
which is released during the decay of 1231.The resulting
septum penetration, when employing a high-resolution
low-energy collimator, is sufficient to reduce the image

quality even if extremely pure 1231is used. Considering
all factors, a substance would be preferable which can
be labeled with technetium-99m (@mTc)and is excreted
by tubular secretion to a sufficient extent.

In this context, a series of diamide-dithiol-(N252)
ligands was developed on the basis of the work by
Davison et al. (1,2), revealing pharmacokinetic prop
erties similar to OIH (3â€”10).The first clinical studies
had shown the triamide-monothiol-(N3S) complex Tc
99m-mercaptoacetylglycylglycylglycine (@mTc@MAG3)
to be the most appropriate substance to replace OIH
(11,12). Preliminary pharmacokinetic studies both in

animals and in humans showed notable differences
between this new radiopharmaceutical and OIH with
respect to the clearance, biological distribution and
plasma protein binding (6,11,13â€”17).

The aim of this paper is to present a systematic
investigation of differences existing between 99mTc..
MAG3 and OIH in humans on the basis of various
parameters. The results will be interpreted with respect
to the reason for the lower clearance of99mTc@MAG3as
compared to hippuric acid derivatives, the affinity of

the 99mTccomplex to the tubular transport system, its
presumed hepatobiliary excretion, and its renal elimi
nation mechanism, in order to allow better comprehen
sion of the quantitative results obtained from renal
function studies using @mTc-MAG3.

MATERIALSAND METHODS

All patients, either with native or with transplant (Tx)
kidneys, were referred for evaluation ofthe renal function and
gave their written consent. This study was approved by the
Ethical Commission of the University of Heidelberg and the
Federal Board of Public Health (Bundesgesundheitsamt).

Radiopharmaceuticaus
The precursor S-benzoyl-mercaptoacetyl-glycylglycylgly

cine was synthesized as previously described in another paper
(14). All intermediates were characterized by NMR-, i.r.- and
mass spectroscopy. The final product was additionally iden
tified by elemental analysis.

Technetium-99m-mercaptoacetylglycylglycylglycine
(@â€˜Tc-MAG3)is introduced to replace o-iodohippurate
(OIH)for renal function studies. For interpretation of clinical
findings, extensive pharmacokineticstudies were per
formedon patients.Theseshowedthat @â€œTc-MAG3,corn
pared with OlH, has a higher plasma-protein binding, an
essentiallyhigher intravascularconcentration,a smaller
volume of distribution and, with practically identical biologic
half-lives, a correspondingly lower clearance. Simultane
ous steady-statemeasurementsresulted in a 1.5-fold
higher clearance of OlH than of @â€œTc-MAG3(n = 124).
Competitiveinhibitionof the tubulartransportsystemby
p-arninohippurate (PAH) (20 patients) revealed a distinctly
highersuppressionof the @â€œTc-MAG3clearancethan of
OIH which indicates a lower affinity of the @â€œTccomplex
to the tubularcell. The plasmaextractionefficienciesof
both agents, measuredduring surgery (n = 5), did not
indicate an extrarenal elimination of @Tc-MAG3.This new
radiopharmaceutical is a pragmatic alternative to OlH and
offers advantages not only for scintigraphic imaging but is

also suited for quantitative renal function studies.

J NucIMed 1990;31:1285â€”1293

though o-iodohippuric acid (OIH) essentially ful
fills the pharmacokinetical requirements for a renal
function agent, the necessity ofradioactive iodine label
ing leads to distinct disadvantages for routine use: io
dine-l 3 1 (â€˜@â€˜I)labeled OIH has a poor imaging quality
caused by the high energy of 364 keV and leads to a
high radiation exposure particularly due to the beta
component of the radioactive decay. The other fre
quently used label, 1231,seems to solve these problems
at first, but since it can only be produced in a cyclotron
and has a half-life of 13 hr, logistic problems arise in
the distribution of this very expensive iodine isotope
and the radiopharmaceutical, respectively. Another dis
advantage consists in a high photon energy of 530 keY
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Technetium-99m-pertechnetate was obtained from a com
mercial generator system. Labeling was performed, with the
kit procedure described elsewhere (6), in â€”95%radiochemical
yield and 99mTCMAG was purified by high-pressure liquid
chromatography (HPLC) prior to application (14). The final
solution contains 9QmTCMAGwith a specific activity of>7.4
GBq/mg (200 mCi/mg).

