marsden, et al (8)
reported in abstract form that in dogs the gastric
antral mucosa concentrates 1311 and fbmTcO4_ se

lectively more than does the corpus in animals who
respond to histamine stimulation.

This preliminary study might lead one to predict
that achlorhydric patients would have smaller con
centration ratios of both 131I and 9DmTcO,_ in their

gastric juices than do patients with normal or cx
cessive acid. Our data, while somewhat suggestive,
in no way prove this hypothesis.

The binding of â€œ9@TcO4to proteins, in contrast
to the free state of the iodide ion, can explain the
somewhat slower removal into the serum after sub

cutaneous injection. The transfer data presented in
Fig. 1 conform very closely to the prediction of
Welch, Adatepe, and Potchen (9) , based on a sim
pie compartmental analysis of blood ftomTcO,_ ra

dioactivity. These data also fit well the rate constant
for transfer from the subcutaneous pool into the
intravascular pool predicted by a multicompartmen
tal model for pertechnetate distribution under study
in this laboratory.
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