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TITLE

“PHOSPHORYLATED CONTRAST AGENTS FOR MRI OF THE GI TRACT"

BACKGROUND OF THE INVENTION
Magnetic Resonance Imaging (MRI) is a relatively

new diagnostic imaging technique which employs a magnetic

.field, field gradients and radiofrequency energy to excite

protons and thereby make an image of the mobile protons in
water and fat. MRI has found many applications in imaging
the central nervous system, but abdominal applicatidns have
lagged seriously behind. One reason that abdominal MRI has
not been utilized more extensively has been the absence of a
suitable MRI contrast agent for the gastrointestinal tract.
Computed tomography (CT) is used more commonly for abdominal
imaging in part because.suitable contrast agents, chiefly
barium and iodine compounds, are available for use in such
imaging.

MRI contrast agents primarily act by affecting T1
or T2 relaxation of water protons. Contrast agents generally
shorten T1 and/or T2. When contrast agents shorten T1, this
increases signal intensity on Tl weighted images. When

contrast agents shorten T2, this decreases signal intensity

particularly on T2 weighted pulse sequences. To date several
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prototype gastrointestinal MRI contrast agents have been
developed to assist abdominal MRI, but none ofhthese have
been altogether satisfaétory.

For example, iron oxides which are strong T2
relaxation agents have been used as negative gastrointestinal
MRI contrast agents to decrease signal intensity in the
gastrointestinal tractll These agents, which predominantly
affect T2, have the disadvantages of magnetic susceptibility
artifacts which occurs as a result of the drastic effects on
local magnetic hbmogeneity kmagnetic susceptibility) caused

by these agents. Magnetic susceptibility artifacts make it

difficult to assess the bowel wall, bowel mesentery and

adjacent structures.

The paramagnetic MRI contrast agent gadolinium-DTPA
has also been tested as a positive gastrointestinal MRI
contrast agent to increase signal intensity on T1 weighted
images, but this agent has the drawback that decomplexation
and release of free gadolinium ion may occur in the
gastrointestinal tract wﬁich can be quite toxic.
Furthermore,’gadolinium-DTPA is relatively expensive.

Ferric iron has also been experimented with as an
oral gastrdintestinal MRI contrast agent. Ferric iron has
been administered in the form of ferric ammonium citrate
wherein the paramagnetié Fe+3 iron relaxes the water in the
bowel to make the bowel bright on T1 weiéhted images. Ferric
ammonium citrate is quite inexpensive but the resultant
gastrointestinal MRI contrast agent has been suboptimally

useful. To obtain reasonable contrast enhancement, a

R 7]
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relatively high dose of ferric iron is required, and some of
this iron is absorbed as it passes down the gastrointestinal
tract. Absorption of the iron creates two problems. First,
absorption of the iron may cause problems with iron toxicity
and iron overload. Second, as the iron is absorbed from the
gastrointestinal tract, the concentration of the contrast
agent decreases and the degree of contrast enhancement is
much less in the distal bowel.

The ideal contrast agent for the gastrointestinal
tract would affect both T1 and T2, causing the tract lumen to
appear bright on Tl weighted images and dark on T2 weighted

images. Tumors and other pathologic tissues generally have a

long T1 and a long T2, which is to say that these pathologic

tissues appear dark on Tl weighted images and bright on T2
weighted images. If the lumen could be filled with contrast
material which appeared bright on T1 weighted images and dark
on T2 weighted images, it would then be easy to differentiate
a normal gastrointestinal tract from any adjacent abnormal
tissues. The ideal contrast agent would also serve tor
minimize any toxicity problems, and be relatively
inexpensive.

The need is great for new gastrointestinal MRI
contrast agents, having some or all of the aforementioned
qualities. The present invention is directed to achieving

this important end.



WO 93/22670 ' : PCT/US92/03707

10

15

20

25

.-4-
SUMMARY OF THE INVENTION

The present invention is directed to magnetic
resonance imaging, and more,particula;ly to the use of a
contrast medium comprising a combination of at least one
polyphosphorylated aliphatic or cyclic compound of five or
more carbon atoms and at least one paramagnetic ion to image
the gastrointestinal ﬁegion of a patient.

Specifically, the present invention pertains to
methods of providing an image of the gastrointestinal region
of a patient comprising (i) administering to the patient the
aforementioned contrast medium, and (ii) scanning the patient

using magnetic resonance imaging to obtain visible images of

that region.

The present invention is further directed to
methods for diagnosing the presence of diseased tissue in the
gastrointestinal region of a patient comprising (i)
administering to the patient the aforementioned contrast
medium, and (ii) scanning the patient using magnetic
resonance imaging to obtain visible images of any diseased
tissue in the patient.

The present invention also provides diagnostic kits
for gastrointestinal imaging which include the subject
contrast medium.

The polyphosphorylated compounds, when employed in
combination with paramagnetic ions, provide highly effective
and relativeiy inexpensive contrast enhancement agents for
gastrointestinal magnetic resonance imaging. Unlike many of

the gastrointestinal agents of the prior art, where contrast
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enhancement has been either positive or negative, the present
invention provides a contrast agent that may impart both
positive and negative contrast. The polyphosphorylated
compounds used in the present invention serve to effectively
bind the paramagnetic ion, thereby minimizing the potential
for absorption of potentially toxic paramagnetic ion
throughout the gastrointestinal region. This means that not
only can a lower dose of paramagnetic ion be used for
contrast enhanced magnetic resonance imaging than would be
possible without polyphosphorylated compounds, but also that
a relatively uniform concentration of the ion can be achieved

throughout the gastrointestinal tract. Moreover, the poly-

phosphorylated compounds utilized in the present invention

have been found to enhance the relaxivity of the para-
magnetic ions. In the case of the combination of the
polyphosphorylated compound inositol hexaphosphate with the
paramagnetic agent ferric iron, for example, relaxivity in
the gastrointestinal region was found to increase by a factor
of almost three-fold in comparison with the use of ferric
iron alone. Simultaneously, the absorption of ferric iron in
the gastrointestinal tract was found to decrease by ovef 80%.