Iodine-l 3 l-OIH was prepared according to the method
published by Sinn et al. (18) with a specific activity of -â€˜-37
MBq/mg ( I mCi/mg). The radiochemical purity of both
agents was >99%.

Bindingto Red BloodCells and PlasmaProteins
Within 10 mm following the withdrawal, the whole blood

was centrifuged using a swing-out rotor at 700 g for 20 mm.
The count rates of each 1 ml whole blood and 1 ml plasma
were measured in a well-type counter. Physical decay correc
tion and, for simultaneous measurements, a correction for
cross-talkof 1311into the 99mTcchannel (16.5%) were per
formed. For the calculation of the binding to the red blood
cells (RBCs), the hematocrit (HC) value was determined with
a Sysmax system CC 780 (Digitana, Hamburg, West Ger
many). In this instrument, the whole blood is diluted to a
defined volume; the number and size of RBCs are recorded
by electric resistance detection passing a transducer aperture.
Plasma trapping between RBCs cannot influence the result.

For the determination of the plasma protein binding, the
plasma was ultrafiltered in an Amicon cell through a Diaflow
membrane PM 30 (exclusion limit 30,000 Dalton; 5 bar N2-
pressure). For the calculation of the protein bound fraction,
the protein content of the plasma was assumed to be 7.2 g/
100 ml.

p-Aminohippuric acid (PAH) was measured according to
the procedure developed by Bratton and Marshall (19) and
modified by Deetjen and Sonnenberg (20).

Compartment Analysis
According to Sapirstein et al. (21), the time-activity curves

ofthe blood and the plasma, respectively, can be described by
two components to be calculated by the following equation:

y = Ae@' + Be@'.

From the counted activity concentrations y at time t, the
compartment coefficients b1 (fast component) and b2 (slow
component)and the biologic half-lives Tâ€•andT0, respectively,
as well as the distribution volumes V1 and V2, and the slope
clearances can be calculated (21,22). In order to determine
these parameters, 14 patients received 7.4 MBq [â€˜31IJOIHand
7.4 MBq 99mTcMAG simultaneously. Blood (3 ml) was
drawn 2, 5, 10, 17, 25 and 30 mm postinjection.

Steady-State Clearance
Forty minutes after i.v. application of 11.1 MBq [â€˜311]OIH

and 18.5 MBq 99mTc..MAG3simultaneous clearance deter
minations under steady-state conditions were performed in
124 patients (48 patients with transplant (Tx) kidneys) by a
special feedback-controlled infusion pump device (23). The
calculation was based on the activity dose required for main
tenance of the steady state (not the activity eliminated with
the urine!) and the plasma concentration in this condition.

The patients' serum creatininevaluesrangedbetween0.3 and
5.3 mg/lOO ml (mean = 1.5) on the day they were examined.

PAHLoading
Twenty patients with native kidneys received an infusion

of 80 mg PAH/kg body weight (50 ml volume) within 5 mm,
immediately after basic clearance measurement in steady
state. Maximum plasma concentrations of 30â€”40mg PAH/
100 ml were reached. Serum creatinine amounted to values
between 0.7 and 2.2 mg/bOOml (mean = 1.1).Three different
time intervals were selected for the clearance calculation:
second to fifth minute during the PAH infusion, first to tenth
minute after the infusion and eleventh to twentieth minute
following PAH application.

