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Abstract
We report in vivo and in vitro MRI properties of six gadolinium-dendrimer and gadolinium-
albumin conjugates of derivatized acyclic diethylenetriamine-N,N’,N’,N’’, N’’-pentaacetic acid
(1B4M) and macrocyclic 1,4,7,10-tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid (C-
DOTA). The three albumin-based agents have comparable protein to chelate ratios (1:16–18) as
well as molar relaxivity (8.8–10.4 mM−1s−1). The three dendrimer based agents have blood
clearance half-lives ranging from 17 to 66 min while that of the three albumin-based agents are
comparable to one another (40–47 min). The dynamic image obtained from use of the albumin
conjugate based on the macrocycle (C-DOTA) showed a higher contrast compared to the
remaining two albumin based agents. Our conclusion from all of the results is that the
macrocyclic-based (DOTA) agents are more suitable than the acyclic-based (1B4M) agent for in
vivo use based on their MRI properties combined with the kinetic inertness property associated
with the more stable Gd(III) DOTA complex.

1. Introduction
Magnetic resonance imaging (MRI) often relies on “contrast agents” to create the contrast
between normal and diseased tissues. Chelated gadolinium has long been recognized for
creation of contrast agents in magnetic resonance imaging (MRI) due to its large magnetic
moment and long electronic relaxation time. Macrocyclic chelate derivatives based on
DOTA (1,4,7,10-tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid) are finding
increasing applications in bioconjugation both for biomedicine and MRI contrast agents.
Complexes formed between lanthanides and the macrocyclic ligand such as Gd(DOTA)−1 is
thermodynamically stable and kinetically inert.[1–3] A study has been done using
Gd(DOTA)−1 as a contrast agent to study central nervous system, such as intracranial
lesions.[4] While the brain images in rat obtained using Gd(DOTA)−1 and Gd(DTPA)−2 as
contrast agents showed no significant differences in enhancement, a faster rate of clearance
of the former was observed.[5] However, current clinically used small molecule
extracellular MRI contrast agents have relatively short blood half-lives and easily
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extravasate into muscle or are quickly excreted from the body due to their low molecular
weight.

A well known strategy to increase the in vivo relaxation efficiency involves conjugation of a
small molecule contrast agent to a larger macromolecule. The main reason for this is to slow
down the molecular tumbling time, also known as rotational correlation time τr, while also
prolonging the intravascular retention time. The use of Gd(III) chelates conjugated to high
molecular weight carriers such as a polyamidoamine (PAMAM) dendrimer is well
documented.[6–8] PAMAM dendrimers are mono-dispersed in nature with defined
structure, and possess a large number of available amine surface groups for conjugation.
They have found uses for conjugation of high numbers of small molecule contrast agents for
MRI,[9–12] and also to monoclonal antibodies for targeting.[13–16]

An alternative method of creating intravascular contrast agents with long blood circulation
time is by covalently attaching the small molecule gadolinium chelates to large proteins,
such as human serum albumin (HSA). Albumin (MW~66,800) binding will also increase the
molecular rotational correlation time, prevent fast excretion of the agents, and enhance the
efficacy of interaction between the electrons of the Gd(III) ion and the nucleus of water
protons.[17] Albumin is a nearly perfect macromolecule to take advantage of for in vivo
applications mainly because it is the most abundant protein in the blood, and also possesses
58 lysine residues, which then provides binding sites for appending small molecules.[18] It
is estimated that only 5% of albumin leaves the blood per hour,[19] which indicates a
prolonged retention time, and it is also known that albumim intensely accumulates in some
malignant tumors.[20] Based on these observations, several albumin conjugates have been
prepared for therapeutic and diagnostic applications,[21–25] and also for creation of MRI
contrast agents.[26–31]

