
revious studies have shown that technetium-99m
(99mTc) mercaptoacetyltriglycine (MAG3) purified by
high performance liquid chromatography (HPLC) is a
highly promising @mTcrenal imaging agent with bio
logic characteristics very similar to [â€˜31I]orthoiodohip
purate (OIH) (1â€”7).In normal volunteers the 30-mm
urine excretion of HPLC purified MAG3 and the time
to peak height of the renogram curves were essentially
identical to OIH (3). Furthermore, in a limited series
of patients, the 30-mm urine excretion was also the
same and the time to peak height was actually shorter
for MAG3 (4). While the clearance ofMAG3 was slower
than OIH in volunteers, no statistically significant dii'-
ference was noted in a small series of 12 patients (3,4).
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As mentioned, however, all the studies up to the present
have been performed using [@mTcJMAG3purified by
HPLC. Labeling and HPLC purification required â€˜@-2
hr for each study and this degree of effort is clearly
impractical for routine clinical use. An easily prepared
kit formulation has now been prepared and tested in
animals (Mallinckrodt Inc., St. Louis MO unpublished
data). The purpose ofthis report is to present our results
using this kit in normal volunteers and in three patients
with renal failure.

MATERIALS AND METhODS

The S-benzoyl protected mercaptoacetyltriglycine (Bz
MAG3)was labeledaccordingto the manufacturersinstruc
tions. Forty to sixty mCi of pertechnetate in 0.4 to 0.8 ml
were eluted from a commercially available generator (Mal
linckrodt, Inc.) and diluted with nonbacteriostatic normal
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Previous studies have shown that [@â€œTc]mercaptoacetyItriglycine(MAG3)purifiedby high
performance liquid chromatography (HPLC) is a very promising new renal imaging agent
which has characteristics very similar to [131I]orthoiodohippurate. An easily prepared kit
formulation has been developed and evaluated in ten normal volunteers and three patients on
hemodialysis. The average radiochemical purity was 96.6%. There were no adverse
reactions. In the volunteers, the relative uptake Â±1s.d. was 49.1% Â±2.6% for the right
kidney and 50.9% Â±2.6% or the left kidney. Urine activity was 71 .4% Â±6.4% of the injected
dose at 30 mm and 94.4% Â±2.2% at 180 mm. The 60-mm plasma clearance was 340.0 Â±
79.0 mI/mmand the volume of distribution was 5.15 Â±1.1 I.Approximately0.5% of the
injected dose was present in the gallbladder at 30â€”60mm postinjection. Gut activity was not
present 30â€”60mm postinjection but reached 1% of the injected dose by 3 hr. In the
hemodialysis patients, â€”1%of the injected dose was present in the gallbladder and 0.5% in
the gut at 30â€”60mm; gut activity increased to â€œ-5%at 3 hr. In summary, results using the kit
formulation compare favorably to previously published data using the HPLC purified material.
Based on these preliminary results, the kit formulation is expected to have widespread clinical
utility.
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saline (Abbott Laboratories) to a total volume of 5 to 6 ml.
The diluted radioactivity was added to the Bz-MAG3 kit to
dissolve all of the components and the vial was placed into a
rolling water bath (95Â°C)within 5 mm after the addition of
the pertechnetate.The vial was heated for 5 mm, removed
from the water bath, shakenbrieflythen placedback into the
water bath for an additional 5 mm. After the 10-mm boiling
period was complete the vial was removed from the water
bath and allowedto cool.

An isocraticHPLC system(BeckmanInstruments)with a
radioactivity detector(Canberra Instruments) connected to an
integrator recorder (Hewlett Packard HP-3390A) was used to
monitor the outflow tubing and check for soluble impurities.
The mobile phase consisted of 1.7 g (0.005 mol) of tetrabutyl
ammonium dihydrogen phosphate dissolved in 800 ml of high
performance liquid chromatography (HPLC) grade water and
200 ml ofethanol with the pH adjusted to 6.3. The stationary
phase was a 5-@C-i 8 ODS (octadecasilyl) reverse phase 4.6
by 150 mm column. With a flow rate of 1 ml/min, the [@â€œTcJ
MAG3 complex had a retention time of 14 mm while free
pertechnetatehad a retention time of 8.3 mm.