Lipophilicity
In order to determine the octanol-water partition as a

measure for the lipophilicity ofthe two radiopharmaceuticals,
ig of 0. 1 N citrate buffer (for pH = 4.0) and lg of 0. 1 N
phosphate buffer (for pH = 6, 6.5, 7.0, 7.4, respectively) were
mixed togetherwith ig octan-l-ol. After adding lOMl99mTc
MAG3and [â€˜3IJOIH(â€”â€˜4MBq each), the sampleswere vor
texed for 3 mm, centrifugedat 2,500gfor 10 mm and then
separated. Two-hundred mg of the water and the octanol
phase, respectively, were measured in a well-type counter. The
calculation (see Table 3) was performed according to the
following equation:

Lipophilicity [%] = cpm(octanol) x 100 / [cpm(octanol) +

cpm(H20)J.

RenalArterio-VenousDifference(Extraction
Efficiency)

In thesepatients(n = 5)a unilateralnephrectomydue to a
malignant renal tumor was to be performed. Steady-state
clearances of @mTc-MAG3and [â€˜31IIOIHwere determined
during the week prior to surgery. [3'IJOIH (4 MBq) and
99mTCMAG (1 1 MBq) were administered intraoperatively
after uncovering the diseased kidney. Five to 10 mm after
wards, blood samples were taken from the renal artery and
renal vene simultaneously, and the activity concentrations
were then measured according to the method described above.
The serum creatinine value examined during the operation
ranged between 0.6 and 1.2 mg/lOO ml. The intraoperative
systolic blood pressure differed from preoperative clearance
measurements by 15% at most.

Statistical Models
For examinationof differences,the Wilcoxontest for pair

differences was used, as well as the U-test to compare two
independent random samples. The significance was defined
to be p@ 0.05 and all regressionanalyseswere made for p@
0.05 (95%-confidence intervals).

RESULTS

The binding of OIH to red blood cells amounted to
15.3% Â±4.1 s.d. (n = 32; HC(mean) = 37.3%) and of
99mTcMAG to 5. 1% Â±3.3 s.d. (n = 49; HC(mean) =
38.2%).

The plasma protein bindings of PAH, OIH, and
99mTcMAG revealed highly significant differences
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p-amino-hippurateo-iodo-hippurateTc-MAG3Maherand

Tauxe(24)18.3 Â±6.1
(n=6)66.8

Â±1.9
(n=5)â€”Tayloretal.(11)â€”66.2Â±6.987.5Â±2.6(n=8)(n=8)Taylor

et al. (25)â€”53.1 Â±8.7
(n=12)78.6

Â±7.9
(n=12)Our

results26.1 Â±6.7
(n= 20)70.7

Â±5.0
(n = 32)90.1

Â±2.8
(n = 50)

Plasma(n = 14)Whole blood (n =10)o-l-hippurateTc-MAG3o-I-hippurateTc-MAG3CI*[mI/mm]41

2 Â±169265 Â±98639 Â±348449 Â±228b1[min'J0.345
Â±0.1650.353 Â±0.1660.460 Â±0.3000.476 Â±0.356b2[min1]0.033
Â±0.0120.033 Â±0.0120.033 Â±0.0100.032 Â±0.013TA[mini2.50
Â±1.282.37 Â±1.032.21 Â±1.342.31 Â±1.62T8[mm]26.0
Â±18.625.0 Â±13.522.6 Â±6.624.7 Â±9.5v1*[I]5.34
Â±1.833.67 Â±1.087.66 Â±4.405.55 Â±2.99v2*[I]5.54
Â±2.763.38 Â±1.227.77 Â±1.726.01 Â±1.22vi-

+ v2-[I]10.88 Â±3.757.05 Â±1.5815.43 Â±4.6211.56 Â±3.12vi
+ V2[% BW]16.6 Â±5.610.8 Â±2.323.1 Â±7.017.3 Â±4.9*

Related to 1 .732 @ysurface

TABLE I
Plasma Protein Binding (% Â±s.d.)