The present study reports the preparation and assessment of albumin- and dendrimer- based
conjugates as intravascular contrast agents. The effect of these agents on water proton
relaxation was studied comparatively in vitro whereas their performance as contrast agents
was studied in vivo. The pre-formed complexes, (2-(4-isothiocyanatobenzyl)-6-methyl-
diethylenetriaminepentaacetic acid gadolinium complex; (p-SCN-1B4M[Gd])) and (2-(4-
isothiocyanatobenzyl)-1,4,7,10-tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid
gadolinium complex (p-SCN-C-DOTA[Gd]), were directly conjugated to the
macromolecules. The p-SCN-1B4M ligand was also attached to albumin first, and then
followed by metallation with Gd(III). This will allow us to directly compare MRI property
of albumin conjugates prepared using the new method (premetallation) versus the old
method (postmetallation) which has never been done before.

2. Experimental
2.1 Materials and methods

Ethylenediamine (EDA) core Starburst® polyamidoamine (PAMAM) dendrimer
generation-4, 5 and 6 in MeOH were obtained from Dendritech. Human serum albumin
(HSA from this point on) and gadolinium nitrate pentahydrate (Gd(NO)3·5H2O) were
purchased from Aldrich (St. Louis, MO). Phosphate buffered saline (1X PBS) at pH 7.4 was
obtained from Digene (Gaithersburg, MD). Size-exclusion HPLC (SE-HPLC) was
performed using a Beckman System Gold® (Fullerton, CA) equipped with model 126
solvent delivery module and a model 166NMP UV detector (λ 254 nm) controlled by 32
Karat software. A TSK-gel G3000SWxls 10 μm, 7.8 mm × 300 mm (Tosoh Bioscience,
Montgomeryville, PA) column and a TSK-gel 10 μm guard column (Tosoh Bioscience,
Montgomeryville, PA) were used for SE-HPLC with phosphate buffered saline (1X PBS)
solution as the eluent at 1.0 mL/min, respectively. All water used was purified using a
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Hydro Ultrapure Water Purification system (Rockville, MD). The Sephadex® G-25 resin
was purchased from Pharmacia (Sweden), pre-treated with 1X PBS, and loaded to a
Pharmacia Biotech column 2.6 × 39.7 cm (Uppsala, Sweden). Elemental analyses were
performed by Galbraith Laboratories, Inc. (Knoxville, TN) using inductively coupled
plasma-mass spectrometry (ICP-MS) for Gd. The Bio-Rad gel filtration standard used to
compare the molecular weight of the dendrimer conjugate was purchased from Bio-Rad
(Hercules, CA). An Agilent 8453 UV-Visible spectrophotometer (Agilent Technologies;
Foster City, CA) was employed to generate a standard curve. Preparation and
characterization of the three dendrimer based agents, G4-(C-DOTA-Gd)28 (G4 in this
report), G5-(C-DOTA-Gd)61 (G5) and G6-(C-DOTA-Gd)115(G6), has been reported
elsewhere.[32]

