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Purpose. To synthesize novel technetium-99m (99mTc)-labeled N-(2-
hydroxypropyl) methacrylamide (HPMA) copolymers and character-
ize the effect of charge and molecular weight on their biodistribution
in SCID mice.
Methods. Electronegative and neutral 7-kDa, 21-kDa, and 70-kDa
HPMA copolymers containing a 99mTc chelating comonomer, bearing
N-�-bis(2-pyridylmethyl)-L- lysine (DPK), were synthesized by free-
radical precipitation copolymerization. The copolymers were labeled
via 99mTc tricarbonyl chelation to DPK-bearing comonomer. They
were characterized by side-chain content, molecular weight, molecu-
lar weight distribution, radiochemical purity, and labeling stability.
Scintigraphic images were obtained during the first 90 min and at 24
h postintravenous injection in SCID mice. At 24 h, organ radioactiv-
ity was determined from necropsy tissue counting.
Results. 99mTc-labeled HPMA copolymers showed greater than 90%
stability over a 24-h challenge with cysteine and histidine. Scinti-
graphic images and the necropsy data showed that the negatively
charged copolymers were eliminated from the body significantly
faster than the neutral copolymers in a size-dependent manner.
Conclusions. To facilitate clinical scintigraphic imaging, stable che-
lation of 99mTc may be achieved by incorporation of a DPK-bearing
comonomer into the HPMA backbone. Electronegative and neutral
99mTc-labeled HPMA copolymers of 7, 21, and 70 kDa show signifi-
cant variation in organ biodistribution in SCID mice. 99mTc-labeled
HPMA copolymers could be used as diagnostic agents and to study
pharmacokinetics of delivery systems based on these copolymers.
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INTRODUCTION

N-(2-hydroxypropyl) methacrylamide (HPMA) copoly-
mers are a class of novel water-soluble, biocompatible, and
nonimmunogenic macromolecular carrier systems that have
been designed and used for the delivery of a variety of low-
molecular-weight pharmaceuticals (1) as well as macromol-
ecules (2). More than 200 different HPMA copolymers have

been studied as drug carriers, and several have entered clini-
cal trials as anticancer agents (3).

As chemotherapeutic agents based on HPMA copoly-
mers evolve, there is a need for a clinically appropriate ra-
diolabel to study their in vivo pharmacokinetics. Scintigraphic
methods have been used to monitor the biodistribution of
iodinated HPMA copolymers in tumor-bearing rats and mice
(4,5). However, radio-iodinated compounds are not often
used in patients due to suboptimal energy (125I) and radiation
dose (131I) (6). Alternatively, technetium-99m (99mTc) is an
ideal radiolabel to visualize the time-dependent biodistribu-
tion of drug conjugates in patients (7). A means to radiolabel
HPMA with 99mTc should facilitate translation of animal bio-
distribution data to patient clinical trials.

In this manuscript, we report for the first time the syn-
thesis, characterization, and in vivo evaluation of 99mTc-
radiolabeled HPMA copolymers. We have studied the effect
of charge and molecular weight on the biodistribution of
99mTc-labeled HPMA copolymers up to 24 h after intrave-
nous injection. It is apparent that both electronegative charge
and molecular weight of the copolymers influence the biodis-
tribution, body clearance rate, and the target to normal tissue
background ratio of these macromolecular drug carriers.

MATERIALS AND METHODS

Chemicals

N-�-(9-fluorenylmethoxycarbonyl)-N-�-bis(2-pyri-
dylmethyl)-L-lysine [(Fmoc) DPK] was a gift from Molecular
Insight Pharmaceuticals (Cambridge, MA, USA). Isolink
carbonyl reaction kit was a gift from Mallinckrodt Inc. (St.
Louis, MO, USA). Sodium pertechnetate was obtained from
the radiopharmacy at the University of Maryland, School of
Medicine (Baltimore, MD, USA) from a freshly eluted 3Ci
Mallinckrodt wet column generator. All amino acids used
were of L-configuration. Unless otherwise mentioned, all
other chemicals were of reagent grade and obtained from
Sigma Chemical Co. (St. Louis, MO, USA).