(p@ 0.0 1). For PAH, it averaged 26. 1%, for OIH 70.7%
and for 99mTCMAG 90. 1% (Table 1). Since only the
non-protein bound fraction of a substance can be fil
tered glomerularly (6,24), not more than about 2% of
99mTc-MAG3are ultrafiltered, assuming a normal filtra
tion fraction (FF) of the human kidney of 20%. Thus,
the clearance of 99mTc-MAG3 corresponds approxi
mately to the â€œtubularextraction rateâ€•(TER) of this
substance. [Definition: The TER corresponds to the
virtual plasma volume per minute from which a sub
stance (related to its plasma concentration in the renal
artery) is completely removed by tubular extraction].
Therefore, the clearance of 99mTc..MAG3 shall be des
ignated as TER(MAG3) in the following.

In 10 of 14 patients, the compartment analysis (21)
was not only performed on the basis ofplasma, but also
ofwhole blood samples (Table 2). No significant differ
ences of the biologic half-lives TA and TB and the
compartment coefficients b1 and b2, respectively, be
tween 99mTCMAG and OIH (p > 0. 1) were revealed.

The differences between the two radiopharmaceuti
cals with respect to V1 and V2, based on the plasma
values, were highly significant (p@ 0.01). The total
volume of distribution (V1 + V2) of OIH and 99mTc@
MAO3 amounted to 16.6% and 10.8% of the body
weight (BW), respectively. The clearance (Cl) ratio
99mTcMAG/OIH amounted to 0.66 (Â±0.11 s.d.) in

the plasma and 0.74 (Â±0.13 s.d.) in the whole blood
(Table 2).

After compartment distribution in vivo, the ratio of
the plasma concentrations 99mTc-MAG3/OIH (related
to the injected dose) revealed no significant dependence
on the time of withdrawal (intra-individual standard
deviation between the tenth and the thirtieth mm post
injection of max. 5%) and ranged from 1.06 to 2.12
(mean = 1.57). Figure 1 presents the mean (relative)
time-activity concentrations and half-life exponentials
in plasma (semilogarithmic) of all 14 patients during
the first 30 mm postinjection, thus clearly pointing out
the difference between the two radiopharmaceuticals in
this regard. The respective ratio in whole blood was
1.36 (1.01 â€”1.76).

In simultaneous clearance measurements under
steady-state conditions (n = 124), the OIH clearance
ranged between 35 and 654 ml/min (mean = 299),
whereas the TER(MAG3) lay between 4 and 441 ml!
mm (mean = 203). Figure 2 shows the correlation of
these values with the corresponding confidence inter
vals (r = 0.94; p :@0.05); the ratio of TER(MAG3)/OIH
clearance averaged 0.67.

PAH loading was performed in 20 patients following
the basic clearance measurement, revealing a significant
decrease in the 99mTc-MAG3 clearance already in the
course ofthe infusion ofPAH. Within the first 10-mm

TABLE2
Compartment Analysis (mean Â±s.d.)
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FIGURE1
Relativetime-activityconcentrationsandhalf-lifeexponentials
(two-compartment-model) of @â€˜Tc-MAG3and [131l]OlH in
plasma(meanof 14 patients,semilogarithmicgraph).

interval post-PAH, the clearance of OIH was 69% and
that of 99mTCMAG 2 1%, as compared to the basic
values. During the second period (eleventh to twentieth
minute post-PAH), the clearance of OIH and 99mTc@
MAG3increased to 82% and 36%, respectively, due to
the continuous reduction of the competitive inhibi
tion by PAH (Fig. 3); all these changes were significant
(p@ 0.05).

The octanol-water partition only reached a high li
pophilicity for OIH at pH 4.0 (-â€œ-82%).The remaining
OIH values and all 99mTc@MAG3values at pH 4.0â€”7.4
were clearly below 10% (Table 3).