Heretofore, the use of such agents for gastrointestinal

‘imaging and the safe and highly effective contrast

enhancement achieved thereby, was neither disclosed nor
suggested.

These and other aspects of the invention will
become more apparent from the following detailed description

when taken in conjunction with the following figures.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. The T1 values for solutions ofrferric
citrate in combination with a concentration of 0.33 or 1.0
millimolar inositol hexaphosphate, and the T1 values for
solutions of ferric citrate without inositol hexaphosphate,
are shown. In each solution,. 2 weight % cellulose was
present, as well as 0.25 weight % xanthum gum. As the figure
reveals, there is an approximately three-fold effect on the
T1 relaxation times caused by the ferric iron and inositol
hexaphosphate combination, as compared to ferric iron without
the inositol hexaphosphate.

Figure 2. The T1 relaxation time of water alone,

and water with 0.33 millimolar inositol hexaphosphate are

shown. rThe addition of inositol hexaphosphate to the water
has no appfeciable effect on Tl relaxivity, at most causing a
mild prolonqationrof T1, but showing no improvement in T1
relaxivity.

Figures 3a and 3b. The T1 (Figure 3a) and T2

(Figure 3b) relaxation times of 1.0 millimolar concentra-

tion of ferric iron in combination with inositol hexa-

phosphate concentrations varying between 0.1 and 2.0

~millimolar are shown. The optimum ratio of ferric iron to

inositol hexaphosphate appears to be about 1 to 1 for

‘maximizing relaxivity.

Figures 4a and 4b. The T1 (Figure 4a) and T2
(Figure 4b) relaxation times of 1 millimolar solutions of
ferric iron with 1 millimolar inositol hexaphosphate at

varying pHs are shown. The T1 and T2 relaxation times are

3

F
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appreciably shorter between pH 4 and pH 10, which reflects a
stronger interaction with inositol hexaphosphate with ferric
iron over this range of pH values.

Figure 5. The T2 signal intensity on magnetic
resonance images is shown for phosphate buffered saline (PBS)
and a solution of 1 millimolar ferric iron with 1 millimolar
inositol hexaphosphate at a constant TR and at echo times
varying from 50 to 250 milliseconds. As shown in this
figure, the signal intensity of the ferric iron/inositol
hexaphosphate contrast agent falls much more rapidly than
saline. On a T2 weighted image of the gastrointestinal tract

containing concentrations of ferric iron/inositol

hexaphosphates greater than 1 millimolar (not shown), there

was an appreciable decrease in signal intensity of the fluid
in the bowel.

Figures 6a and 6b. The effect on Tl of ferric iron
with inositol hexaphosphate, and ferric iron with inositol
héxaphosphate and 2 weight % of cellulose (Figure 6a), and
the effect on T2 of ferric iron with 2 weight % of ceilulose
and 0.25 weight % xanthan gum, and ferric iron with inositol
hexaphosphate and 2 weight % cellulose and a 0.25 weight %
xanthan gum (Figure 6b) is shown. The addition of 2 weight %
cellulose to a solution of ferric iron and inositol
hexaphosphate causes a slight increase in T1 relaxivity.r The
presence of cellulose has an even greater effect on T2
relaxivity. |

Figure 7. The stacking phenomenon that is believed

to occur where an inositol hexaphosphate is combined with a
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paramagnetic ion is shown. In accordance with this theory,
the inositol hexaphosphate is believed to bind to a
paramagnetic ion, which in turn binds to another
polyphosphorylated compound, which in turn may bind to
another paramagnetic ion, which in turn may bind to another
phosphorylated compound, and so on, forming a copolymer of
varying length of the phosphorylated compound and the
paramagnetic ion. The stacking of three inositol

hexaphosphate compounds with the paramagnetic ion iron is

shown for illustration purposes.

DETAILED DESCRIPTION OF THE INVENTION

Any of the wide variety of biocompatible

polyphosphorylated aliphatic or cyclic compounds of at least

five carbon atoms that are known in the art may be employed

in the methods and kits of the present invention. The term
biocompatible,.used throughout the specification, is employed
in its conventionalrsense, that is, to denote compounds that
do not substantially interact with the tissues, fluids and
other components of the body in an adverse fashion in the
particular application of interest. The term
polyphosphorylated, used in connection with the compounds of
the present invention, denotes compounds containing two or
more phosphate (e.g., PO{S, P0§f1 of Pogfz) substituents.

The terms aliphatic and alicyclic, used hefein, are employed
in the conventional senée, that is, aliphatic dénotes herein

organic compounds having an open chain structure, and
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alicylic denotes herein organic compounds having a saturated
ring structure.

