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Brain Nuclear Magnetic
Resonance Imaging
Enhanced by a
Paramagnetic Nitroxide
Contrast Agent:

Preliminary Report

Robert C. Brasch'

Danute E. Nitecki'
Michael Brant-Zawadzki'

may extend

y
ES," a nitroxide stable free radical derivative, was tested as a central nervous

Dioter R. Enzmann?  $Ystom conlrast enhancer in dogs with experimentaly induced unia britis or
George E. Wesbey' boral After 1 TES, o

Thomas N. Tozer® but increase

- (\lﬂ to 45%) in spin-echo intensity and a decrease in T, relaxation times. The ar of

L. Dallas Tuck®
Chﬂslopher E. Cann'
John R. Fike*

Phillip sheldcn

This atcle sppeare i th September/ Ocl-
bor 1983 ssue of AJNR and the November 1983
issue of AJR.

teceived October 29, 1982; accepted after
it Fabriany 14 1083

venied o the Symooum Nouroradiolog
fashington, DC, October

upported in parts by grants
trom i Dot oF Mo University of Califor-
nia, San Francisco; Radiology Rosearch and Ed-
ucation Foundation, University of California, San
rancisco; and National Institules of Health
RO1 AM 31937, National Insttute of Arihri
abetos, Diosie and Kinay Disoases, and Ch.
30445, National Cancer Instiute.

" Department of Radiology, University of Cali-

cum,

the. nomnhmcod

ase amnou by 1:5 .nhlmtmml were either not evident on t
Num er defined after contrast administration. In-depth te
toxicity, -ublmy. and mmhonm of this promising NMR contrast agent are now In
progress.

Contrast-enhancing pharmaceutical agents may extend the diagnostic capa-
bilities of nuclear magnetic resonance (NMR) imaging. Paramagnetic substances
tested as NMR contrast agents include the ions of manganese and iron and
nitroxide stable free radicals (NSFRs) [1, 2J; all have been shown to decrease
proton relaxation times, namely T, and T [3]. Thus, paramagnetic substances
enhance contrast differences between those tissues containing the contrast
‘agent and magnetically similar tissues without it

In separate reports we have described the relative advantages and disadvan-
tages of various methods to manipulate NMR contrast [2, 4] and the potential to
directly evaluate renal function in experimental animals using NSFRs as uro-
graphic NMR contrast agents [2, 5].

NSFRs are a group of synthetic, strongly paramagnetic organic compounds
that for two decades have been used as “‘spin labels™ for in vitro biologic studies
[6]. A water-soluble piperidinyl NSFR derivative, “TES, " is rapidly excreted into
the urine after nous administration, an excretion pattern useful for NMR
urographic studies [2 5], TES demonstrates additional properties suggesting

seful
of solutions over a broad. range of pH and temperature, limited in vivo metabolism,
and broad chemical versatility [2, 6). The ability to chemically attach TES to a
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Gadolinium as a Contrast
Agent for NMR

128 :"E. mole Gd/1 ]"

Plasma

Jean-Marie Caillé' Gldollmum chloride (GACI;) was studied as a contrast agent for nuclear magnetic 328
Bernard L resonance. 3 i
Bruno Bonnemain® momont. = 103 Bohr magnetons). Acuts toricity was determined by iniravenous E 4 =
injections in mice; mean lethal dose was 100-200 mg of GdCl+6 H,0/kg. Changes in m mole Gd/I
T, of plasma, kidney, liver, and brain of mice and rats were measured after intravenous
injections of GACls solution at a concentration of 60 mg gadolinium metal/kg. The
ratus used was a WH 270 Brucker with a field of 63 kG. The T, was found to be 256
significantly decreased in plasma, kidney, and liver.
233
Contrast media may be used for three different purposes: (1) to differentiate "

normal from pathologic tissue, (2) to characterize pathologic tissue, and (3) to
or pathologic ontrast media that can
theoretically be used in nuclear magnetic resonance (NMR) can be divided into
three general groups: (1) products that can be detected directly by their gyro-
magnetic moment, such as fluorine, phosphorus, and sodium; (2) products that
modify photon density, such as alcohol and glucose; and (3) products that modify

the resonance of protons, such as free radicals and paramagnetic ions. We are 130

particularly interested in paramagnetic ions and the modifications they can Ay

produce to the spin-lattice relaxation time (T,) [1]. We chose to study gadolinium, 1

a rare-earth element that possesses the highest paramagnetic moment, 10.8 gy

Bohr magnetons [2]. Ll

Materials and Methods 051
037

First, we measured the toxicity of gadolinium in 19-20 g female Swiss mice (1 IOPS
strain) by intravenous injections of 20 or 30 g/L gadolinium chioride (GdCls) solutions [3-
5]. The median lethal dose (D) for GACls was 100-200 mg GdCly-6 H,0/kg (table 1).
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ing to 0.4 x 107* mol/L (molecular weight of gadolinium <156) should produce a T T 103
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gadolinium metal/kg, representing the approximate LD,
We used a Brucker WH 270 NMR apparatus. This apparatus is equipped with a
cryomagnet with a magnetic field strength of 65 kG, the frequency for analyzing the proton
is 270 MHz, and the field homogeneity is 10° for a volume of 1 cm’. We traced the
changes in '/T, responses as a function of increasing concentrations of gadolinium in
water. When graphed, this function has a siope of 12.8 sec ' /mmol/L solution. We also
traced the /T, responses as a function of increasing concentrations of gadolinium in
plasma (fig. 1) Yhu response of plasma s quua citfrent from waler, sinos the sope of the
function is 7.4 plas
ho affect was masked. s very probable that in blood ‘gadolinium forms complexes with
blood proteins that mask the paramagnetic effect.
We analyzed specimens taken from animals for modifications of T, of different organs.
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