
wenty-one diamide dimercaptide (N2S2) ligands
have been synthesized and evaluated in an attempt to
develop a technetium-99m (99mTc)replacement for io
dine- 13 1 hippurate [â€˜311]OIH(1â€”6).Previous studies
with these groups of ligands suggest that the optimal
rate and specificity for renal excretion occurs when the
core ligand system has a carboxylate group in a pre
ferred stereochemical relationship (3). Addition of this
functional group, however, has resulted in the forma
tion of stereoisomers with different rates and specifici
ties for renal clearance. Furthermore, high performance
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liquid chromatography (HPLC) separation of the ster
eoisomers is required to obtain the desired complex.

A means of obviating the stereochemical problem
was to change the core donor atoms from a N2S2
(diamide dimercaptide) to a N3S (tnamide mercaptide)
set ofdonor atoms. Placement ofthe carboxylate group
on the third amide nitrogen results in a single radio
chemical product as long as no additional groups are
present that introduce a second asymmetric center. The
simplest ligand which meets these requirements is mer
captoacetylglycylglycylglycine (MAG3) (6). Because
[99mTc]MAG was found to have comparable perfor
mance to [â€˜311]O!Hin animal and human studies (6-
8), a series of N3S compounds to chelate with @mTc
have subsequently been synthesized by varying the ter
minal amino acid (9). The purpose ofthe study was to
evaluate the effect of different terminal amino acids on
the renal clearance of these complexes and to assess
their potential as 99mTctubular function agents which
might replace [â€˜31!]hippurate.This paper presents the
results of animal studies evaluating this new group of
N3S complexes.
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Technetium-99mmercaptoacetylglycylglycylglycine(MAG3),a [@â€œTc]thamidemercaptide
(N3S)compoundhasbeensynthesizedin an attemptto obviatethe stereochemistryproblems
associatedwith the diamidedimercaptide(N@S@)ligands.Becauseinitialstudieshavebeen
promising,the terminalglycineon the MAG3compoundhasbeenvariedto createa new
seriesof N3Scompounds.Twelvenew N3Scomplexeswere initiallyscreenedin miceandthe
morepromisingcomplexes, @â€œTcmercaptoacetylgylcylglycyl-glydne([@â€˜Tc]MAG3),@â€œTc
mercaptoacetylgylcylglycyl-L-alanine([@1c]MAG@-AIa),andbothcomplexesof @â€˜Tc
mercaptoeacetylglycylglycyl-L-asparagine([@Tc]MAG2-Asn)and @Tc
mercaptoacetylglycylglycyl-L-glutamine([@Tc]MAG@-GIn),werefurtherevaluatedin rats
utilizingconstantinfusionbloodclearances,extractionefficienciesandproteinbindingassays.
The renal excretion of all these complexes compared favorably with simultaneously
administered [1311]OIHand [â€˜25I]iothalamate.The triamide mercaptide complexes represent a
new ligandclassfor @Â°â€œTc,whichmay providea varietyof complexesfor the evaluationof
renaltubularfunction.
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AHPLC Retention Volume%
Labeling

yields-CH2COOH

[@â€œTcJMAG@4.20'85-90%-CH2CONHCH2COOH
[@â€˜Â°Tc]MAGI5.34'95%-CH(CH3)COOH
[@rcJMAGrAIa3.76'75-85%-CH(CH2C@H5)COOH
[@â€œ9cJMAG-Phe14.6916.1993%-CH(COOH)CH2COOH
[@TcjMAGrAsp4.446.2T78%-CH(COOH)CH2CONH2
[1t@â€•9c]MAG@-Asn4.509.96'70%-CH(COOH)CH2CH@COOH
[@9â€•Tc]MAG@-Glu2.743.62@55%-CH(COOH)CH2CH2CONH2

[@Â°â€˜TcJMAG@-Gln5.787.36*95%.