Table 4 demonstrates the extraction ratios 99mTc@
MAG3/OIH in the patients during the operation, deter
mined by measurement of the renal arterio-venous
difference (extraction efficiency) as well as in the pre
operative phase, calculated with the aid of clearance

values in steady state. The ratios of the extraction
efficiencies lay between 0.56 and 0.78, and the clearance

E
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FIGURE2
Correlationof the simultaneouslydeterminedTER(MAG3)with
the OIHclearanceundersteady-stateconditions.
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FIGURE3
ChangesintheOIHand @â€˜Tc-MAG3clearances,respectively,
duringvarious intervalsunder PAHloading(n = 20).

ratios between 0.66 and 0.74. The differences observed
in the individual patients were not significant (p > 0.1).

DISCUSSION

In agreement with the results obtained by other in
vestigators(24,25), the plasma protein binding of@mTc@
MAG3 amounting to 90%, was distinctly higher than
that of OIH, which reached 7 1% (Table 1). The dis
crepancy appearing in values found by Taylor et al. in
1986(11)and 1987(25)wasnotexplainedby the
authors. Taylor and Eshima (13) reported of a reduc
tion ofthe protein binding ofOIH (by 68%) and 99mTc@
MAG3 (by 49%) in rats under mannitol diuresis, as
compared to (other) control animals in normal diuresis.
Our own in vitro studies showed no change of the
protein bound fraction of 99mTc..MAG3 after a 1:10
(n = 4) or 1:100 (n = 3) dilution with 0.9% sodium
chloride (unpublished results).

The higher protein binding of @mTc-MAG3in com
parison to OIH may be the main reason for the higher
intravascular concentration of@mTc@MAG3, which cor
relates with the distinctly lower volume of distribution
of@mTc@MAG3than ofOIH (Table 2). The volume-of
distribution ratios 99mTc@MAG3/OIH coincided with
other investigators (25,26-28). The contradicting re
sults obtained by Taylor et al. (11) are now explained
by the authors (28) and are no longer opposed to our
results.

In agreement with Taylor et al. (11), the compart
ment coefficients (b1 and b2) and the half-lives in both

TABLE3
Lipophilicity[%]

(Octanol/WaterPartition)

steadystate y â€”a 4 bx
a -0.54

(â€¢Safly/x 0.67) b =0.68

(â€¢â€”Tx-patient)

n =124
p 0.05
r =0.94

asp 59

o-Iodo-hippurateQearance(ml/minhl.73m')
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FIGURE4
The TEC as a hypotheticalfunction of the degree of plasma
protein binding (y = 1 .0 â€”0.0031 eoo@).

represent a compromise between accuracy and practic
ability (32â€”34).To determine accurate and reproduc
ible clearance values, a steady state is required. We
carried out steady-state-clearance measurements simul
taneously with 99mTcMAG and [â€˜311J01H(n = 124;
Fig. 2), which resulted in an average clearance ratio
99mTCMAG/OIH of 0.67 with a high correlation co
efficient (r = 0.94), thus confirming the theoretical
expectations (see above). In contrast to Jafri et al. (35),
who calculated the same slope â€œbâ€•in addition to a
component â€œaâ€•of 40 mi/mm for the linear regression
equation â€œy= a + bxâ€•,we found a negligible value of
0.6 ml/min for â€œa.â€•The reasons for this difference are
most probably that they only examined very few cases
(n = 12) and used the slope technique.

The â€œtubularextraction rateâ€•of an agent, which is
renally secreted but not reabsorbed, can be calculated
on the basis of its clearance and its protein-bound
fraction; for 99mTCMAG it nearly corresponds to its
clearance due to its very high protein binding in hu
mans, designated as TER(MAG3) (see Results). Know
ing that the clearance of PAH is higher than the clear
ance of OIH by a factor of 1.2 (mean value from 7
references in (36)) and that the OIH clearance, as
shown, is higher than the 99mTc..MAG3clearance by the
factor 1.5, a â€œtubularextraction coefficientâ€•(TEC) can
be calculated for these agents, which indicates the por
tion of the substance extracted from the peritubular
capillary blood and plasma, respectively. This parame
ter is required to compare the extent oftubular secretion
of agents with different glomerular filtration fractions.
Since PAH is extracted completely in the cortical neph
rons from the plasma by the tubular transport system,
its TEC amounts to 1.0. The TECs for OIH and @mTc@
MAG3were calculated to be 0.83 and 0.55, respectively
(37).