Synthesis and Characterization of Comonomers

(Fmoc) DPK was deprotected using a previously de-
scribed procedure (8). Briefly, (Fmoc) DPK was stirred in
20% piperidine/DMF for 30 min at room temperature. The
resulting reaction mixture was roto-evaporated and the pre-
cipitate washed with 2:1 ether:chloroform to remove the flu-
vene-piperidine adduct. The deprotected DPK (DPK-NH2)
was dried under vacuum and was characterized using UV
spectrometry (�max � 260 nm) and mass spectrometry (MW
328).

The comonomer of N-methacryloylglycylglycyl-(N-�-
bis(2-pyridylmethyl)-L-lysine) (MA-GG-DPK) was synthe-
sized by adding DPK-NH2 in dry dimethyl sulfoxide (DMSO)
to a stirred solution of N-methacryloylglycylglycine p-
nitrophenyl ester (MA-GG-ONp) in DMSO in the presence
of t-octyl pyrocatechine as inhibitor. DPK-NH2 was added at
a 2:1 molar excess to that of MA-GG-ONp. The reaction
mixture was continuously stirred at room temperature for 24
h. The DMSO was roto-evaporated; the crude comonomer
was purified by washing with ether and recrystallized from
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methanol. The comonomer was dried under vacuum and
characterized using UV spectrometry (�max � 260 nm, � �
5662.3 M−1cm−1) and mass spectrometry (MW 510).

All other comonomers, namely, HPMA (MP 66–68°C)
(9), N-methacryloylglycylglycine (MA-GG-COOH) (MP
195–199°C) (10), and N-methacryloyltyrosinamide (MA-Tyr)
(MP 194–196°C) (11) were synthesized according to previ-
ously described methods.

Synthesis and Characterization of HPMA Copolymers

The neutral and electronegative HPMA copolymers
were synthesized by free-radical precipitation copolymeriza-
tion in acetone/DMSO using N, N�-azobisisobutyronitrile
(AIBN) (Sigma) as the initiator. The molar feed composition
of the comonomers for the neutral and electronegative co-
polymers are shown in Table I. The comonomer mixtures
were sealed in an ampoule under nitrogen and stirred at 50°C
for 24 h. The precipitated copolymer was dissolved in metha-
nol and reprecipitated in acetone:ether (3:1) to obtain the
pure product. Copolymer MA-GG-DPK and MA-Tyr con-
tent were determined by amino acid analysis, and MA-GG-
COOH content was assessed by acid–base titration (12).
Weight average molecular weight and molecular weight dis-
tribution (polydispersity) were estimated by size exclusion
chromatography on a Superose 12 column (10 mm × 30cm)
(Pharmacia, Piscataway, NJ, USA) using a fast protein liquid
chromatography (FPLC) system (Pharmacia). Copolymer
fractions were selected with molecular weights (7 kDa and 21
kDa) below the renal threshold of glomerular filtration (∼45
kDa), and one fraction was obtained above (70kD) the
threshold. Copolymer fractions were obtained by elution on a
Superose 12 preparative column (16 mm × 50 cm), using PBS
(pH 7.4). The fractions were then dialyzed against distilled
water and lyophilized.

99mTc Radiolabeling and Challenge Studies with Cysteine
and Histidine

The HPMA copolymer fractions were radiolabeled using
a two-step procedure (Isolink kit carbonyl reaction, Mallinck-
rodt). First, 99mTc-tricarbonyl [99mTc(H2O)3(CO)3] (Fig. 1a)
was synthesized by adding 1 ml of sodium pertechnetate
(NaTcO4) to a Isolink carbonyl reaction vial (Mallinckrodt)
containing lyophilized sodium tartarate, sodium borate, so-
dium carbonate, and sodium boranocarbonate. The resulting
solution was then placed in a boiling water bath for 20 min.
Second, 120 �l of 1 N hydrochloric acid was added to neu-
tralize the solution and decompose any residual boranocar-
bonate. Two hundred microliters of the polymer solution was
added, and the mixture was heated for 30 min at 75°C. The
labeled copolymers were purified over a Sephadex G-25 col-

umn (PD-10 desalting column, Amersham Biosciences, Pis-
cataway, NJ, USA) using normal saline.