5-micron ODS column, 100% phosphate 0.1OM, pH7.t

5â€”micronODS column, 1% EtOH/99% phosphate 0.O1M, pH7.*

5-m@ron ODS column, 2% EtOH/98% phosphate 0.01 M, pH7.Â§

5-micron ODS column, 2% EtOH/98% phosphate 0.01 M, pH 6.1..I

5-micron ODS column, 5% EtOH/95% phosphate 0.O1M, pH7...
5-micron ODS column, 10% EtOH/90% phosphate 0.O1M, pH 7.

MATERIALS AND METhODS

The synthesis of mercaptoacetyltriglycine has been previ
ously reported (6). The synthesis of the other ligands is the
subject of a separate report. Briefly, the general procedure for
the preparation of the different ligands involved two steps.
The first step involved the preparation ofthe key intermediate
benzoylmercaptoacetylglycylglycine. The second step utilized
this key intermediate for coupling with the desired terminal
amino acid in either its tertiary butyl ester form or as the free
amino acid. The tertiary butyl ester was hydrolyzed in triflou
roacetic acid to yield the final product. Elemental analysis was
obtained commercially and was carried out either on the
tertiary butyl esters or their corresponding acids. Proton mag
netic resonance spectra were obtained on a 90 MHz instru
ment.t

General Method for Radiolabeling with â€œTc
One-half to 1.0 ml of [@Tc]sodium pertechnetate in gen

erator saline was added to 1 mg of the benzoate protected
ligand which had been previously dissolved in 100 @lof 1 N
NaOH. Twenty microliters of freshly dissolved sodium dithi
onite (50 mg/ml) was then added and the mixture was heated
for 5 mm at 85Â°Cto 95Â°Cfor [@Tc]mercaptoacetylglycylgly
cyl-L-asparagine (MAG2-Asn), 15 mm for [@mTc]mercapto
acetylglycylglycyl-L-alanine (MAG2-Ala) and 10 mm for the
remaining ligands. The solution was then neutralized to a pH
between 6 and 8 by the addition ofHPLC buffer. The resulting
mixture was purified on a 5-micron 4.6 x 250 mm octadecyl
silyl HPLC column utilizing an ethanol/phosphate buffer at a

flow rate of 1.0 ml/min (Table 1) with a sodium iodide
detector connected to the outflow.

The major peak whicheluted from the HPLCcolumn was
collected and diluted to the appropriate concentration with
normal saline. All of the [@mTcJmercaptoacetylglycylglycyl@
amino acids ([99mTcJMAG@) were first radiolabeled with
99mTcand then purified by HPLC before administration. In
all cases where two peaks were found, the first component
which eluted from the C-l8 column was designated as A,
while the second peak was designated as the B component.

Iodine-125 Iothalamate and I'31llHippurate
Iodine-l3l hippurate (OIH) was obtained commercially

and wassimultaneouslyadministeredin all studies;the radio
ochemical purity in the commercial OIH ranged from 96.5%
to 98.5% by paper chromatography.lothalamate was radio
labeled with 1251by the method of Kato et al. (10) and was
used as a glomerular filtration rate marker in the renal clear
ance studies(11,12),HPLCanalysisshowed<1% freeiodine.

ANIMAL STUDIES

Mouse Biodistribution Studies
The time course of organ distribution was evaluated in a

female Swiss-Webster outbred strain ofalbino mice in groups
of five at each time period. Each animal was injected intra
venously through a tail vein with 0. 1 ml of the preparation
which contained 1 @iCiof the [99mTc]MAGrAA and 0.3 @Ci
of [â€˜31I]OIH.

TABLE 1
ProposedStructureof the TnamideMercaptide(N3S)Complexeswith @â€œTcandTheirHPLCRetentionVolumes(mIs)

R
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Afterinjectionthe micewereplacedin metaboliccagesfor
the collectionof excretedurine. Ten or 120minutes postin
jection the urethra was ligatedand the mice were killed.The
organs were then removed and counted in a dual channel well
counter with correctionsmade for â€˜@â€˜Iscatter into the @â€œTc
channel.