Insoluble forms of @â€œTcwere determined by thin layer
chromatographyutilizing a solvent of6O ml ofnormal saline,
40 ml of methanol, and 1 ml of glacial acetic acid. The
stationary phase was a DC-Fertigplatten RP-l8 F254s plate 5
x 20 cm (Merck, Rahway, NJ). The plate was spotted with
the kit formulationand placedwetinto the solventtank. After
the solvent had migrated 10 cm, the plate was removed from
the solution and scraped. The origin (0 to 1 cm) was counted
and the remaining portion (1 to 10 cm) of the plate was
counted to determine the percent insolubleactivity.The per
cent radiochemical purity was calculated by multiplying the
percent of labeled MAG3(the percent in the 14-mm peak
from the HPLC integrator recorder) by the percent soluble
material (from the TLC plates).

Volunteerand Patient Selection
Ten male volunteers over 2 1 yr of age were selected for the

study.Allvolunteerswerescreenedby a medicalhistory,were
in good health, had a weight within 15% of normal for their
age, sex, and height and had not received any prescription
medications within 14 days or any over the counter medica
tion within 2 days prior to admission into the study. A 12-
lead electrocardiogram was obtained 1 to 7 days prior to the
study and evaluated by a cardiologist. Clinical laboratory
studies on both blood and urine samples were performed
between one and seven days prior to the study (admission
baseline). These studies were reviewed by a physician and
repeated immediately prior to administration of the MAG3
and againone day after the study. Bloodpressure,pulse rate,
respiratoryrate and body temperaturewere recorded imme
diately prior to administration of the MAG3 and at @-â€˜90mm
postinjection. An electrocardiogramwas also obtained -@-90
mm postinjection and evaluated by a cardiologist.

With the exception of water, the volunteers were asked to
fast following supper the night before the study and the
volunteers were given @-8oz of water at 1 and again at 2 hr
after injectionofthe MAG3.

Three male patients, two patients on hemodialysis three
daysper weekand one on hemodialysis2 daysper week,were
selected for further study. The volunteer and patient protocols
were approved by the Institutional Review Board and the

FDA with informed consent obtained from all volunteers and
patients.

Experimental Protocol
All subjects were injected within 3 hr ofpreparation of the

kit. The subjects were imaged supine with the camera placed
posteriorlybelowthe kidneys.After injection of 5â€”8mCi of
the kit formulation, analog images were obtained at 2-mm
intervals for 20 mm using a general, all purpose @â€œTccolli
mator with a 20% window centered over the 140 keY photo
peak of @mTc.The camera was also interfaced to a digital
computer (Technicare 560 Computer) and images were re
corded at 20-sec intervalsfor 20 mm. Each subject was asked
to void at 30 and 180 mm postinjectionand the urine was
assayed to determine the amount excreted. Pre-void and post
void anterior and posterior images were obtained with a
geometric mean used to correct for postvoid bladder residual.

Whole kidney and cortical regions of interest were placed
over each kidney and computer generated renogram curves
were obtained. Corticalregionsof interestwere assigned from
the whole kidney region by eliminating the areas of the
collecting system. Time-to-peak height was determined for
each background corrected renogram curve.

Whole-body images of the volunteers were obtained after
the 30-mm postvoid bladder image. The pelvis, liver, chest,
head, and neck regions were imaged both anteriorly and
posteriorly.This imagingprotocol was repeated at 180 mm
postinjection for radiation dosimetry calculations and for
evaluating the localization of radioactivity in other organs.
Bladderactivity determined at the 30-mm voiding was corre
latedwith the geometricmean ofanterior and posteriorcounts
(corrected for postvoid residual urine) and the geometric mean
bladder counts were used to calibrate the activity in the other
organs. Twenty-four-hour pelvis and liver images were ob
tamed in six ofthe volunteersand one patient. The dosimetry
calculationshave been brieflydescribed(8) and will be the
subject ofa more detailed report in the future.

Bloodsamplesof3to5mlwereobtainedat3,6,9, 12, 15,
20, 25, 30, 40, 50, 60, 90, 120, 150, and 180 mm postinjection

through an indwelling venous line. These samples were cen
trifuged at 2,100 G for 10 mm. Plasma samples were obtained
and counted along with a dose standard. Plasma clearance
was determined by a biexponential curve fit (9,10). Plasma
protein binding was determined from both the 20 and 60 mm
plasmasamples.The plasmasamplewascentrifugedat 1,600
G for 10 mm at room temperature in a micropartition mem
brane system (Centrifree Micropartition System, Amicon Cor
poration, Danvers, MA) (11).

RESULTS

The radiochemical purity was 96.7% Â±1.1% for the
volunteers and 96.5% Â±0.3% for the three patients.
Combined, the radiochemical purity was 96.6% with
the 3.4% impurities representing insoluble forms of
99mTc(1.2%) and non-MAO3 labeled material eluting
from the HPLC column (2.2%). There was negligible
(<0. 1%) free pertechnetate found in all preparations.