Preferably, the polyphosphorylated compounds of the
invention contain at least three phosphate groups, more
preferably at least four phosphate groups, even more pre-
ferably at least five phosphate groups, and most preferably
at least six phosphate groups. 1In the case of poly-
phosphorylated cyclic compounds, it is preferable that the
phosphate groups be located both above and below the plane of
the ring, that is, one pair of phosphate groups are located
trans to one another. Also, in the case of aliphatic

compounds, the compound is preferably at least about ten

carbon atoms in length, more preferably at least about

fifteen carbon atoms in length, even more preferably at least
about twenty carbon atoms in length, and most preferably at
least about thirty carbon atoms in length. Preferably, the
molecular weight of the phosphorylated aliphatic compound
would be in the range of about 20,000 to about 100,000, most
preferably between about 50,000 and about 100,000. In the
case of cyclic compounds, the cyclic compound preferably

contains at least six carbon atoms in its ring structure, and

. there may, if desired, be more than one carbon ring structure

in tandem, that is dimers ke.g., disaccharides), trimers,
oligomers, and polymers (e.g., polysaccharides). As will be
readily apparent to those skilled in the art, once armed with
the presentrdisclosure, there are a number of polyphosphoryl-
ated compounds that can be effectively employed in the

present invention, and any of such compounds, as well as any
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combinations thereof are intended to be within the scope of
the present invention.
Suitable bibcompatible polyphosphorylated aliphatic
compounds of at least five carbon atoms include biocompatible
aliphatic compounds which may be poly- phosphorylated, such

as biocompatible aliphatic compounds containing hydroxyl,

keto, amino, or unsaturated groups. Such biocompatible

‘aliphatic compounds include, but are not limited to,

polyphosphorylated polyvinyl alcohol, polyphosphorylated
polyethylene glycol, polyphosphorylated polypropylene glycol,
polyphosphorylated polystYrene, polyphosphorylated

polyacrylic acid, polyphosphorylated polymethacrylic acid,

polyphosphorylated copolymers of acrylic and methacrylic

acid, and various polyphosphorylated polyolefins.

Suitable biocompatible polyphosphorylated cyclic
compounds of at least five carbon atoms'ihclude, but are not
limited to: polyphosphorylated sugar alcohols such as
polyphosphorylated inositol, polyphosphorylated mannitol,
polyphosphorylaﬁed sorbitol, polyphosphorylated
pentaerythritol, polyphosphorylated galacitol,
polyphosphorylated adonitol, polyphosphorylated arabitol, and
polyphosphorylated xylitol; polyphoéphorylated monosacharides
such as polyphosphorylated glucose, polyphosphorylated
fructose, polyphosphdrylated mannose, polyphosphorylated

idose, polyphosphorylated galactose, polyphosphorylated

allose, polyphosphorylated altrose, and polyphosphorylated

arabinose; polyphosphorylated disaccharides such as

polyphosphorylated sucrose, polyphosphorylated maltose,
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polyphosphorylated cellobiose, and polyphosphorylated
lactose; and polyphosphorylated polysaccharides such as
polyphosphorylated cellulose, polyphosphorylated agarose,
polyphosphorylated lignan, and polyphosphorylated chitin.

5 For reasons of diagnostic efficacy and
biocompatibility, polyphosﬁhorylated inositol and/or
polyphosphorylated cellulose compounds are most preferred.

Such polyphosphorylated aliphatic and cyclic
compounds can be easily prepared from readily available

10 starting materials, usihg conventional synthesis tech-
niques, as will be apparent to those skilled in the art.
Conventional phosphorylating agents include such compounds as
’phosphorous chloride (mono-, di-, or tri-), phosphorous -
bromide (mono-, di-, or tri-), phosphorous oxychloride

15 (mono-, di-, or tri-), phosphorous oxybromide (mono-, di-, or
tri-), phosphorous pentaoxide, phosphoric acid, phosphorous
acid, and the anhydrides thereof, pyro- phosphoric acid,
aziridine phosphine oxide, choloroalkyl-phosphonic acid or
its derivatives, and phosphorous acid ester.

20 In éccordance with one preparatory protocol,
starting with an aliphatic or cyclic compound containing one
or more hydroxyl groups, for example, phosphorylatiqn can be
easily carried out by suspending the starting material in,
for example, chloroform, then adding a phosphoric ester

25 monochloride compound to the suspension, preferably dropwise.
Suitable phosphoric ester monochloride compounds include
ClP(0O) (OR),, wherein R is selected from, inter alia, C(O)CH3,

C(O)H, CH;, C,Hs, Cﬁg, CHy, and CH,C,Hs. The resulting
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phosphorylated compound can then be treated with water to
hydrolyze to the corresponding phosphonic acid derivatives.
Such hydrolyzed derivatives are inéluded within the scope of
the phrase phosphorylated compounds herein.

In another method for preparing the phosphoryl-
ated aliphatic and cyclic compounds of the invention, the
urea catalyzed phosphoric acid (or phoéphorous acid)
phosphorylation procedures may be conveniently utilized. 1In
this procedure, aliphatic or cyclic compounds are soaked with
mixtures of urea and phdSphoric acid (or phosphorous acid),
then heated to 120 °C, or higher.

In a further method, phosphorylation of compounds

such as polyvinyl alcohol can be carried out by dissolving

the polyvinyl alcohol in an organic solvent such as pyridine,
dimethylformamide, or dimethylsulfoxide with triethylamine,
and then adding dialkyloxyphosphoric monochloride ((RO),POC1)
to the solution. After phosphbrylation, the solutions are
hydrolyzed by adding water and acidifying with hydrochloric
acid. .Unbound phosphorous is then removed by passing the
solution through a column filled anion exchanger.

Other methods of phosphorylating various compounds
to produce phosphorylated compounds within the scope of the
present invention are disclosed, for example, in Sander et
al., J. Macromoi. Sci., Rev. Macromol. Chem., Vol. 2, pp. 57-
72 (1968), Leonard et al., J. App. Polymer Sci., Vol. V, pp.
157-162 (1961); Leonard et al., J. of Polymer Sci., V01. 55,
pp. 799-810 (1961), Schroeder et al., J. of Polymer Sci.,

Vol. XLVII, pp. 417-433 (1960), Kennedy et al., J. Appl.

L
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Chem., Vol. 8, pp. 459-464 (1958), Marvel et al., J. of
Polymer Sci., Vol. VIII, pp. 495-502 (1952), the disclosures
of each of which are hereby incorporated herein by reference,
in their entirety.