2.2 Conjugation of albumin with 1 or 2
2.2.1 Pre-metallation method—Compounds 1 (2-(4-isothiocyanatobenzyl)-6-methyl-
diethylenetriaminepentaacetic acid gadolinium complex; (p-SCN-1B4M[Gd])) and 2 (2-(4-
isothiocyanatobenzyl)-1,4,7,10-tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid
gadolinium complex (p-SCN-C-DOTA[Gd]) were prepared as previously reported,[33–34]
and they were conjugated to albumin as shown in Fig. 1. Human serum albumin (HSA) (100
mg) was dissolved in 50 mL 1X conjugation buffer with EDTA (48 mM NaHCO3 + 2.0 mM
Na2CO3 + 0.15 M NaCl + 0.5 mM EDTA) (pH ~ 8.5). Compound 1 or 2 (160 mg, 110 eq.)
was added in portions while the pH was adjusted to 8.5 with 1M NaOH. The mixture was
rotated for 5–10 min after each addition and then 24 hr after the addition was complete at
room temperature. The completion of the conjugation was monitored by SE-HPLC
following the growth of a higher molecular weight peak. The solution was filtered through a
0.45 μm cellulose acetate membrane filter (Corning, NY). The albumin conjugate was
purified by a Sephadex® G-25 column eluted with 1X PBS (pH 7.4). The first band was
collected and the volume was reduced to half (75 %) (SE-HPLC tR =9.5 min). The final
concentration of albumin was assessed by Lowry assay[35] while the Gd(III) content was
determined by ICP-MS. For comparison mineralization followed by Arsenazo assay was
performed to verified the Gd(III) content.[36–37] The number of chelate to albumin (chelate
to albumin ratio) was spectroscopically determined using compound 3 or 4 (Fig. 2) as
reported earlier.[32] A standard curve using compound 3 at 245 nm was generated and the
absorbance of the Gd-albumin solution was compared. Note that the absorbance of free
albumin at 245 nm, prepared in the same concentration as in the Gd-albumin solution, was
used to correct for the albumin interference. A ratio of 1:18 was obtained for (HSA-(C-
DOTA-Gd)18)(HSA-DOTApre) and 1:16 for (HSA-(1B4M-Gd)16)(HSA-1B4Mpre).

2.2.2 Post-metallation method—(HSA-(1B4M)18-Gd13) (HSA-1B4Mpost) was
prepared by modification of the previously described method.[38] 2.0 g of HSA was
dissolved in 2000 mL pre-warmed conjugation buffer (48 mM NaHCO3 + 2.0 mM Na2CO3
+ 0.15 M NaCl + 0.5 mM EDTA) (37o, pH 8.5). 1.2 g of ligand (2-(4-
isothiocyanatobenzyl)-6-methyl-diethylenetriaminepentaacetic acid (p-SCN-1B4M;
compound 1 without Gd(III)) (40 eq.) was added in portion while stirring. The mixture was
incubated at 37o C for 4 hr after addition. The unreacted free ligand was separated by a
Tangential Flow Filtration (TFF) system. The above literature reaction condition was
followed for the incorporation of Gd (III) and the reaction mixture was also purified by TFF.
The final albumin concentration was determined by Lowry assay,[35] and the number of
chelating agents was determined by Arsenazo assay.[37] The number of chelates per
albumin (18:1) was determined from the difference in the number of chelating agents before
and after reaction with Gd(III) while the Gd(III) content was determined by ICP-MS. Note
that 1–5 empty chelate(s), chelate(s) without Gd(III) was observed with this method.
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2.3 Photon correlation spectroscopy (PCS) and Zeta (ζ) potential
Photon correlation spectroscopy (PCS) was used to determine the size of particles in
solution in the submicron range (> 3 nm).[39–40] PCS measurements were performed with a
Zetasizer Nano ZS (Malvern, Worcestshire, United Kingdom) with a fixed 173° scattering
angle and external fiber angle, and a 633-nm helium-neon laser. Data were analyzed using
the associated Zetasizer software (Dispersion Technology Software 4.2; Malvern). The size
and zeta potential of conjugates determined here is based on 1 mM (based on Gd3+).
Solutions containing albumin (diluted from stock solution in PBS) were prepared in double-
deionized water (pH ~6.0) and PCS measurements were recorded 30 to 40 minutes after
sample preparation. The ζ potential of solutions was measured using the Zetasizer Nano ZS
using a ζ disposable clear cuvette. The determination of the ζ potential is based on a measure
of the electrophoretic mobility of particles under an applied electric field.

2.4 Relaxometry
Relaxation measurements were made on a custom designed variable field T1–T2 analyzer
(Southwest Research Institute, San Antonio, TX) at 23°C. The field strength was varied
from 0.02 to 1.5 T (1–64 MHz). T1 was measured using a saturation recovery pulse
sequence with 32 incremental recovery times. The relaxivities (relaxation rates per mM
concentration of metal ion) were obtained after subtracting the buffer (PBS, 0.01 M
phosphate, 0.01 M NaCl, pH 7.4) contribution. The same solution used for size
measurements above were used for these measurements.