The resulting studies are based upon eight normal
volunteers and three patients with impaired renal func
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tion. Since infiltration of the dose occurred in two
volunteers, results from these subjects were not included
in the data analysis. Infiltration was documented by
imaging over the injection site. Statistical analysis was
based on the test for independent samples.

Normal Volunteers
A representative normal study is shown in Figure 1;

computer enhanced images of the same volunteer at
30â€”45mm postinjection illustrate minimal blood pool,
hepatic, and gallbladder activity (Fig. 2). The relative
function of the right kidney based on the background
corrected 1-3 mm uptake ranged from 45% to 54%
with a mean value Â±1s.d. of 49. 1 Â±2.6%; the range
for the left kidney was 46% to 55% with a mean value
ofSO.9 Â±2.6%. The time to peak height ofthe renogram
curves for the whole kidney and cortex, 30-mm bladder
corrected urine excretion and 60-mm plasma clearance
are listed in Table 1. When corrected for body surface
area, the plasma clearance was 288 Â±53 ml/min and
the volune of distribution (Vd) was 4.4 Â±0.8 1. The
protein binding was 89.6% Â±1.1% at 20 mm versus
89.2% Â± 1.4% at 60 mm. There were no adverse
reactions and no significant changes in blood chemistry,
urinalysis, electrocardiogram, or vital signs from base
line values.

FIGURE 1
Technetium-99m MAG3analog im
ages of the kidneys of a normal vcl
unteer obtained at 0â€”2mm (upper
left), 4â€”6mm (upper right), 12â€”14mm
(lower left), and 26-28 mm (lower
right).

Patient Studies
The 0â€”2-mmimages in the three patients on hemo

dialysis are ifiustrated in Figure 3. Two of the hemodi
alysis patients were unable to void at 30 mm; the third
excreted 10.5% of the injected dose. The mean cumu
lative 180-mm urine excretion for the three patients
was 26.1% Â±7.0% (range of 19.6% to 33.6%). Abdom
inal, chest and pelvic 30â€”45mm and 180-210 mm
digital images for one of the patients are illustrated in
Figure 4. The mean 60-mm clearance and volume of
distribution corrected for body surface areas were 53.6
Â±4.1 mI/mm and 4.8 Â±0.6 1, respectively. Protein
binding was 75.9% Â±4.8% at 20 mm and 80.3% Â±
2.9% at60 mm.

Biodistribution and Dosimetry
Approximately 0.5% ofthe injected dose was present

in the gallbladder of normal volunteers by 30â€”60mm
postinjection and this value was essentially unchanged
at 180 mm; no gallbladder activity was seen at 24 hr
(Table 2). Gut activity was not present at 30â€”60mm
but increased to â€˜-â€˜1% at 3 hr postinjection and re
maimed at -@@-l%at 24 hr. Liver activity was 2.6% of the
injected dose at 30â€”60mm but fell to â€œ.@0.5%at 3 hr.
By 3 hr postinjection, 94.4% of the dose was in the
bladder, 2% in the liver, gallbladder, and gut, and 2%
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Percent injected dose in the
unne60

mm
plasma clearance

mI/mmVd(I)topeak30mm 180minWholeCortexHPLC

KIT73.1
Â±6.2 99.9Â±4.3

71.4Â±6.4 94.4Â±2.2420
Â±120

340 Â±795.21 5.15207
Â±80

291 Â±121145
Â±22

197 Â±34â€˜p@.05

@. @.

tr@

FIGURE 2
Head (upper left),chest (upper right),
abdominal (lower left), and pelvic
(lower right) images of a normal vol
unteer obtained 30 mmpostinjection.
It is important to note that the inten
sity has been markedly enhanced on
the computer. The change in inten
sity can be appreciated by comparing
the posterior abdominal image with
the standard 26â€”28-mmrenal image
(Fig. 1).

mmattheconclusionofthestudy.Thetotal-bodydose
for 5 to 10 mCi will be â€˜@-0.02to 0.04 rad, well within
acceptable ranges.

DISCUSSION

We previously compared clearances and volumes of
distribution of OIH and HPLC purified MAG3 follow
ing simultaneous and sequential administration and
reported that MAG3 administered one hour prior to
OIH was cleared faster than MAG3 administered si
multaneously with OIH; the OIH clearances were essen
tially the same in both studies (3). We investigated a

C

TABLE 1
Comparison of HPLC and Kit Formulation of MAG3in Normal Volunteers
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remained in the plasma pool. The percent remaining
in the plasma pool was calculated by multiplying the
percent injected dose per gram of plasma at 3 hr by the
volume of distribution at 3 hr.