Rat Studies
The renal blood clearance,extraction efficiency,and pro

tein bindingdeterminationswereall carriedout in rats. Male
Sprague-Dawleyrats weighingbetween 250 and 350 g were
used in all experiments. For each study, the animal was
anesthetized with an intraperitoneal injection of ketamine
hydrochloride 100 mg/kg. Following tracheostomy, one jug
ular veinwascannulated for infusionof the radiopharmaceu
ticals([@â€•Tc]MAG2-AA,[â€˜31!JOIHand [â€˜25ljiothalamate),one
carotid artery was cannulated for blood sampling and the
bladder was cannulated, with a heat flared PE 50 tubing, for
urine collections. A second cannula was placed into the jugular
vein for the infusion of normal saline to replace fluid lost due
to blood sampling and urine excretion.

The blood clearances of [â€˜251]iothalamate,[@31IJOIHand
the @mTcradiopharmaceuticals were calculated from three
clearanceperiodsonce steady-stateblood levelswerereached.

Normal saline containing 10 @Ci/mlofthe HPLC purified
[99mTc]@%4@G2..@,2 MCi/mlof [â€˜25!Jiothalamateand 1 MCi!
ml of [â€˜3@IJO!Hwere infused with a constant infusion pump
at a flow rate of 20 ILl/mm. After an equilibrium period of 45
mm and intravenous replacement ofintraoperative fluid losses
with normal saline, urine was collected under oil for three 10-
mm collection periods. Blood from the carotid artery was
obtained at the midpoint of each clearance period. After the
clearance measurements were complete, a 0.5 ml blood sample
waswithdrawnfrom the renal vein and a 3 ml blood sample
was obtained from the carotid artery. One-half milliliter of
the arterial blood was saved for radioactivity determinations
and the rest was centrifuged to obtain a plasma sample. The
plasma protein binding was determined by an ultrafiltration
membrane systemt (13). The micropartition system was cen
tnfuged in a sealedcontainer at 1,050g in a swingingbucket
centrifuge for 10 mm. Samples of the plasma and the ultra
filtrate were counted for radioactivity. All samples were
counted in a well counter with correction for â€˜i'!scatter into
the @â€˜Tcwindow.The sampleswere recounted once @mTc
had been allowed to decay to background, and corrections for
â€˜@â€˜Iscatter into the @25Ichannel were then made. Percent
protein binding was calculated by the following formula: [1.0
- (cpm/g ultrafiltrate divided by cpm/g plasma)] x 100. Non

specific membrane binding was evaluated by centrifuging the
complexes in normal saline and none showed any significant
(0.2%orgreater)membranebinding.

Radioactivity in the urine was analyzed by HPLC to deter
mine if the complexes had been metabolized or undergone
degradation. The rat was surgicallyprepared as previously
described, except the carotid artery was not cannulated. Ap
proximately 1-2 mCi ofthe [@mTcJMAGrAA were collected
from the HPLC column and injected intravenously as a bolus
dose into the jugular vein ofthe animals. Urine was obtained
at 60 mm postinjection and assayed for total radioactivity. A
samplewas diluted 1:1with HPLC grade water and injected
onto the HPLC column. A second urine sample was diluted

1:1 with a known standard of the same [@mTc]MAG2-AA
complex and also injected onto the HPLC column.

RESULTS

Table 1 lists the different radiolabeled triamide mer
captide ligands, their corresponding HPLC solvent sys
tems, retention volumes and percent labeling efficiency.
The simplest complex of the series, mercaptoacetylgly
cylglycyl-glycine (MAG3), was found to form a single
99mTcproduct. The addition of a fourth glycine group
gave 99mTc mercaptoacetylglycylglycyl-glycylglycine
([99mTcJ@G) which also formed a single product by
reverse phase HPLC. The addition of a second asym
metric center typically yielded two components sepa
rable by reverse phase HPLC. Technetium-99m
mercaptoacetylglycylglycyl-L-phenylalanine ([@mTc]@
MAGrPhe), 99mTcmercaptoacetylglycylglycyl-L-aspar
tic acid ([99mTc]MAG2..Asp), 99mTc mercaptoacetylgly
cylglycyl-L-asparagine ([@â€˜Tc]MAG2-Asn), 99mTc
mercaptoacetylglycylglycyl-L-glutamic acid ([@mTc1@
MAG@-Glu) and @mTcmercaptoacetylglycylglycyl-L
glutamine([@mTcJMAG2@Gln)all had two components.
Technetium-99m mercaptoacetylglycylglycyl-L-alanine
([99mTcJMAGMa) has a second asymmetric center,
but its components were unresolved by reverse phase
or anion exchange HPLC.