Solutions of 1 mM cysteine and 1 mM histidine in PBS
(pH 7.4) were added to aliquots of the 99mTc-labeled HPMA
copolymer (Fig. 1b) (final ligand concentration, 10−6 M). The
samples were incubated at 37°C, and the retained copolymer

Table I. Feed Composition of Comonomers in Neutral and Electronegative HPMA Copolymers

Sample

Feed composition of comonomers (mol%)*

HPMA MA-GG-DPK MA-GG-COOH MA-Tyr

Neutral copolymer 95 5 — —
Electronegative copolymer 70 5 23 2

* 12.5 wt% comonomers dissolved in acetone/DMSO.

Fig. 1. (a) Structure of 99mTc-tricarbonyl [99mTc(H2O)3(CO)3] and
(b) schematic of 99mTc-labeled HPMA copolymer containing the che-
lating comonomer MA-GG-DPK. The comonomer MA-GG-DPK
was used to label the copolymer backbone with 99mTc-tricarbonyl.
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activity was measured in a dose calibrator (Capintec, Ramsey,
NJ, USA) after Sephadex G-25 column isolation at 5 min, 1,
4, and 24 h. Student’s unpaired t test was performed to de-
termine statistical significance of the differences in the ob-
served displacement of 99mTc from the copolymer backbone
after 24 h.

Imaging and Biodistribution Studies

Four- to 5-week old male Harlan Sprague-Dawley SCID
mice (average weight, 25 g) were studied under the University
of Maryland Institutional Animal Care and Use Committee
(IACUC) approved protocol. All animals were anesthetized
(13) and injected via the lateral tail vein with 200 �l of normal
saline containing 25 nmol of 99mTc-labeled HPMA (300–400
�Ci). To assess the early organ biodistribution, a dynamic
90-min image was obtained immediately after intravenous in-
jection using a dual head gamma camera with a low-energy,
all-purpose collimator (DSX-LI, SMV, Berlin, Germany).

At 24 h, a 30-min scintigraphic image was obtained to
evaluate residual organ activity, and orbital blood samples
were obtained. During necropsy, whole organ tissue samples
were obtained from the heart, lung, liver, spleen, kidney, and
muscle. The tissue samples were washed with water, counted
(Cobra II Autogamma, Packard, Meriden, CT, USA),
weighed, and the percentage-injected dose per gram tissue
(%ID/g) was calculated. All biodistribution studies were per-
formed with 5 mice per group. Student’s unpaired t test was
performed to determine statistical significance of the ob-
served differences in organ accumulation between the neutral
and electronegative copolymer fractions. One-way ANOVA
test was used to determine statistical significance of the dif-
ferences in the organ accumulation between the molecular

weight fractions of the neutral and electronegative copoly-
mers.

RESULTS

The side-chain content, molecular weight, and molecular
weight distribution characteristics of the copolymer fractions
are shown in Table II. The weight average molecular weights
of the unfractionated copolymers as estimated by size exclu-
sion chromatography were 86 kDa and 60.1 kDa for the neu-
tral and electronegative copolymers, respectively. The esti-
mated weight average molecular weights (Mw) of the copoly-
mer fractions are listed in Table II, but for simplification they
are named as 7-, 21-, and 70-kDa copolymers. Upon fraction-
ation the 7-, 21-, and 70-kDa copolymers showed narrow
polydispersity (1.1–1.3) for both the neutral and electronega-
tive species. The polydispersity (Mw/Mn) of the copolymers
were consistent with the previously reported data for HPMA
copolymers (14). The DPK, COOH, and tyrosinamide con-
tents were consistent with their corresponding feed composi-
tions during polymerization. The DPK content averaged 83%
and 89% of the feed composition for the neutral and electro-
negative fractions, respectively.