In the renal failure patients, there was little change
in gallbladder activity (â€˜@â€˜l%ofthe injected dose) for 45
mmto 3 hr butgutactivityincreasedduringthisperiod
from 0.5% to 5% of the injected dose. Abdominal,
chest, and pelvic images for a patient on hemodialysis
are illustrated in Figure 4.

The calculated dosimetry of MAG3 is presented in
Table 3. For a probable clinical dose of 5 to 10 mCi,
the critical organ will be the bladder, 0.88 to 1.75 rad.
This calculation assumes that the patient voids at 30



FIGURE 3
The 0â€”2-mmcomputer acquired im
ages for three patients on mainte
nance hemodialysis.

number of parameters but had no satisfactory expla
nations for our findings. We have continued to reeval
uate our data and discovered an error in decay correct
ing the 99mTcfor the MAG3 sequential data. When this
error was corrected, the 30-mm blood clearances for
the sequential studies and simultaneous studies were
essentially the same, 0.73 Â±0. 17 1/mm versus 0.77 Â±

0.14 1/mm, respectively, versus 0.88 Â±0.19 1/mm for
O1H. Likewise, the volumes of distribution were also
similar, 9.9 Â±2.9 1 for the sequential MAG3 studies
versus 8. 1Â±1.0 1for the simultaneous studies compared
to 14.5 Â±6.0 1for OIH. In our previous study using a
simultaneous injection of OIH and HPLC purified
MAO3, we found that the 60-mm clearance ofOIH was
600 ml/min versus 420 ml/min for MAG3 (3). Jafri et
al. also obtained a slower plasma clearance for MAG3
in patients (12).

There is a suggestion that the 60-mm plasma clear
ance for the HPLC purified MAG3 may be greater than
that ofthe kit formulation, 420 ml/min versus 340 ml!
mm, but the difference was not significant at the 0.05
level. The volumes of distribution of the two formula
tions were essentially identical. The time to peak height
for the whole kidney renogram curve was 291 sec for
the kit MAG3 versus 207 sec for the HPLC purified
material (p :S 0.05); when cortical regions of interest
were assigned, the time to peak height was still longer
for the kit compared to the HPLC purified material,
197 sec versus 145 sec (p@ 0.001).

The reasons for the differences in clearances and
times to peak height between the HPLC and kit prepa
rations are not clear. Coveney, et al reported no differ
ences between the kit MAG3 and HPLC purified MAG3
based on constant infusion renal clearances in rats (13).
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FIGURE 4
The images were Obtained 30-45 and 180-210 mm postmnjection and were enhanced on the computer to visualize
biodistribution. Upper panel, left to right, chest, anterior abdomen, posterior abdomen, and pelvis Obtained at 30â€”45
mm postinjection. Lower panel, left to right, chest, anterior abdomen, posterior abdomen, and pelvis obtained at 180â€”
210 mm postinjection.
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TABLE2Biodistnbution
of [@â€œTcJMAG3in NormalVolunteersand

HemodialysisPatientsVolunteers

PatientsTime
(N=8)(N=3)Gailbiedder30â€”60

mm 0.49%Â±0.17% 1.0%Â±1.5%180â€”210
mm 0.58% Â±0.14% 0.77% Â±0.52%Gastrointestinal

tract30â€”60
mm 0.01% Â±0.02% 0.4% Â±0.7%180â€”210
mm 0.98% Â±0.41% 5.3% Â±2.4%24

hr(n= 6) 1.22%Â±0.61% 10.2(n=1)Uver30-60mm

2.61%Â±1.34%5.7%Â±1.0%I
80â€”210 mm 0.46% Â±0.3% 3.8% Â±0.5%

residual activity in other tissues. Based on these data
and previously reported results, MAG3 represents an
important new first generation @mTcrenal radiophar
maceutical with characteristics similar to OIH and we
expect that it will have widespread clinical applications
in the future. Efforts are underway to attempt to de
velop an even better agent with less hepatobiliary excre
tion and more rapid plasma clearance (2,15).

ACKNOWLEDGMENTS

The authorswould like to acknowledge support from NIH
Grant #5 ROI AM33692-02 and Malhinckrodt,Inc. The au
thors also appreciate Susan Hill's and Myrna Esbrandt's as
sistance in preparing the manuscript.

REFERENCES

1. Fritzberg AR, Kasina S, Eshima D, et al. Synthesis
and biological evaluation of technetium-99m MAG3
as a hippuran replacement. J NuclMed 1986; 27:1 11â€”
116.

2. Eshima D, Taylor A, Fritzberg AR, Ct al. Animal
evaluation of Tc-99m triamide mercaptide complexes
as potential renal imaging agents. J Nuci Med: 1987;
28:1180â€”1186.