As demonstrated in Figure 4, there could be a con
nection between plasma protein binding and TEC due

compartments, respectively, reveal no significant differ
ences with respect to the two radiopharmaceuticals
(Table 2). This means that the elimination half-lives are
nearly identical for both substances and also correspond
to urine measurements (11), in which -â€˜-70%of the
administered dose of both radiopharmaceuticals have
been excreted within 30 mm postinjection.

With identical elimination half-lives for @mTc@MAG3
and OIH, and a plasma concentration of @mTc=MAG3
that is constantly higher by a factor of 1.57 (Fig. 1), the
plasma clearance (in slope) for OIH is theoretically
expected to be higherthan that for @mTc@MAG3by this
factor and was calculated to be 1.52 (Table 2). In
agreement with other authors (11,29) the average
whole-blood-clearance ratio @mTc@MAG3/OIHreach
ing 0.74 was found to be notably higher (p@ 0.05) than
the respective plasma-clearance ratio (0.66). This is
explained by the higher binding of OIH to RBCs as
compared to 99mTc..MAG3(15% versus 5%), since the
fraction ofthe substance bound to RBCs is not available
to the tubular cell for extraction (30). This means that,
in contrast to the supposition of Taylor and Eshima
(13), the plasma clearance and not the whole blood
clearance is clinically relevant.

We agreewith Kim et at. (31) that the clearance of a
substance does not depend upon the volume of distri
bution, which, in turn, is mainly determined by the
degree of protein binding, but on the renal extraction
efficiency, which may also be influenced by the plasma
protein binding (Fig. 4). The supposition by Jafri et al.
(26) that the smaller volume of distribution of @mTc@

MAG3is the resultofa smaller fraction bound to RBCs
and of a weaker protein binding, does not apply and is
merely hypothetical, respectively, because this differ
ence also exists when the calculation is based on plasma
values and there were, until now, no data relating to
the strength of the protein binding. Furthermore, the
molecular sizes of both radiopharmaceuticals do not
essentially differ from each other, following that this is
an unlikely explanation for a slower diffusion of@mTc@
MAG3 from the plasma than of OIH.

Clearance measurements in slope are generally dis
puted, especially in pathologic conditions, and only

Pharmacokinetics of Technetium-99m-MAG3 in Humans e Bubeck et al 1289



larly filtered fraction of OIH is of negligible influence).
These observations coincide with animal experiments
(13) and lead to the conclusion that 99mTCMAG has a

clearly lower affinity to the tubular transport proteins
than OIH.

Further investigations have to demonstrate whether
a drug treatment might influence the TER(MAG3) in
this respect. However, simultaneous examinations of
transplant patients have shown that the uptake of@mTc@

MAG3in the renal parenchyma is similar to OIH even
in cases of severely impaired renal function and this
leads to diagnostically useful renograms (12,42).

Blaufox (43) discussed the â€œnon-ionicdiffusionâ€•(tu
bular reabsorption oflipophilic molecules) as a possible
reason for the difference between the clearances of PAH
and OIH. Theoretically, this might also represent one
cause for the lower clearance of 99mTc-MAG3 against

OIH. The determination of lipophilicity by means of
the octanol-water partition revealed far less pH-depend
ent changes for 99mTcMAG than for OIH in the range
between pH 7.4 (normal blood pH) and pH 4.0 (ex
tremely low urine pH) (Table 3). In agreement with
electrophoretic measurements (44), demonstrating that
99mTcMAG is negatively charged even at pH 4.0, a
non-ionic diffusion of 99mTc@MAG3can be excluded.
Additionally, a tubular retransport of99mTc@MAG3dur
ing water reabsorption, a â€œsolventdrag,â€•cannot be
responsible for the clearance differences because the
TER(MAG3)would then have to increase under accel
erated diuresis; this was observed neither under furose
mide nor under hydrochlorothiazide diuresis (37).