As a general matter, it is believed that the higher
the degree of phosphorylation in the aliphatic and cyclic
compounds, the more diagnostically effective and less toxic
is the contrast medium when employed as a gastrointestinal
contrast agent. For example, although all polyphosphorylated
inositol compounds can be employed in the imaging methods of
the invention, inositol hexa- phosphate is preferred over
inositol pentaphosphate, which in turn is preferred over
inositol tetraphosphate, which in turn is preferred over
inositol triphosphate. It is also believed that, for reasons
of diagnostic efficacy, a larger carbon chain is preferred
over a smaller one. Thus, for example, a six carbon
containing cyclic compound such as inositol polyphosphate is
preferred over a five carbon containing cyclic compound such
as arabinose polyphosphate, and a thirty carbon aliphatic
compound such as a thirty carbon polyvinyl alcohol is
preferred over a twenty carbon aliphatic compound such as a
twenty carbon polyvinyl alcohol.

As noted above, the polyphosphorylated aliphatic
and cyclic compounds are employed in combination with
paramagnetic ions. Suitable paramagnetid ions include, but
are not limited to, compounds comprising transition,
lanthanide and actinide elements, and any of the suitable

paramagnetic ions, and any combinations thereof, are intended
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to be within the scope of the present invention. rPreferable
of such elements are Gd(III);'Mn(II), Cu(II), Cr(III),
Fe(II), Fe(III), Co(II), Er(II), Ni(II), Eu(III), Yb(III) and
Dy(III). More preferably, the elements are Fe(III), GA(III),
Mn(II), Cu(II), Cr(III), Yb(III) and Dy(III), especially
Fe(III) and Mn(II). The paramagnetic iqns may be added, if
desired, as a salt, such as, for example, in the case of
ferric iron (Fe(III)), as ferric citrate, ferric chloride,
ferric acetate, ferricrglycerophosphate, ferric sulfate,
ferric phosphate, and ferric ammonium phosphate. The
preferable paramagnetic ions are Fe(III), added in the form
of ferric citrate, and Mn(II), added in the form of manganese
Ehloride, manganese acetate, mangahese sulfate or manganese
phosphate.

As noted above, combinations of paramagnetic ions
are within the scope of the present invention. Choice of
appropriaﬁe combinations of paramagnetic ions can increase
the ultimate relaxivity and contrast enhancement of the
contrést media of the present invention. By way of example,
an extremely good combinatibn of paramagnetic ions for the
contrast media of the present invention are ménganese and
iron. This combination takes into account the fact that
manganese is a better contrast agent than iron, that both are
absorbed from the gastrointestinal tract through similar
receptors, and that iron is preferentially absorbed over
manganese, a competitive absorption type of situation. The
inclusion of the iron would thus serve to minimize any

absorption of the more active manganese, resulting in a

+

™
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better contrast medium. This phenomenon is shown in Examples
6 and 7, below.

As one skilled in the art would recognize, wide
variations in the amounts of the polyphosphorylated compound
and paramagnetic ion can be employed in the methods and kits
of the invention, with the precise amounts varying depending
upon such factors as the mode of admin- istration (e.g.,
oral, rectal), and the specific portion of the
gastrointestinal tract for which an image is sought (e.g.,
the esophagus, stomach, rectum, etc). Preferably, however,

the paramagnetic ions are present in a concentration between

about 1 to about 4 millimolar. The polyphosphorylated

compounds are preferably present in a molar concentration of
between about 0.1 and about 3 times the molar concentration
of the paramagnetic ions. Most preferably, the molar
concentration of the poiyphospho- rylated alicyclic compounds
is about 1.0 times the molar concentration of the
paramagnetic ions. Most preferably, the molar concentration
of the phosphorylated aliphatic compounds is between about
0.1 and about 0.5 times the molar concentration of the
paramagnetic ions. The volume of contrast agent administered
to the gastrointestinal tract is preferably between about 500
to about 1000 cc, and is supplied in the form of an aqueous
solution.

The polyphosphorylated compounds and paramagnetic
ion compositions may be employed alone, if desired, as a
contrast medium for gastrointestinal magnetic resonance

imaging. Alternatively, if desired, they may be employed in
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conjunction with other biocompatible synthetic or natural

polymers. By the phrase in conjunction with it is meant that

the polymers may be simply added to the polyphosphorylated -

compound and paramagnetic ion mixture, or alternatively may

&

be bound to the polyphosphorylated compound by a covalent

. linkage, the binding being accomplished using conventional

methodology, such as, for exémple, by the procedures

described in Breitenbach et al., in Phytic Acid: Chemistry
and Applications, pp. 127-130, Gréf, ed., (Pilatus Press,

Minneapolis, Minnesota 1986), the disclosures of which are

incorporated herein by reference in their entirety.

Exemplary suitable synthetic polymers include polyethylenes

(such as, for example, polyethylene glycol), polyoxyethylenes
(such as, for example, polyoxyethylene glycol),
polypropylenes (such as, for example, polypropylene glycol),
pluronic acids and alcohols, polyvinyls (such as, for
example, polyvinyl alcohol), and polyvinylpyrrolidone.
Exemplary suitable natural polymers include polysaccharides.
Such polysaccharides include, for example, arabinans,
fructans, fucans, galactans, galacturonans, glucans, mannans,
xylans (such as, for example, inulin), levan, fucoidan,
carrageenan, galactocarolose, peétic acid, amylose, pullulan,
glycogen, amylopectin, ceilulose, carboxylmethylcellulose,
hydroxypropyl methylcellulose, dextran; pustulan, chitin,
algin, agarose, keratan, chondroitin, dermatan, hyaluronic
acid and alginic acid, and various other homopolymers or €
heteropolymers such as those containing one or more of the