2.5 Molar Relaxivity Measurements
Solutions of [Gd(DTPA)]−2 used as a reference standard (MagnevistTM; Bayer, Montville,
NJ) at 0.25, 0.50, 0.75, 1.0 and 2.0 mM, and 0.1, 0.25, 0.50, 0.75 and 1.0 mM of albumin
containing samples were prepared in 1X PBS (300 μL). Relaxivity measurements were
obtained at ~22° C using a 3-Tesla clinical scanner (Signa Excite, GE Medical System,
Waukesha, WI) equipped with a human knee coil (GE Medical System, Waukesha, WI). A
series of variable TR single slice 2D spin echo images of all the solutions were acquired at
the same time with a TE around 9ms and using different repetition times (TR = 100, 350,
750, 1250, 2500, and 5000 ms). The R1 map was calculated from variable TR SE images in
ImageJ (http://rsb.info.nih.gov/ij) using the MRI analysis plug-in
(http://rsb.info.nih.gov/ij/plugins/mri-analysis.html). The molar relaxivities, r1, were
obtained from the slope of 1/T1 vs. [Gd(III)] plots determined from region of interest
measurements.

2.6 In Vivo Magnetic Resonance Imaging (MRI)
All animal studies were performed in accordance with the NIH guidelines for the humane
use of animals and all procedures were reviewed and approved by the National Cancer
Institute Animal Care and Use Committee. Normal 6–10 week old female nude mice
(Charles Rivers Laboratories) were imaged two at a time to increase throughput using a 3T
clinical scanner (Signa Excite, GE Medical System, Waukesha, WI) equipped with a human
knee coil (GE Medical System, Waukesha, WI). Each mouse was placed in a physical
restraint while a catheter line (30 gauge needle on a 0.010” ID × 6” long Tygon tubing)
filled with 1X PBS was inserted into the tail vein, anesthetized using gas mixtures of 3%
isoflurane in O2, and then carefully placed in a mouse bed equipped with a nose cone and a
water pad which was heated to maintain the mice at 34°C. The mice were then positioned in
the human knee coil while the anesthesia gas was adjusted between 1.5–2.5% isoflurane.
After acquiring a tri-planar gradient echo survey, a coronal view T1-weighted 3D-fast
spoiled gradient echo image with a low flip angle (repetition time of 10 ms, echo time of 3.3
ms, flip angle of 4o, field of view of 160 × 63 mm, matrix size of 512 × 256 pixels, 80
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slices, slice thickness of 0.6 mm and 1 average; scan time of 2.3 min) was acquired followed
by a dynamic series using a higher flip angle of 30o and 4 averages repeated every 3.2 min
for 90 min. The contrast agent was injected (50 μL of solution in 1 X PBS based on Gd(III)
pushed with 50 uL of 1 X PBS) after the first dynamic image. The injection doses were 10
μmol/kg and 20 μmol/kg for the dendrimer- and albumin-based agents respectively. Blood
clearance rates were determined from ROI intensity measurements of the jugular vein in the
dynamic images using Image J. The intensity values during the dynamic scans were then
converted to Gd(III) concentration and the resulting [Gd] time curves were fitted to a single
exponential function using an Igor Pro (Wavemetrics) macro.