The intraoperative measurements revealed that the
ratios of the plasma-clearance values determined pre
operatively do not differ significantly from the ratios of
the extraction efficiencies (EEs) measured during sur
gery (Table 4). In case of an additional hepatobiliary
excretion of 99mTc..MAG3,as reported by several au
thors using kit preparations (26,28), these ratios would

a - 0 62 consequently have to differ from each other if our

b = 0.0002 clearance technique is used (see Materials and Meth

ods).
Taylor and Eshima (13), who found a lower clearance

of99mTc@MAG3than ofOIH in rats, calculated a higher
extraction efficiency of@mTc@MAG3in relation to OIH
â€œinspite ofâ€•the higher protein binding of@mTc@MAG3.
The discrepancy of the EE to the clearance values as
well as the higher protein binding are not really contra
dictory, because the authors based the EE calculation
on whole blood and not on plasma. Since the fraction
of OIH bound to RBCs is higher than that of 99mTc
MAG3, the EE is mathematically shifted in favor of
99mTcMAG However, this is not admissible, since the
RBC-bound fractions of both agents do not participate
in the process oftubular secretion because the diffusion
of the radiopharmaceuticals out of the RBCs into the
plasma is very slow (30). A respective correction (45)

y@ a + bx

.@ o@
# -a S 0 A& _____

(â€¢@ Tx- patient)

to the fact that in substances which are bound to plasma
proteins to a high degree, like OIH and 99mTc..MAG3

the peritubular transit time is too short for complete
dissociation of the respective agent from the plasma
protein, so as to be available for tubular secretion
following subsequent diffusion into the extracellular
fluid. This would also explain the observation made by

Harth et al. (38), stating that an increase in renal
perfusion leads to a decrease in PAH extraction, which
they supposed was caused by the altered form and
velocity of the blood flow. The reports of other authors

(I1,13,39,40)whichpointoutthattheclearancediffer
ences between OIH and 99mTCMAG are distinctly
smaller in rats than in humans, also stated that the
protein binding of both agents in rats is essentially
lower. This supports the theory that the level of TEC
depends on the protein binding (Fig. 4).

According to this hypothesis, the extent of protein
binding of PAH within Â±1 s.d. (vertically shaded area

in Fig. 4) would only have minimal influence on the

TEC of PAH, whereasOIH would already reach values
ranging between 0.79 and 0.88 in this area. The protein
binding of@mTc@MAG3 in the range between 87% and
93% (i.e., Â±1 s.d.) even leads to variations of TEC of
between 0.45 and 0.6. These deviations ofthe respective
radiopharmaceutical from the mean TEC value might
be the cause for the infrequently observed but distinct
deviation of the ratios TER(MAG3)/OIH clearance
(Fig. 5), which is nearly independent of the renal func

tion. It will have to be examined in the future to what

extent a drug therapy might influence the plasma pro
tein binding of 99mTCMAG and consequently the
TER(MAG3) in these patients.

The PAH loading, which was introduced by Lum
Winkel (41 ), has shown that the clearance of 99mTc
MAO3 can be influenced to a higher degree than the
clearance of OIH (Fig. 3; the slightly higher glomeru
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FIGURE5
The ratio [TER(MAG3)/OIHclearance] shows only a slight
dependenceof the renal function(= OlH clearance),but
distinctinterindividualdeviations.
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is not necessary and would falsify the results. The
reported extraction efficiencies for 99mTc-MAG3 (13,
45) do not correspond, as assumed (13), and cannot be

compared because one value was determined from
plasma (45) and the other from whole blood (13).