Biodistribution Results
The biodistribution of the [@mTcJMAG2@AAcom

plexes were evaluated in mice at 10 mm and 120 mm
postinjection (Table 2). Rapid renal excretion was ap
parent at the 10-mm time period for [@mTc]MAG3,
[99mTcJ@G@J@, [99mTc]@GMflA and for both
complexes of [@â€˜Tc]MAG2-Gln. At 10 mm, the urine
excretion of these complexes was 107%, 106%, 98%,
99%, and 97% that of [â€˜311]O!H,respectively. By 120
mm postinjection [@mTc]MAG3, [@mTc]MAG2@Ma,
[99mTcJ@GMnA and both complexes of [@mTc]@
MAG2-Gln showed high specificity for renal elimina
tion with almost quantitative excretion into the urine.

Compared with the previous compounds, the re
maining N3S derivatives had either a decreased 10- or
120-mm urinary excretion compared with [â€˜31!]OIHor
a loss in renal specificity. The trianionic complexes,
[99mTc]MAGASp and [99mTc]MAG2@Gluall had di
minished urine activity 10 mm postinjection. Techne
tium-99m MAO4 and [@mTc]MAG2@Asn@Bhad slightly
diminished 10-mm urine activity as well as increased
hepatobiliary elimination. The addition of L-phenylal
anine ([99mTc]@fA@GPhe)was found to give two com
ponents by HPLC with a significant amount of hepa
tobiiary excretion for both complexes as well as a
substantial decrease in the 10- and 120-mm renal ex
cretion. The B complex was found to have less renal
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Time
[â€˜â€œ1cJMAG@-AA(mm) Blood UverKidneyIntestineslklnePercent

of OlH
inunn&Glycine

10 2.63Â±0.15 2.93Â±0.083.53 Â±0.271.10 Â±0.0579.89 Â±0.86107.3 Â±0.3120
0.03Â±0.000.08Â±0.020.06Â±0.031.20Â±0.1198.46Â±0.72102.6Â±0.5Glycylglycine

10 2.71Â±0.24 9.92Â±0.913.33 Â±0.2710.26 Â±0.7658.43 Â±2.6986.7 Â±1.8120
0.04Â±0.001.08Â±0.370.25Â±0.1015.97Â±0.6382.54Â±0.7787.6Â±1.0Alanine

10 2.63Â±0.27 2.56Â±0.285.21Â±1.041.58Â±0.1975.09Â±1.01106.4Â±0.7120
0.16Â±0.00 0.13Â±0.010.27 Â±0.092.20 Â±0.2295.94 Â±0.73102.2 Â±0.4Phenylalanine-A

10 9.70Â±0.30 22.16Â±1.287.59 Â±0.487.69 Â±0.8032.27 Â±1.2543.9 Â±1.0120
0.24 Â±0.05 2.31 Â±0.620.24 Â±0.1026.13 Â±2.3369.49 Â±2.1173.5 Â±2.3Phenylalanine-B

10 19.40Â±0.2614.73Â±0.685.26Â±0.4514.88Â±0.4716.19Â±0.9521.9Â±0.7120
0.80Â±0.19 2.96Â±0.650.37 Â±0.0841 .66Â±1.7648.61 Â±1.6152.3 Â±1.3ASpartiCacid-A

10 6.70Â±0.664.77Â±0.365.28Â±0.351.00Â±0.1556.58Â±3.4869.4Â±2.0120
0.19Â±0.011.60Â±0.060.16Â±0.011.38Â±0.1088.83Â±4.0796.7Â±0.7ASpartICacId-B

10 6.28Â±0.384.92Â±0.138.29Â±0.481.27Â±0.1360.60Â±1.4875.7Â±2.4120
0.34Â±0.05 1.39Â±0.090.49 Â±0.102.31 Â±0.4392.26 Â±2.9295.3 Â±1.0Asparagine-A