The copolymers were labeled by 99mTc-tricarbonyl-DPK
chelation (Fig. 1b). Typically, specific activities greater than
16 mCi/mg (12.5 MBq/nM) were obtained with a radiolabel-
ing efficiency of greater than 92%. The challenge studies with
cysteine and histidine (Table III) showed excellent 99mTc
binding stability over 24 h with less than 10% displacement
(statistically insignificant) from the polymer backbone. There
was a slightly higher 99mTc displacement in the presence of
excess histidine.

The SCID mouse images showed a clear difference in the

Table II. Physicochemical Characteristics of Neutral and Electronegative HPMA Copolymer Fractions

Neutral copolymer Electronegative copolymer

7 kDa 21 kDa 70 kDa 7 kDa 21 kDa 70 kDa

DPK content
(mmol/g polymer)* 0.2678 0.2705 0.2785 0.2146 0.2155 0.2171

COOH content
(mmol/g polymer)† — — — 0.952 ± 0.005 1.023 ± 0.004 1.02 ± 0.004

Tyr content
(mmol/g polymer)* — — — 0.066 0.064 0.071

Actual Mw (kD)‡ 7.9 22.1 72.2 8.3 23 74.1
Polydispersity‡ 1.1 1.2 1.3 1.2 1.3 1.3

* Results of amino acid analysis.
† Results of acid-base titration. Values represent the means ± SD (n � 3).
‡ As determined by size exclusion chromatography.

Table III. Stability of Complexes (%)* Against Ligand Exchange in Excess Histidine and Cysteine in Phosphate-Buffered Saline at 37°C

Samples

Histidine (1 mM) Cysteine (1 mM)

5 min 1 h 4 h 24 h 5 min 1 h 4 h 24 h

Neutral
copolymer 97.98 ± 0.65 95.79 ± 1.1 94.48 ± 0.98 90.11 ± 1.4 98.32 ± 0.97 96.79 ± 1.12 96.55 ± 0.89 93.68 ± 0.58

Electronegative
copolymer 98.35 ± 0.31 95.09 ± 0.58 93.92 ± 1.19 90.96 ± 1.8 98.71 ± 1.1 97.23 ± 0.59 96.97 ± 1.5 94.27 ± 1.2

* Values represent the means ± SD (n � 3).
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copolymer biodistribution patterns at 90 min post injection
(Fig. 2). The electronegative copolymers were largely con-
fined to the blood pool, kidney, and bladder regions. The
70-kDa copolymer fraction persisted in the thoracic region,
whereas little chest activity was evident for the 7- and 21-kDa
fractions. All of the electronegative copolymers were evident
in the kidney and bladder region with a pattern consistent
with their relative sizes. The 21-kDa fraction transited the
kidney more slowly than the 7-kDa fraction, which was
largely found in the bladder by 90 min postinjection. There
did not appear to be a significant concentration of the elec-
tronegative copolymers in either the liver or the spleen.

The neutral copolymers also showed a pattern of renal
clearance that was related to molecular weight. The 7-kDa
fraction largely passed into the bladder by 90 min, whereas
the 70-kDa fraction showed a relatively small clearance. For
a given weight, the neutral copolymers appeared to clear the
body at a slower rate than the electronegative copolymers.
Furthermore, there appeared to be more localization of the
neutral polymers in the region of the liver and spleen at 90
min post dose.

The 24-h necropsy radioactivity in tissues was expressed
as percent of the injected dose per gram tissue (%ID/g) (Figs.
3 and 4). The neutral 7-kDa copolymer fraction (Fig. 3) per-
sisted primarily in the liver (5.3 ± 1.7% ID/g) and spleen (5.9
± 1.9%). The 21-kDa fraction cleared from all the organs
except for the kidney (18.3 ± 6.9%) and spleen (10.3 ± 1.3%).
The 70-kDa fraction showed high blood activity (19.2 ± 4.2%)
and the highest 24 h copolymer localization in lung (12.8 ±
3.1%), spleen (14.9 ± 4.5%), and liver (25.3 ± 2.8%).