following aldoses, ketoses, acids or amines: erythrose,
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threose, ribose, arabinose, xylose, lyxose, allose, altrose,
glucose, mannose, gulose, idose, galactose, talose,
erythrulose, ribulose, xylulose, psicose, fructose, sorbose,
tagatose, glucuronic acid, gluconic acid, glucaric acid,
galacturonic acid, mannuronic acid, glucosamine,
galactosamine and neuraminic acid. Algin has been found to
be a particularly useful polymer to use in conjunction with
the contrast media of the invention because this compound,
which binds about 300 times its weight in water and has a
slippery texture, hastens gastrointestinal transit and
promotes gastric emptying. Its use in conjunction with the
contrast media of the invention is illustrated in Example 7,
ﬁelow. As those skilled in the art will recognize armed with
the preéent disclosure, such polymers may be added in varying
amounts, as desired.

The polyphosphorylated compounds and paramagnetic
ion compositions of the invention may also be employed, if
desired, with other agents which effect T2 relaxation such as
bismuth, barium, kaolin, atapulgite, ferric oxide (either
uncoated or coated with, for example, dextran, algin,
cellulose, etc., for improving the suspension of the ferric
oxide particles), or stabilized gas (stabilized with, for
example, microspheres of polyvinylidene acrylo- nitrile
copolymers or acrylonitrile polymers of about 20 to about 100
microns in size).

If desired, in addition, the contrast medium of the
present invention may be utilized with biocompatible anti-

oxidant compounds. Suitable anti-oxidants include vitamin C
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(ascorbic acid), vitamin E (tocopherol), and retinoic acid.
Other suitable anti-oxidants will be readily apparent to
those skilled in the art. The anti-oxidants may be employed s

in certain applications to keep paramagnetic ions, such as

vy

manganese, in their more paramagnetically effective reduced
state, that is, for example, in the Mn(IIj state, rather than
the Mn(III) state. o T

The contrast medium utilized in thé gastro-
intestinal applications of the present invention may also be
employed with conventional biocompatiblé anti—gés agents. As
used herein the term anti-gas agent is a compound that serves
to minimize or decreaée gas formation, dispersion and/or
Adsorption. A number of such agents are available, including
antacids, antiflatulents, antifoaming agents, and
surfactants. Such antacids aﬁd antiflatulents include, for
example, activated cha:coal, aluminum carbonate, aluminum
hydroxide, aluminum phosphaté, calcium carbonate,
dihydroxyaluminum sodium carbonate, magaldrate magnesium
oxide, magnesium trisilicate, simethicone, sodium carbonate,
loperamide hydrochloride, diphenbxylate, hydrochloride with
atropine sulfaté, Kaopectate™ (kaolin) and bismuth salts.
Suitable antifoaming agents useful as anti-gas agents include
simethicone, protected simethicohe, siloxyalkylene polymers,
siloxane glycol polymers; polyoxypropylene-polyoxyethylene
copolymers, polyoxy- alkylene amines and imines, branched
polyamines; mixed oxyalkylafedralcohols, finely divided
silica either alone or mixed with dimethyl polysiloxane,

sucroglycamides (celynols), polyoxylalkylated natural oils,
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halogenated silicon-containing cyclic acetals, lauryl
sulfates, 2-lactylic acid esters of unicarboxylic acids,
triglyceride oils. Particles of polyvinyl chloride or silica
may also function as anti-foaming agents in the subject
invention. Suitable surfactants include perfluorocarbon
surfactants, such as, for example, DuPont ZonylTM
perfluoroalkyl surfactants known as ZonylTM RP or ZonylTM NF,
available from DuPont, Chemicals and Pigments Division,
Jackson Laboratory, Deepwater, NJ 08023. Of course, as those
skilled in the art will recognize, any anti-gas agents

employed must be suitable for use within the particular

biological system of the patient in which it is to be used.

The concentration of such anti-gas agents may vary widely, as
desired, as will be readily apparent to those skilled in the
art. Typically, however, such agents are employed in
concentrations of between about 20 and about 2000 ppm, most
preferably in concentrations between about 50 and about 1000
ppm.

The present invention is useful in imaging the
gastrointestinal region of a patient and in diagnosing the
presence of diseased tissue in that region. The imaging
process of the present invention may be carried out by (a)
administering to a patient a contrast medium comprising (i)
at least one polyphosphorylated compound comprising at least
five carbon atoms, and (ii) at least one paramagnetic ion,
and (b) then scanning the patient using magnetic resonance
imaging to obtain visible images of the gastrointestinal

region of a patient and/or of any diseased tissue in that
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region. The phrase'gastrointestinal region or
gastrointestinal tract, as used herein, includes the region
of a patient defined by the esophagus, stomach, small and »

large intestines, and rectum. The patient can be any type of

.,

mammal, but most preferably is a human.

As one skilled in the art would recognize,
administration may be oa;ried out in various fashions, such
as orally, rectally, intravascularly, uéing a variety of
dosage forms. Since the region to be scanned is the
gastrointestinal region, administration of the contrast

medium of the invention is preferably carried out orally or

rectally. The useful dosage to be administered and the

particular mode of administration will vary depending upon
the age, weight and the particular mammal to be scanned, the
particular portion of the gastrointestinal region to be
scanned, and the particular contrast medium to be employed.
Typically, dosage is initiated at lower levels and increas-ed
until the desired contrast enhancement is achieved. If
désired, a multiple dosing method of delivering the contrast
agents of the invention may be employed to provide uniformity
of enhancement throughout the gastrointestinal'tract, such as
is illustrated in Examples 6 and 7, below.