10 3.21Â±0.25 4.47Â±0.194.17 Â±0.340.94 Â±0.0670.66 Â±1.6097.6 Â±1.0120
0.04Â±0.00 0.75Â±0.090.08 Â±0.020.97 Â±0.0795.87 Â±0.44103.4 Â±0.7Asparagine-B

10 2.76Â±0.14 8.69Â±0.694.50 Â±0.6717.41 Â±0.6563.17 Â±3.2881.4 Â±0.8120
0.07Â±0.021.96Â±0.350.33Â±0.2219.46Â±1.9781.66Â±1.1581.3Â±1.2Glutamic

acid-A 10 7.49 Â±0.47 4.79 Â±0.455.23 Â±0.551.79 Â±0.1450.15 Â±2.5973.0 Â±2.0120
0.19Â±0.01 1.66Â±0.160.13 Â±0.201.11 Â±0.1094.22 Â±0.7199.7 Â±0.6Glutamicacid-B

10 4.16Â±0.123.59Â±0.146.46Â±0.441.09Â±0.0265.10Â±0.5887.5Â±0.5120
0.19 Â±0.02 0.87 Â±0.070.14 Â±0.052.40 Â±0.3294.29 Â±0.2498.8 Â±0.7GlUtamine-A

10 2.62 Â±0.28 5.29 Â±0.244.06 Â±0.380.92 Â±0.0674.13 Â±2.2598.9 Â±0.6120
0.04Â±0.000.62Â±0.140.04Â±0.002.17Â±0.4694.49Â±0.80102.2Â±0.3Glutamine-B

10 2.60Â±0.37 6.30Â±0.764.22 Â±0.200.88 Â±0.0973.64 Â±2.8397.1 Â±1.2120
0.03 Â±0.00 0.35 Â±0.110.04 Â±0.001.83 Â±0.1596.68 Â±0.54103.5 Â±0.4[â€˜31l]Ofl@f1

10 4.06 Â±0.12 2.07 Â±0.072.63 Â±0.171.12 Â±0.0374.12 Â±0.79120
0.18Â±0.010.13Â±0.020.10Â±0.020.34Â±0.0294.67Â±0.58.

Data are mean Â± s.e.m. percent dose per organ in fivemice.t

OlH was @ctedsimuftaneouely in allsttxles.S

Data are mean Â± s.e.m. for 65 mice.

TABLE 2
Biodistributionof IÂ°@TcjN@SComplexesand[1311]OIHin Mice(% InjectedDose)'

excretion and more biliary excretion than its cone
sponding A complex.

Rat Studies
The rat blood clearance, extraction efficiency and

protein binding studies were performed on HPLC pu
rifled [@TcJMAG3, [99mTc]MAG2..M@,and both corn
plexes of[@mTc]MAG2@Mnand [99mTC]MAG@3ln.All
of these complexes had renal clearances which corn
pared favorably to [â€˜311J0!H(Table 3). Constant infu
sion whole blood clearances were obtained rather than
the modified plasma clearances as previously reported
(6) to avoid the necessity of correcting for hippuran
uptake by the red blood cells (14).

Whole blood extraction efficiencies are also listed in
Table 3 and range from 58% for [@mTc1MAG2@Gln@B
to 86% for [@Tc]MAG3 versus 35% for [â€˜25!]iothala
mate and 62% for [â€˜31IIOIH.The degree of protein
binding ofthe derivatives varied between 24% and 80%
(Table 3). Protein binding was 35% for [â€˜311]O!Hand
9% for [â€˜25!]iothalamate.

Single-dose urine collection ofthe [@Tc]MAGrAA
resulted in 60%-90% of the dose recovered within 60
nun. HPLC analysis of the urinary radioactivity ob

tamed following intravenous administration of the
complexes indicated a single peak which contained 96%
or more of the injected radioactivity but had a slightly
longer retention time than the purified preparation due
to the presence of nonradioactive constituents in the
urine. When the urine was diluted with an equivalent
amount ofactivity ofthe known starting material, only
one peak was found to elute from the HPLC column.
These results indicate that the complexes are excreted
into the urine without change.