The electronegative copolymers (Fig. 4) cleared well
from all tissues with the 7-kDa fraction showing trace quan-
tities in the kidney (8.1 ± 0.74%). Higher renal activity was
found for the 21-kDa and 70-kDa fractions, which showed
33.1 ± 1.6% and 23.3 ± 4.8%, respectively. The 70-kDa frac-
tion showed small quantities in the blood (1.5 ± 0.3%), spleen
(1.4 ± 0.7%), and liver (2.2 ± 0.6%).

The comparison of the absolute amounts of radioactivity
in the organs (%ID/g) for the neutral and electronegative
copolymers is shown in Table IV. There was a significant
difference (p < 0.05) in organ accumulation between neutral

and electronegative copolymer fractions of similar molecular
weight, with the neutral copolymer fractions showing higher
organ accumulation than electronegative copolymer frac-
tions. The kidney accumulation was, however, significantly
higher for the electronegative fractions as compared to the
neutral fractions. Similarly, there was significant difference (p
< 0.05) in organ accumulation among the different molecular
weight fractions for both the neutral and electronegative co-
polymers except for neutral 7-kDa and 21-kDa fractions in
the liver.

DISCUSSION

Long-chain macromolecules such as HPMA copolymers
have been used as carriers of drugs to enhance their stability
in vivo and as targeted delivery systems. Low-molecular-
weight anticancer agents, for example, show improved thera-
peutic activity when conjugated to copolymers of HPMA
(15). Because the biodistribution of such drug conjugates is
influenced by the properties of the carrier system, we devel-
oped a 99mTc-radiolabeled copolymer of HPMA to evaluate
these properties in vivo.

99mTc is eluted in saline solution from a 99Mo/99mTc gen-
erator as sodium pertechnetate. In preparation of radiophar-
maceuticals, the technetium (+7) in pertechnetate is reduced
to a lower oxidation state for ligand coordination. Alberto et

Fig. 4. Residual radioactivity in % injected dose per gram of organ
tissue 24 h after injection of electronegative 99mTc-HPMA fractions.
The excised organs were counted using a gamma counter; data are
expressed as mean ± SD (number of animals/group is shown). Key: �

7 kDa (n � 5), � 21 kDa (n � 5), 70 kDa (n � 5).

Fig. 2. Scintigraphic images of SCID mice, 90 min after intravenous
injection of electronegative (A, 70 kDa; B, 21 kDa; C, 7 kDa) and
neutral (D, 70 kDa; E, 21 kDa; F, 7 kDa) 99mTc-HPMA copolymer
fractions. The markers 1, 2, and 3 are used to indicate heart, kidney,
and bladder regions, respectively. The region between 1 and 2 rep-
resents liver. After 90 min, the electronegative fractions show signifi-
cant localization in kidney and bladder indicating rapid excretion
from the body. Of the neutral fractions, only 7 kDa shows bladder
localization after 90 min, and the 70 kDa is largely taken up by the
liver due to reduced glomerular filtration.

Fig. 3. Residual radioactivity in % injected dose per gram of organ
tissue 24 h after injection of neutral 99mTc-HPMA copolymer frac-
tions. The excised organs were counted using a gamma counter; data
are expressed as mean ± SD (number of animals/group is shown).
Key: � 7 kDa (n � 5), � 21 kDa (n � 5), 70 kDa (n � 4).
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al. recently developed one of the most stable technetium che-
lates in the form of 99mTc-tricarbonyl [99mTc(H2O)3(CO)3]
(16) (Fig. 1a). The technetium at the complex center is very
inert chemically given its low oxidation state (+1) and its
carbonyl protected spherical shape, which protects the tech-
netium from further ligand attack or reoxidation (17). This
99mTc-tricarbonyl core forms very stable complexes with tri-
dentate ligands by replacing the three coordinated water mol-
ecules (18,19) (Fig. 1b).