Kits useful for magneﬁic resonance imaging of the
gastrointestinal region in accordance with the present
invention comprise at least one phosphorylated compound
comprising at least five carbon atoms and at least one
paramagnetic ion, in addition to conventional proton magnetic

resonance imaging kit components. Such conventional proton
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magnetic resonance imaging kit components include those
described above, as well as other components which will be
readily apparent to those skilled in the art, once armed with
the present disclosure, such as those described in Weinmann
et al., U.S. Patent No. 4,719,098, the disclosures of which
are hereby incorporated by reference in their entirety.
Exemplary components which may be employed in the kit in
addition to the phosphorylated compounds comprising at least
five carbon atoms and the paramagnetic ions, include
polymers, anti-oxidants, anti-gas agents, various T2

relaxation agents, osmolality raising agents, viscosity and

bulking agents, buffering agents, and gastrointestinal

transit agents to decrease gastrointestinal transit time and
increase rate of gastro- intestinal emptying.

Such kit componenets as polymers, anti-oxidants,
anti-gas agents, and T2 relaxation agents have been described
in detail above.

Suitable osmolality raising agents include polyols
and sugars, for example, mannitol, sorbitol, arabitol,
xylitol, glucose, sucrose, fructose, and saccharine, with
mannitol and sorbitol being most preferred. The
concentration of such osmolality raising agents may vary, as
desired, however, generally a range of about 5 to about 70
g/l, preferably about 30 to about 50 g/l of the contrast
medium. Such compounds may also serve as sweeteners for the
ultimate formulation, if desired.

Suitable viscosity and bulking agents include the

polymers described in detail above, as well as other agents
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which are well known in the art to provide viscosity and
bulking. Particularly ﬁseful are alginates, xanthan gum,
guar, peétin, tragacanth, basSorin, karaya, gum arabic,
casein, gelatin, sodium_carboxymethylcellulose,

methylcellulose, methylhydroxycellulose, bentonite, collodial

silicic acid, and various anti-diarrhetic preparations. Such -

compounds may be emplojed in varying amounts, as those
skilled in the art would recognize, but preferably are
employed in amounts of about 2 to about 40 g/1, pfeferably
about 10 to about 30 é/l*of the contrast medium.

Buffering agents, that is buffers, buffer mixtures
and bases, may be utilized to stabilize the phosphorylated
éompound and paramagnetic ion complex with réspect to the
acidic stomach content. Such buffering agents include
tris(hydroxymethyl)aminomethane (2-amino-2-hydroxymethy1-1,3-
propanediol, trometaﬁol), sodium dihydrogen
phosphate/disodium hydrogen phoéphate, citric acid/disodium
phosphate, etc., with trometamol being preferred. Other
suitable buffering agents include all physiologically
compatible organic and inorganic bases, e.qg., sodium
carbonate, calcium carbonate, amino sugars (e.g.,
glucosamine), amino alébhols (e.g., methyl- glucamine), amino
acids (e.g., arginine, iysine), and the like. The desired pH
range is about 3 to about 9 pH units, preferably about 4 to
about 9 pH units in the gastrointestinal region to be imaged.
In view of the stfoné bindihg capébilities, relatively
speaking, of the phosphorylated compounds, such buffering

agents may be unnecessary. If employed, the buffering agents

»
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may be used in varying amounts, as will be readily apparent
to those skilled in the art, generally in concentrations
between about 5 and about 40 mmol/l.

Gastrointestinal transit agents to decrease
gastrointestinal transit time and increase rate of
gastrointestinal emptying include algin, as well as many of
the compounds listed above as viscosity and bulking agents,
with algin being most preferred. The amount of such agents
will, of course, vary as those skilled in the art will
recognize, but generally will be employed in an amount of
between about 5 and about 40 mmol/l.

The magnetic resonance imaging techniques which are

employed are conventional and are described, for example, in

D.M. Kean and M.A. Smith, Magnetic Resonance Imaging:
Principles and Applications, (Williams and Wilkins, Baltimore
1986). Contemplated MRI techniques include, but are not
limited to, nuclear magnetic resonance (NMR) and electronic
spin resonance (ESR). The preferred imaging modality is NMR.
Phosphorylated compounds utilized in the gastro-
intestinal imaging methods of the present invention have been
found to enhance the relaxivity of the paramagnetic ions with
which they are combined. In the case of the combination of
the phosphorylated alicyclic compound inositol hexaphosphate
with the paramagnetic agent ferric iron, for éxample,
relaxivity in the gastrointestinal region was found to
increase by'a factor of almost three-fold in comparison with
the use of ferric iron alone (Figure 1). As shown in Figure

6, the T2 relaxation effects may be further enhanced by using
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a combination of inositol hexaphosphate and cellulose with
the paramagnetic ion ferric iron. The combination of
phosphdrylated compbund and paramagnetic ion of the present
invention may act to both increase signal intensity on Tl
weighted gastrointestinal images and decrease signal
intensity on T2 weighted géstrointestinal images, providing
both positive and_negafive contrast, an ideal characteristic
for a gastrointestinal contrast agent.

The greatly enhanced relaxivity resulting from, for

example, the combination of ferric iron with inositol

hexaphosphate in gastrointestinal imaging, has never been

reported and is indeed unexpected. Generally, when a

paramagnetic ion is bound by a complexation agent (a ligand),
there is a reduction in relaxivity caused by shielding of the
paramagnetic centers from water. An example is gadolinium-
DTPArwherein the complex has about one-half the relaxivity of
free gadolinium ion. It is unexpected that a phosphorylated
compound, such as, for example, inositol hexaphosphate, might
improve the relaxivity of, for example, iron or manganese so
dramatically.