CONCLUSION

Technetium-99m-MAG3 demonstrates renal uptake
and elimination characteristics which are analogous to
OIH, even in cases of severely impaired renal function
(12,25,26,28,42).Therefore,it can replaceradioiodi
nated OIH in qualitative renal function diagnostics with
all the advantages originating from the Tc-99m label
(Fig. 6), including the additional evaluation ofthe renal
perfusion during the first pass.

Technetium-99m-MAG3 has a distinctly lower affin
ity to the transport proteins of the tubular cell than

OIH and possibly a higherrangeofdeviation regarding
the extent of the tubular extraction due to the high
plasma protein binding. It would have to be studied in
special patient groups, whether these pharmacokinetic

differences are useful concerning differential diagnostics
or whether they impair the accuracy of quantitative
measurements. A strict correlation between the
TER(MAG3) and the OIH clearance exists in the ma
jority of cases, so that quantitative clearance measure
ments in clinical routine appear to bejustified. A simple
slope-clearance method, developed by Tauxe et al. for
OIH (46,47), was modified and validated for 99mTc@
MAG3 with the aid of steady-state-clearancemeasure
ments (37,48). Similarly, Russell et al. (49) modified
the Tauxe algorithms using an 8-point-slope-clearance
calculation.

26. 06.81

0â€”1mm 1-2 mm

The I .4-fold higher intravascular concentration of
99mTcMAG than ofOIH may result in a slightly higher
radiation exposure ofthe kidneys by 99mTc@MAG3than
by [â€˜231]OIH(50), although the elimination half-lives of
both radiopharmaceuticals are nearly identical. In cases
of impaired renal function, however, the shorter phys
ical half-life of @mTcversus 1231can lead to a lower
specific radiation dose using 99mTc@MAG3.

The fact that neither hepatobiliary excretion (16) nor
metabolization(51) ofHPLC-purified 99mTc@MAG3has
been observed in patients, confirms the presumption
that the accumulation in the liver and the scintigraphic
visualization of the gallbladder are due to by-products
formed during the complex synthesis (14). For this
reason and with regard to the accuracy of quantitative
clearance measurements, the requirement for commer
cially available kit preparations, that 99mTc..MAG3 will
be delivered in reproducible radiochemical yields of

95%, must be fulfilled.

ADDENDUM

MUller-Suur and MÃ¼ller-Suur(52) have most recently re
ported about excretion characteristics of 99mTc@MAG3in rats.
In the context of the hypothetical dependence of the 99mTc@
MAG3clearanceon the highprotein binding,they stated that
â€œothersubstances predominantly protein bound have not
shown an increased clearance when their protein binding is
reduced,â€•which, according to them, was reported by Ochwadt
and Pitts (53). In contrast to this statement, these authors
(53),investigatingtubularlysecretedagentsindogs,observed
that â€œincreasingthe percentage of free phenol red by lowering
plasma proteins leads to a specific increase in phenol red
secretion.â€• Furthermore they assumed that â€œotherfactors,
perhaps connected with the different accumulation of such

FIGURE6
Left kidney:Relativereducedtubulose
cretory function and outflow obstruc
tion with accumulation of @â€œTc-MAG3
in thepelvicalycealsystem(favourable
demarcationwith half-intensityimag
ing) in a young patient with left-sided
megaureter (excellent visualization
post-void in supine position). Right kid
ney:Normaltubularfunctionwith slight
activity retention in the renal pelvis
without pathological significance. The
clearanceindex as shown, represents
theaveragerenaluptake(cps)between
the 60thand 100â€•sec postinjectionof
bothkidneys(usedfor splitclearance
determination) related to the injected
dose,attenuationcorrected(54),and
adjustedfor 1.73m2bodysurface.This
isof specialsignificancefor theintrain
dividualfollow-up (e.g., pre- and post
operative)of infantsandyoungchildren
since quantitative clearance measure
mentsarenot possiblefor methodical
reasons.
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substances in the tubular cell must be involved.â€•The latter
could again be explained by different affinities to the tubular
transport system, as has been shown for OIH and @mTc@
MAO3in the presentpaper.
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