Instability of 99mTc radiolabeled HPMA in vivo can oc-
cur through two principal routes: through proteolytic degra-
dation of the peptide side chain by serum proteases or by
transchelation of the technetium to other high-affinity bind-
ing sites. N-�-bis(2-pyridylmethyl)-L-lysine (DPK) was cho-
sen to form the 99mTc binding comonomer as it provides a
compact tridentate coordination that should resist proteolytic
attack. The [DPK-99mTc(CO)3] (Fig. 1b) complex offers no
free coordination site for attack by competing ligands (20). As
technetium shows a high affinity for sulfur-containing mol-
ecules, its tendency to transchelate in vivo can be modeled in
vitro by challenge with cysteine (21). Histidine challenge is
used as a means to test the coordination efficiency of DPK
toward the metal center of 99mTc(H2O)3(CO)3 (18). The co-
monomer of the tridentate ligand (DPK) was observed to
coordinate strongly with the tricarbonyl core showing excel-
lent stability in cysteine and histidine challenges. In the
HPMA copolymers synthesized in this work, approximately
five DPK units were incorporated in each polymer chain. This
is far in excess of the number of DPK units required to co-
ordinate the 99mTc label. In the animal experiments, for ex-
ample, each animal received 25 nmol of HPMA radiolabeled
with about 350 �Ci. This translates to about 4000 DPK for
every 99mTc atom coordinated, an excess that facilitates rapid
polymer labeling.

HPMA copolymers are loosely coiled macromolecules,
which are slowly captured by fluid phase pinocytosis (22). We
studied the fate and the total body distribution of 99mTc-
HPMA copolymers (MW 7 kDa, 21 kDa, and 70 kDa) in
SCID mice over 24 h. As expected, the renal elimination rate
of intravenously injected HPMA copolymers was dependent
on molecular weight and charge, with the charge having the
predominant effect on biodistribution (4,14,23,24).

Images obtained at 90 min of the in vivo biodistribution
of the neutral and electronegative HPMA copolymers are
clearly different for each of the molecular weights and for the
molecular charges.

At 90 min, the neutral 99mTc-HPMA copolymers dem-

onstrate progressively less tissue activity for the 70-, 21-, and
7-kDa copolymers. The highest uptake of the neutral 70-kDa
fraction was seen in lung, liver, and spleen, which was consis-
tent with previously published data (4).

The electronegative copolymers do not appear to be
taken up to a significant extent by any body organ other than
the kidneys. The scintigraphic images and the 24-h necropsy
data show that the negatively charged copolymer fractions are
more efficiently cleared from the body than the neutral co-
polymers. All the neutral compounds show hepatic activity,
whereas little liver uptake was evident for the electronegative
copolymer fractions. These findings may be due, in part, to
reduced transvascular flux from repulsion of the electronega-
tive copolymers by negatively charged plasma membranes
(23).

At 24 h, the retention of neutral HPMA in necropsy
tissue is closely related to copolymer molecular weight. For all
nonrenal tissues (heart, lung, spleen, liver, and muscle), the
higher the molecular weight, the higher the tissue radioactiv-
ity. It is well established that following IV administration,
smaller (<45 kDa) HPMA neutral copolymer fractions are
subject to rapid renal clearance, but the higher molecular
weight (70 kDa) fraction persists in the blood for prolonged
period as it falls above the renal glomerular filtration thresh-
old (45 kDa) for HPMA (14,24).

Radioiodinated HPMA has been used to study the bio-
distribution and the cellular localization of HPMA (4,5). Kis-
sel et al. studied the time-dependent distribution of 131I-
labeled HPMA in whole-body scintigraphy of tumor-bearing
animals over 7 days. They demonstrated the relationship be-
tween copolymer molecular weight and plasma circulation
time, body excretion, and tumor localization of HPMA (4).
Copolymers were cleared from the blood in a molecular-
weight–dependent manner, either via excretion or by extrav-
asation into normal and neoplastic tissues. The higher the
molecular weight, the greater the radioactivity taken up by
organ tissues. As with the neutral 99mTc-radiolabeled copoly-
mers, highest amounts were accumulated in the lung, liver,
and spleen. Kissel et al. showed that the kinetics of HPMA
accumulation in solid tumors was also dependent on copoly-
mer molecular weight. HPMA copolymers with molecular
weights below the renal threshold peaked in tumor tissue at
24 h postinjection and then remained constant. In contrast,
copolymers above the renal clearance threshold displayed
continuous accumulation and significantly higher tumor up-
take (4).