DISCUSSION

Previous work with the [@â€œTc]diamidedimercaptide
complexes (N2S@)in animals (2-5) and humans (15-
17) has established that a @Tccomplex can be pre
pared that is secreted by the renal tubular cells without
retention. The optimal complex in the N2S2 series,
however, resulted in chelate ring stereoisomers that
required HPLC purification. HPLC purification makes
it unlikely that these agents will be used routinely for
thereplacementof['31!]OIHor [@â€˜Tc]DTPA.

Continued synthetic work to develop an easily pre
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EXtraCtiOntclearance

Agent (ml/min/100g)clearancet(%of OIH)Extractionefficiency(%)efficiency
(%

of OIH)Protein binding(%)[l3hlJOlHt

3.36Â±0.6062% Â±7%35%Â±5%[@Tc]MAG@
4.73Â±0.12118% Â±8%86% Â±2%124% Â±10%77%Â±2%[@rC]MAG@-Ala
4.32Â±0.68122% Â±9%84% Â±7%128% Â±10%78%Â±9%[@â€˜9c]MAG@-Asn-A
3.11 Â±0.6297% Â±11%69% Â±5%107% Â±2%24%Â±9%[@Tc]MAG@-Asn-B

3.53Â±0.6583%Â±9%61%Â±7%90%Â±10%80%Â±1%[@TcJMAG@-Gln-A
3.26 Â±0.24108% Â±13%67% Â±7%1 14% Â±15%36%Â±2%[@rc]MAG@-Gln-B
2.67Â±0.1486% Â±4%58% Â±3%101% Â±14%52%Â±9%[@lJlothaiamatet
I .80 Â±0.2735% Â±5%9%Â±4%.

Values are mean Â± s.d. for fiverats.t

Values are mean Â±s.d. for 30rats.*

Tbese values are based on the simuftaneouslyinfused OIHand[@TcJMAG@-AA.

TABLE 3
[@â€œTcJMAG,@-AA,[1311JOIHand [1@I]lothaIamate, Whole Blood Clearance, Extraction Efficiency and Protein Binding in

Rats

pared renal agent which did not require HPLC purifi
cation led to the synthesis of the N3S complexes of
which [99mTcJMAGwas the first (6). Technetium-99m
MAG3 was found to give a single 99mTccomplex when
analyzed by HPLC and it maintained a high renal
specificity and rate of renal excretion comparable with
[â€˜3I]O!Hin mice, rats and normal volunteers (6â€”8).
Additional N3S ligands for @Tcwere subsequently
synthesized to evaluate the effect of different terminal
amino acids and the form of the anionic group on the
renal elimination of the complexes.

Reverse phase HPLC studies with the [@mTc]MAG2@
AA complexes typically gave high yields and excellent
separations of the complexes when utilizing a 0.O1M
phosphate buffer at a pH of 7.0 and various concentra
tions of ethanol. However, [@mTc]MAG2@Asn, [@mTcJ@
MAG2-Asp, and [99mTc]MAGMa were more difficult
to separate and required different mobile phase condi
tions. Technetium-99m MAG2-Asn yielded two re
solved peaks when the pH of the buffer was changed
from 7.0 to 6. 1. In the case of [@mTcJMAG2@Asptwo
complexes were observed when ethanol was eliminated
from the mobile phase and the phosphate buffer con
centration was increased to 0. lM. Previous reports (18)
have reported the separation of the two diastereomers
of [@mTc]MAG2@Ala;however, similar studies in our
laboratory could not confirm these results. Utilizing a
mobile phase of 8% ethanol/0.05M phosphate at a pH
of6.0, a late eluting peak (13 ml retention volume) was
found, but typically the yields of this complex were
only l%-lO%. Continued efforts with reverse phase
HPLC appeared to allow us to separate the major peak
into two unresolved components by varying the ethanol
concentration, pH and the flow rate of the mobile
phase, however the results were inconsistent. Clearly
more work with [99mTcj@GMa is needed to clarify
the optimal HPLC conditions required for separation
of this complex.