3. Results and discussion
Fig. 1 shows the premetallation method preparative scheme for the two albumin conjugates
(HSA-DOTApre) and (HSA-1B4Mpre) while (HSA-1B4Mpost) was prepared by the post-
metallation method. Preparation and characterization of the three dendrimer based agents;
G4-(C-DOTA-Gd)28 (G4 in this report), G5-(C-DOTA-Gd)61 (G5) and G6-(C-DOTA-
Gd)115(G6) has been reported elsewhere.[32] We have recently reported a preference for the
premetallation method for the conjugation of these Gd(III) chelates to macromolecules in
which non-specific binding of the Gd(III) can be eliminated as well as the elimination of the
population of vacant appended chelating agents that might interact with endogenous metal
ions.[33] Non-specific binding of metal ions to protein has been observed,[26–27] which
might not be as stable as the specific binding through a bifunctional ligand. The stability of
Gd(DOTA) and Gd(DTPA) are well documented and both have also been well defined as
MRI contrast agents.[17,41] A UV-Vis spectrophotometric titration method was used to
assess the number of chelates per protein for the two conjugates prepared by the pre-
metallation method (see experimental).[32] We have previously shown this method to
correlate well with combustion analysis methods.[32]

A plot of the inverse of longitudinal relaxation time (1/T1) versus Gd(III) concentration for
the Gd-Albumin conjugates (0.1–1 mM) and MagnevistTM (0.25–2mM) is shown in Fig. 3.
The data showed that the relaxivity of the three albumin based agents (8.8–10.4 mM−1s−1) is
comparable and slightly more than two times higher than that of the MagnevistTM. The 1/T1
NMRD profiles of the three albumin conjugates at 23°C are depicted in Fig. 4, wherein the
relaxivity for HSA-1B4Mpost, HSA-1B4Mpre and HSA-DOTApre peaked at ~17, ~22 and
~27 MHz, respectively. These values are well within the range of the field strength of
clinical MRI instrumentations (2–180 MHz).

Dynamic contrast-enhanced MR images of the six agents at 16–24 min post-injection are
shown in Fig. 5. Based on the images one notes that the circulation properties between the
dendrimer and albumin based agents are different. As expected, the dendrimer series showed
a progression of accumulation in the kidney wherein the G5 conjugate was bracketed in
between the slower clearing G6 and the faster G4 agents. The G6 agent, however, allowed a
clearer and finer visualization of the blood vessels, as well as higher signal intensity in the
cranial region as compared to the others, which could be useful as a brain imaging agent.
Among the three albumin conjugates HSA-DOTApre conjugate produced a higher whole
body contrast image including the root of the tail vein region. This indicates the macrocyclic
based agent to be more suitable for in vivo applications. To the best of our knowledge this is
the first time that the MRI properties of two different albumin-based agents have been
directly compared.

The in vivo average blood clearance rates were measured at the jugular vein for all agents
with the clearance data fit to a single exponential decay (Fig. 6). Table 1 summarizes the
overall results for the six agents. The three albumin based agents have comparable values of
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protein to chelate ratio (1:16–18) and molar relaxivity (8.8–10.4 mM−1s−1), as well as the
blood clearance half-lives (40–47 min) whereas the differences in the ranges of dendrimer to
chelate ratios (28–115), their respective molar relaxivities (29–89 mM−1s−1), and their
respective blood clearance half-lives (17–66 min) are large for dendrimer conjugates as
expected correlating with the increase in generation number which then related directly to
their size. Kobayashi et al has reported two phases of blood clearance, the faster (earlier time
point) and the slower (later time point), using 153Gd-labeled dendrimer conjugates.[42] The
blood clearance half-lives obtained for G5, G6 and the three albumins with MRI did not
cover the complete clearance profile. Unfortunately, it is not possible to anesthetize and scan
the animals for the hours necessary to obtain the whole clearance curve, a major limitation
with the dynamic MRI condition. The preparation of all the current agents labeled with a
radioactive gadolinium to unequivocally obtain their full blood clearance profiles is planned
for future studies. Also we plan to study the potential immune-response behavior of the
albumin and dendrimer conjugates reported here. This is an issue that needs to be considered
carefully given any interest existing in actual clinical translation of such agents.