3. Taylor A Jr, Eshima D, Fritzberg AR, et al. Compar
ison of a new Tc-99m renal imaging agent Tc-99m
mercaptoacetylglycylglycylglycine (MAG3) and I- 131
o-iodohippurate in volunteers. J Nuci Med 1986;
27:795â€”803.

4. Taylor A Jr, Eshima D, Christian PE, et al. Evaluation
of Tc-99m mercaptoacetyltriglycine in patients with
impaired renal function. Radiology 1987; 162:365â€”
370.

5. Taylor A Jr, Eshima D, Alazraki N. Tc-99m MAG3,
a new renal imaging agent: preliminary results in
patients. Eur J NuclMed 1987; 12:510â€”514.

6. Bubeck B, Brandau W, Dreikorn K, et al. Clinical
. comparison of 1-131 o-iodohippurate with Tc-99m

C02-DADS-A and Tc-99m MAG3 by simultaneous
double tracer measurement. Nucl Compact 1986;
17:135â€”138.

7. MUller-Suur R, MUller-Suur C. Renal and extrarenal
handling of a new imaging compound (99m-Tc
MAG3)in the rat. EurJNuclMed 1986; 12:438â€”442.

8. Wooten WW, Eshima D, Taylor A. Radiation ab
sorbed dose from I- 13 1 OIH and Tc-99m MAG3. J
NuclMed 1986; 27:898.

9. Sapirstein LA, Vidt D, Mandel M, et al. Volumes of
distribution and clearances of intravenously injected
creatinine in the dog. Am J Physiol 1955; 181:330.

10. Blaufox MD, Potchen El, Merrill JP. Measurement of
effective renal plasma flow in man by external count
ing methods. JNuclMed 1967; 8:77â€”85.

1 1. Sophianopaulos JA, Durham SS, Sophianopaulos AJ,
et al. Ultrafiltration is theoretically equivalent to equi
librium dialysis but much simpler to carry out. Arch
BiochemBiophy1978;187:132â€”137.

12. Jafri RA, Nimmon CC, Britton KE, et al. Tc-99m
mercaptoacetylglycylglycylglycine, MAG3: a compar
ison with 1-131 and 1-123 orthoiodohippurate, OIH,
for routine renal work [Abstract]. J Nuc! Med 1987;
28:647.

One explanation for our findings is the fact that OIH
was not given as a control to the volunteers in the
current study and these volunteers may also have had
a slower OIH clearance and time to peak height than
the volunteers studied a year earlier. There were no
significant differences in the two volunteer populations
in regard to sex, mean age, and weight. The 3.4%
impurities could partially explain the observed differ
ences. Further studies comparing OIH and the kit for
mulation will be needed to clarify these findings.

In the current study, all three patients given the kit
formulation of MAG3 had acceptable kidney definition
in spite of very low plasma clearances (Fig. 3). Hepa
tobiliary excretion was increased but the gut activity
was not excessive, approximating only 10% of the ad
ministered dose at 24 hr in one hemodialysis patient.
Ten percent is similar to the amount ofOIH and 99mTc
MAG3 in the gut 2 hr following intravenous adminis
tration to nephrectomized mice (14).

In summary, the kit formulation of MAG3 has been
shown to label efficiently and was rapidly cleared from
the blood and excreted by the kidneys with minimal

TABLE 3
Absorbed Dose to Target Organ from 1.0 mCi of [@Tc]

MAG3
Target organ rad

Bladder wall 0.175
Lower large intestine 0.019
Upper large intestine 0.019
Kidneys 0.018
Gallbladder 0.015
Small intestine 0.013
Ovaries 0.012
Testes 0.006
Redmarrow 0.005
Liver 0.005
Total body 0.004

. Assumes that the patient voids at 30 mm after administration

and thereafter at 4-hr intervals.

621Volume 29 â€¢Number 5 â€¢May1988



13. Coveney JR. Robbins MS. Biological characterization
ofTc-99m mercaptoacetylglycylglycylglycine(MAG3)
kit for renal function [Abstractj. J Nucl Med 1987;
28:732.

14. Eshima D, Taylor A. The effects ofphysiologic factors
on the excretion of HPLC purified Tc-99m MAG3:

comparison with OIH [Abstract]. J Nucl Med 1987;
28:732.

15. Verbruggen A, Cleynhens B, Adriaens P. et al. Evalu
ation of the renal excretion characteristic of Tc-99m
mercaptoacetylglycyl-D-serylglycine [Abstracti. J Nud
Med 1987;28:731.

622 Taylor,Eshima,Christianetal The Journal of Nuclear Medicine