Despite the utility of radio-iodinated HPMA conjugates

Table IV. Percent Injected Dose per Gram Organ Tissue (%ID/g)* at 24 Hours for Neutral and Electronegative HPMA Copolymers

Neutral copolymer Electronegative copolymer

7 kDa 21 kDa 70 kDa 7 kDa 21 kDa 70 kDa

Blood 1.1 ± 0.3 1.7 ± 0.5 19.2 ± 4.2 0.048 ± 0.006 0.084 ± 0.02 1.454 ± 0.25
Heart 0.6 ± 0.1 2.0 ± 0.7 9.3 ± 1.0 0.028 ± 0.005 0.035 ± 0.006 0.518 ± 0.13
Lung 1.3 ± 0.4 2.7 ± 1.1 12.8 ± 3.1 0.049 ± 0.008 0.071 ± 0.03 0.542 ± 0.17
Kidney 3.9 ± 1.1 18.3 ± 6.9 9.7 ± 1.4 8.137 ± 0.74 33.104 ± 1.59 23.277 ± 4.8
Spleen 5.9 ± 1.9 10.3 ± 1.3 14.9 ± 4.5 0.387 ± 0.17 0.284 ± 0.13 1.361 ± 0.72
Liver 5.3 ± 1.7 5.5 ± 0.8 25.3 ± 2.8 0.382 ± 0.17 0.716 ± 0.076 2.208 ± 0.56
Muscle 0.2 ± 0.1 0.5 ± 0.1 3.5 ± 2.4 0.031 ± 0.02 0.032 ± 0.01 0.129 ± 0.02

* Values represent the means ± SD (n � 5, except for 70-kDa neutral copolymer, where n � 4).
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in animal model studies, it has serious shortcomings in clinical
use. 131I is generally not used for diagnostic imaging because
of its high gamma energy (364 keV) and the radiation dose
associated with its beta emission. 125I produces low-energy
gamma emissions (80 keV) with low tissue penetration that
limits its use in man. 123I, the most suitable iodine isotope for
clinical imaging, is short lived (t1/2� 13.3 h) and relatively
expensive because it is cyclotron produced. The radiolabeling
and distribution logistics associated with 123I make it less at-
tractive for clinical use (6). The preferred isotope is 99mTc
because of its wide availability, ideal imaging energy (140
keV), and lack of beta emission. It is the radionuclide used in
more than 80% of all diagnostic nuclear medicine procedures
(7).

The ability to radiolabel HPMA with 99mTc and to
modulate copolymer molecular weight and charge opens
many possibilities for use of these compounds in diagnosis
and targeted therapy. Shorter molecules may be suitable to
study the patterns of lymph flow in a manner similar to 99mTc-
radiolabeled dextran (25). 99mTc-labeled HPMA copolymers
bearing peptide ligands for the �v�3 integrin on neovascular
endothelial cells may provide a means to detect sites of cancer
or may be useful in assessing the efficacy of angiogenesis
inhibitors (26,27). Incorporation of negative charge on the
copolymer appears to significantly reduce organ uptake. Spe-
cific targeting to tumor sites and low extravasation into nor-
mal tissues could result in enhanced tumor/background dis-
tribution of a polymer-drug conjugates.

CONCLUSIONS

The biodistribution of neutral and electronegative
HPMA copolymers have been studied using 99mTc gamma
scintigraphy in SCID mice. Stable 99mTc complexes have been
formed with HPMA copolymers by incorporating comono-
mers bearing N-�-bis(2-pyridylmethyl)-L-lysine (DPK) into
the polymeric backbone. The tissue biodistribution and renal
elimination rate of 99mTc-radiolabeled HPMA copolymers is
dependent on both molecular weight and charge. Our work
suggests that 99mTc-radiolabeled HPMA copolymers will pro-
vide a means to carry out human imaging studies to assess the
pharmacokinetics of HPMA copolymers as carriers for diag-
nostic and therapeutic agents.
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