The blood clearance plot in Fig. 6 illustrates the differences in circulation properties
between the six agents that were evaluated. As expected, the rate of clearance of G4is the
fastest whereas that of the G6 is the slowest, unsurprisingly based on the molecular weight
and size differences. However, the blood clearance half-life of the G6 with derivatized
DOTA here is significantly shorter than the previously reported G6 with DTPA derivative
(1B4M) (66 vs. 132 min) that was prepared by the post-metallation route as well.[43] The
major reason for this lies in the difference in molecular weight (140,000 vs. 240,000)
indicating a smaller and more compact agent,[44] and to a certain degree it might depend on
a more overall hydrophobic nature of the current agent due to the lower number of chelates
(256 vs. 115) and thus higher number of unoccupied free amines on the surface of the
dendrimer. The amino surface groups of the dendrimer are known to be positively charged at
neutral pH.[45] Hydrophobic agents are known to be rapidly excreted through the liver due
to an increased rate of hepatocellular uptake.[46] This enhanced clearance rate eliminates
concerns in the aspects of the deposition of the metal chelate in vivo due to a prolonged
circulation and residence of the agent, and dissociation of the toxic metal ion from the ligand
cavity due to the competition from other anionic ligands in vivo for metal binding. It also
eliminates another concern of in vivo toxicity of cationic PAMAM dendrimers as pointed
out by other researchers.[47] In addition, the dose employed for in vivo imaging (0.010 and
0.020 mmol/kg for both dendrimer and albumin conjugates) is much lower than that is
routinely employed with the clinically approved agents such as MagnevistTM (0.1–0.3
mmol/kg), and is also ~1/3 the dose (Gd(III) concentration basis) used in the majority of our
prior studies with dendrimer-based MR contrast agents.[48]

Table 2 compares molecular weights, sizes, and the ζ potentials of the six agents. The size
and ζ potential of the albumin conjugates determined here is based on a 1 mM (based on
Gd3+) solution prepared in ambient water at pH = 6 to eliminate buffer interference (Table
2), a condition that is similar to what was previously used for the three dendrimer
conjugates.[32] As noted earlier, size measurement based on photon correlation
spectroscopy (PCS) is sensitive to concentration,[39] and also buffer.[49] As expected, the
G6 conjugate was found to have the largest size and molecular weight (Table 2) and thus
correlates to having the highest impact on the relaxivity (Table 1). This reinforces the
statement that the subsequent increases in size and molecular weight results in increased
relaxivity.[49–51] As reported earlier, relaxivity is linearly correlated to the size of the
dendrimer based agents.[32] This is a major benefit from attaching a small chelate to a large
macromolecule in which the associated tumbling time of the molecule increases leading to
increases in relaxation enhancement.[52]

Nwe et al. Page 6

J Inorg Biochem. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



However, the size and molecular weight to relaxivity comparison failed to hold true between
albumin and dendrimer conjugates. For example, the G5 and the albumin conjugates have
comparable sizes (~6 nm) as well as molecular weight (~75,000), but their differences in
relaxivity (9–10 vs. 50 mM−1s−1) are rather large. The explanation for the difference lies on
the significant difference in the number of chelates attached between the two types of agents
(12 vs. 61). Relaxivity was observed to be linearly correlated to the number of conjugated
chelates; the greater the number of chelates, the greater the relaxivity (Fig. 7). This indicates
that the size, molecular weight and the number of chelates are all important parameters to
consider when designing macromolecular MRI contrast agents.