The biodistribution and urine excretion of [@mTc1@
MAG3 and several of the other dianionic 99mTccom
plexes were comparable with [â€˜31!]O!Hin mice (Table
2). The rapid excretion of these @mTcdianionic groups
[99mTc]MAG2..Ma, E99mTC]MAG2..ASn..Aand both corn
plexes of [99mTcJMAG@Qln)suggests that renal excre
tion is not rigidly dependent on the terminal amino
acid. Technetium-99m MAG2-Asn showed similar
characteristics to the N2S2group of ligands in the bio
logical behavior of the A and the B components. The
A component was found to be excreted more rapidly
and maintained a high renal specificity compared with
the B component. The triamonic complexes, [@mTc]@
MAG2-Asp and [99mTc]@s(@G2..@3lu,were excreted more
slowly than [â€˜31!JO!Hand these results were similar to
those obtained with the triamomc compounds of the
N2S2 chelates (5). Changing the terminal amino acid to
a more lipophilic group ([@mTc]MAG2@Phe)was found
to decrease the rate of renal excretion while increasing
hepatobiliary excretion. This trend was also similar to
that observed with the more lipophiuic N2S2ligands (5).
The addition of another glycine ([@TcJMAG4) was
again found to increase hepatobiliary excretion and this
same trend occurred within the N2S2 group of corn
plexes (5). Thus, the relative effect ofdifferent substit
uent groups for both the N2S2and the N3S core donor
groups remains similar.

In the rat studies, the blood clearance and urinary
excretion of the [99mTCJMAG3, MAG2-Ala, and both
complexes of MAG2-Asn and MAG2-Gln were corn
parable with the values obtained from the sirnultane
ously administered [â€˜31!JOIH(Table 3). In the case of
[@Tc]-MAG2-Asn both complexes were evaluated
more extensively, since both components would be
present in any kit formulation. Interestingly, in the case
of [@Tc]MAG2-Asn both complexes were found to
have rapid renal clearances. In all cases, the clearance
of these compounds significantly exceeded the glomer
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ular filtration rate (iothalamate clearance) indicating a
high degree of tubular secretion; whether or not these
compounds share the same pathway of secretion re
mains to be determined.

Protein binding measured by the ultrafiltration tech
nique provides a comparison of the protein binding
affinities of the different complexes used in this study
but its physiological significance is uncertain. In the
current study, the 99mTcagents with the greatest protein
binding (MAG3, MAG2-Asn-B, and MAG2-Ala) had
the highest blood clearances. Levy has recently pro
posed theoretical equations describing the relationship
between plasma protein binding, GFR, and tubular
clearance (19). When a drug is cleared primarily by
filtration, renal clearance is dependent on the unbound
fraction; when tubular clearance is high, renal clearance
will be relatively independent of the unbound fraction.
These complexes did exhibit different degrees of plasma
protein binding, therefore, the percentage oftheir clear
ance attributable to glomerular filtration may be some
what different for each complex. Clearly, however
plasma protein binding was not an important factor in
affecting tubular transport. In a recent study comparing
OIH and [99mTcJMAG in normal volunteers, the in
creased protein binding of[@â€•Tc]MAG3was associated
with a smaller volume of distribution (7). In this study
the plasma clearance of [99mTc]@G3 was found to be
slower than OIH, although equivalent amounts of both
agents were found in the urine at 30 mm postinjection;
this observation may be related to [@mTc]MAG3@s
smaller volume of distribution.

Technetium-99m MAGrA1a has kinetic parameters
comparable with [@mTc]MAG3 in animals and may
also exhibit similar behavior in disease states. The pro
tein binding, blood clearance and extraction efficiencies
of [99mTcJMAGASnA and [99mTc]MAG@lnA were
similar to [â€˜31!JOIHand these two complexes may
behave more similarly to [â€˜311J01Hunder altered phys
iological or disease conditions. While these possibilities
will require further evaluation, the N3Sgroup of ligands
do provide a number of very promising @mTccorn
plexes for the evaluation of renal tubular function and
more extensive evaluation in animals and humans is
warranted.

NOTES
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