~ Although not intending to be bound by any theory or
mechanism of operafion, it is believed that the
phosphorylated.compoundé émployed in the gastrointestinal
imaging methods of the invention may act to improve the
relaxivity of the paramagnetic ions by slowing the
correlation time of the iron, that is, by slowing down the
rate at which the iron is tumbling in sdlution, rather than

by some cross relaxation mechanism. As shown in Figure 2,
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inositol hexaphosphate appears to have little, if any,
significant effect on the relaxation rate of water. If
cross-relaxation were the dominant mechanism responsible for
the increase in relaxivity with the iron plus inositol
hexaphosphate contrast medium, then the inositol hexa-
phosphate alone should have some measure of relaxation effect
on water. Moreover, when the inositol hexaphosphate is added
to the solution of ferric iron as shown in Figure 1, there is
a dose related effect on relaxivity. This change in
relaxivity may reflect the inositol hexaphosphate binding the
iron and slowing the tumbling rates, resulting in armore
favorable correlation time of the iron such that the
felaxivity of the iron is enhanced. Further to this theory,
it is believed that when the paramagnetic ions are added to
the polyphosphorylated aliphatic and alicyclic compounds, a
stacking phenomenon tends to occur wherein a
polyphosphorylated compound binds to a paramagnetic ion,
which in turn binds to another polyphosphorylated compound,
which in turn binds to another paramagnetic ion, which in
turn binds to another phosphorylated compound, and so on,
forming in essence a “copolymer" of the phosphorylated
compound "monomer" and the paramagnetic ion "monomer". This
stacking phenomenon ("copolymer" formation) is schematically
illustrated in Figure 7. It is believed that the stacking
phenomenon may, at least in part, account for highly
diagnostically effective properties of the preferred

compounds of the present invention, providing slower tumbl-
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ing rates, more favorable correlation times and enhanced
relaxivity.

Another advantage df the present invention is that
a smaller amount of the paramagnetic ion is absorbed in the
gastrointestinal tract when the phosphérylated compounds are
employed'in combination therewith. For example, the
absorption of ferric iron in the gastrointestinal tract was
found to decrease by over 80% when empldyed in combination
with inositol hexaphosphate.

One benefit to patients'utilizingrthe present

invention is that a lower dose of contrast agent is needed to

produce clinically useful contrast enhancement of the

~gastrointestinal tract. It is possible to achieve the same

pattern of enhancement in the gastrointestinal region using para-
magnetic agent without a phosphorylated compound, but an
approximately three—fdld higher concentration of para-

magnetic ionrmay have to be utilized, and such a high amount

of paramagnetic ion may prove toxic. Moreover, where only a

paramagnetic agent is used, absorption of the paramagnetic

ion may be a problem, not only in causing toxicity, but may

also result in diminished contrast in the distal portion of

‘the gastrointestinal tract.

The present invention is further described in the
following Examples. These Examples are not to be construed

as limiting the scope of the appended Claims.

<t
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Examples
Example 1

A contrast medium was formulated by preparing a 900
cc aqueous solution containing 120 mg of ferric ammonium
citrate With 720 mg of inositol hexaphosphate (1 to 1 molar
ratio of ferric iron to inositol hexaphosphate), and was
orally ingested by a human test volunteer. T1 and T2
weighted spin echo images of the abdomen were obtained using
magnetic resonance imaging. High signal intensity was

observed on both the Tl and T2 weighted images.

Example 2

A contrast medium was formulated by preparing a 900
cc aqueous solution containing 200 mg of ferric ammonium
citrate with 1200 mg of inositol hexaphosphate (1 to 1 molar
ratio of ferric iron to inositol hexaphosphate), and was
orally ingested by a human test volunteer. Images were taken
of the gastrointestinal region of the volunteer using
magnetic resonance imaging, both pre and post ingestion. The
images revealed greatly enhanced contrast of the
gastrointestinal region post ingestion, particularly in the
stomach and small intestine (including the duodenum) areas,
with high signal intensity on the T1 weighted images (high
positive contrast) and somewhat low signal intensity (slight
negative contrast) on the T2 weighted images in the

gastrointestinal lumen being observed.



WO 93/22670 , PCT/US92/03707

10

15

20

25

- 28 -
Example 3

The procedures of Exémplerz were substantially
repeated, exéept'that in addition to the ferric ammonium
citrate and inositol hexaphosphate, 9 g of phosphorylated
cellulose (1% by wéight) was added to the solution. The
results, following imaging, were substantially similar to
Example 1, except that even iower signal 'intensity (higher
negative contfast) on the T2 Weighted images was observed.
Example 4

A contrast medium was formulated by preparing a 1
liter agueous solution containing 5.6 mg of manganese (1I1)
chloride (approximately 0.1 mM manganese) and 0.3 mM inositol
hexaphosphate (an approximate 1 to 3 molar ratio of manganese
to inositol héxaphoéphate),'and was orally ingested by a
human test volunteer. Images were taken of the
gastrointestinal region of the volunteer using magnetic
resonance imaging. The resultant images showed slight high
signal intensity on the Tl weighted images, but no appreci-
able contrast on the T2 weighted images. |
Example 5