Zeta potential (ζ) indicates the accumulation of ions at the particle surface.[39] The overall
surface charge or ζ potential of the G6 agent is the highest due to the highest density of
surface charge as expected (Table 2). Also, high positive or negative charge ζ potential is
indicative of high electrostatic repulsion between particles and provides an energy barrier
against aggregation.[39] The ζ potentials of the three albumin conjugates are virtually the
same, but slightly lower than that of the dendrimer conjugates. This might have to do with
their once again possessing a diminished number of chelates and thus a lower number of
carboxylates from the bifunctional ligands, or maybe more likely that there are a lot of
charged peptide residues at the surface. Since all of the agents have negative ζ potential (53–
69) based on the data obtained, one can assume the likelihood of each agent to aggregate to
be low. This will be advantageous for in vivo applications where aggregation could interfere
with glomerular filtration clearance through kidney, which would be the preferred excretion
route.[53]

In summary, our study demonstrates that the pre-metallation method, either with the DOTA
or DTPA bifunctional ligand, can be applied to form either dendrimer- or protein-based
conjugates. This method is far more convenient and significantly more advantageous in
areas including species distribution, ease of characterization, stability, and solubility. This
study also shows that macromolecular MRI contrast agents composed of multiple Gd(III)
chelates assembled on either a dendrimer or a protein platform are much more efficient and
effective in modulating and relaxing water protons as compared to a single chelate unit
analogue. Gd(DOTA)−1 is thermodynamically stable and kinetically inert,[1–3,54] and has
been used as a contrast agent to study central nervous system such as intracranial lesions.[4]
A characteristic that is similar to Gd(DTPA), such as mild contrast uptake in patient with
recent cerebellar infarct,[55–56] was observed. Based on these results, the macrocycle-based
MRI contrast agents continue to be the major focus of future studies.
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Fig. 1.
Synthetic scheme for albumin conjugates.
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Fig. 2.
Synthetic scheme for 3 and 4.
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Fig. 3.
Molar relaxivity plots of MagnevistTM (◆; 4.0 mM−1s−1 ), (HAS-1B4Mpost)(■; 8.8
mM−1s−1 ), (HSA-1B4Mpre)(×; 9.7 mM−1s−1 ), (HSA-DOTApre)(▲; 10.4 mM−1s−1 )
measured at 3T.
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Fig. 4.
1/T1 NMRD profiles of 1 mM MagnevistTM(◆), HSA-1B4Mpost (●), HSA-1B4Mpre (▲)
and HSA-DOTApre (■), as a function of frequencies (0.02 to 1.5 T; 1–64 MHz) at 23°C.
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Fig. 5.
Whole body dynamic MR images of mice injected with 10 μmol/kg of G4–6 (top; left to
right) and 20 μmol/kg of (HSA-DOTApre), (HSA-1B4Mpost), (HSA-1B4Mpre) (bottom;
left to right). Images were acquired at 16–24 min post-injection.
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Fig. 6.
Average blood clearance rates measured at the jugular vein of the dendrimer and albumin
conjugates.
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Fig. 7.
A plot of relaxivity as a function of the number of chelates.
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Table 1

Summary of results for dendrimer and albumin conjugates

Agent No. of chelates r1 (mM−1s−1) Half life (min) Rate of clearance (min−1)

G4 28 a 29.6 a 17.5 ± 3 0.057 ± 0.007

G5 61 a 49.8 a 38.5 ± 7 0.026 ± 0.0026

G6 115 a 89.1a 67.7 ± 10 0.015 ± 0.006

HSA-DOTApre 18 10.4 40.1 ± 6 0.025 ± 0.0027

HSA-1B4Mpre 16 9.7 43.5 ± 6 0.023 ± 0.005

HSA-1B4Mpost 18 8.8 47.6 ± 5 0.021 ± 0.005

a
From previous report.[32]
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Table 2

Values of molecular weight, size and ζ potential for the agents.

Agent Molecular Weight Measured Diameter (nm) ζ Potential

G4 34,066 5.2 −60

G5 72,057 6.5 −65

G6 139,571 7.8 −69

HSA-DOTApre 76030a 6.3 −55

HSA-1B4Mpre 75320a 6.2 −53

HSA-1B4Mpost 75320a 5.9 −53

a
Based on average albumin molecular weight of 66,800.
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