Three separaté'contrast media were formulated by
preparing aqueous solutions containing, respectively, 20, 30
and 40 mg of manganese (II) per liter, each containing a
three-fold excess of inositol hexaphosphate in an iso-osmotic
solution. The osmolality of the solution Was adjusted to
about 300 mosm using sorbitol and polyethylene glycol. 1In
addition, approximately 2 grams of vitamin C per liter was

added to each solution to minimize oxidation of the Mn (II)
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to the less favorable relaxation state of Mn (III). Xanthan
gum (0.25 weight %) was also added. Each solution was then
ingested by a different human test volunteer, and images were
taken of the gastrointestinal region using magnetic resonance
imaging. 1In each case, the solution showed high signal
intensity on the Tl weighted images of the bowel with the
region of enhancement extending from the stomach into the
distal small bowel. On the T2 weighted images, the
preparations with 30 and 40 mg of manganese per liter showed
low signal intensity on the T2 weighted images which was more
pronounced for the concentration of 40 mg per liter of

manganese. Even at a concentration of 40 mg manganese per

liter, however, the distal portion of the small bowel still

appeared bright on the T2 weighted images.
Example 6

Three separate contrast media were formulated by
preparing aqueous solutions in three separate bottles of 300
cc each. Bottle #1 contained 60 mg of manganese (II) and 60
mg of iron (II) per liter, and a three-fold excess inositol
hexaphosphate in an iso-osmotic solution. Bottle #2
contained 50 mg of manganese (II) and 50 mg of iron (II) per
liter, and a three-fold excess inositol hexaphosphate in an
iso-osmotic solution. Bottle #3 contained 40 mg of manganese
(II) and 40 mg of iron (II) per liter, and a three-fold
excess inositol hexaphosphate in an iso-osmotic solution.
The contents of each of the three bottles were then ingested
over a short period of time by a human test volunteer, in the

order of bottle #1 first, then bottle #2, and finally bottle
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#3, and images were taken of the gastrointesﬁinal region
using magnetic resonance imaging. Enhancement was found to
be much more—uniform with positive contrast on T1 and
negative contrast on T2 weighted images. Enhancement in the
colonrarea, however, was less than desired.
Example 7

Thfee separaté contrast media were formulated by
preparing aqueous solutions in three separate bottles of 300
cc each. Bottle #1 contained 75 mg of manganese (II), 75 mg
of iron (II) per liter, a three-fold excess inositol

hexaphosphate, 2 g vitamin C, 0.75 weight % algin, and 0.25

weight % xanthan gum. Bottle #2 contained 60 mg of manganese

(IT), 60 mg of iron (II) per liter, a three-fold excess
inositol hexaphosphate, 2 g vitamin C, 0.5 weight % algin,
and 0.25 weight % xanthan gum. Bottle #3 contained 50 mg of
manganese (II), 50 mg of iron (II) per liter, a three-fold
excess inositol hexaphosphate, 2 g vitamin C, 0.3 weight %
algin, and 0.25 weight % xanthan gum. Osmolality of each
solution was adjusted to aboﬁt 300 mosm using 1% sorbitol and
2% polyethylene glycol in each bottle. The contents of each
of the three bottles weré then ingested over a short period
of time by a human test volunteer, in the order of bottle #1
first, then bottle #2, and finally bottle #3, and images were
taken of the gastrointestinal region using magnetic resonance
imaging.r Enhancement was found to be even much more uniform
than in Example 6, with positive contrast on Tl and negative
contfast on T2 weighted images. Enhancement was visualized

throughout the entire gastrointestinal tract.
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Various modifications of the invention in addition
to those shown and described herein will be apparent to those
skilled in the art from the foregoing description. Such
modifications are also intended to fall within the scope of

5 the appended Claims.
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CLAIMS
What is claimed is:
1. A method of providing an image of the

gastrointestinal region of a patient comprising
| (a) administering to the patient a-
contrast medium comprising (i) a polyphosphorylated aliphatic
or cyclic compound comprising ét least five carbon atoms, and
(ii) a paramagnetic ion, and .
(b) scanning the patient using magnetic
resonance imaging to obtain visible imagesrof that region.
2. A method according to Claim 1 wherein
caid phosphorylated compoUndrccmprises a polyphosphorylated
cyclic compound. |
3. A methoa according to Claim 2 wherein
said polyphosphorylated cyclic compound is selected from the
groﬁp consiéting of polyphosphorylated inositol,
polyphosphorylatéd mannitol, polyphosphorylated sorbitol,
polyphosphorylated pentaerythritol, polyphosphorylated
galacitol,'polyphosphcrylated adonitol, polyphosphorylated
arabitol, polyphosphofylated xylitol, polthosphorylated
glucose, polyphosphorylated fructose, polyphosphorylated
mannose, polyphosphorylated idose, polyphosphorylated
galactose, polyphosphorylated allose, polyphosphorylated
altrose, polyphosphorylated érabinose, polyphosphorylated
sucrose, polyphosphorylated maltose, polyphosphorylated

cellobiose, polyphosphorylated lactose, polyphosphorylated
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cellulose, polyphosphorylated agarose, polyphosphorylated
lignan, and polyphosphorylated chitin.

4, A method according to Claim 3 wherein
said polyphosphorylated cyclic compound is inositol
hexaphosphate.

5. A method according to Claim 3 wherein
said polyphosphorylated cyclic compound is polyphosphorylated
cellulose.

6. A method according to Claim 1 wherein
said polyphosphorylated compound comprises a poly-
phosphorylated aliphatic compound.

7. A method according to Claim 6 wherein

said polyphosphorylated aliphatic compound is selected from

the group consisting of polyphosphorylated polyvinyl alcohol,
polyphosphorylated polyethylene glycol, polyphosphorylated
polypropylene glycol, polyphosphorylated polystyrene,
polyphosphorylated polyacrylic acid, polyphosphorylated
polymethacrylic acid, and polyphosphorylated copolymers of
acrylic and methacrylic acid.

8. A method according to Claim 1 wherein
said paramagnetic ion is selected from the group consisting
of transition, lanthanide and actinide elements.

9. A method according to Claim 8 wherein
said paramagnetic ion is selected from the group consisting
of GA(III), Mn(II), Cu(II), Cr(III), Fe(II), Fe(III), Co(II),

Er(II), Ni(II), Eu(III), Yb(III), and Dy(III).
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10. A method according to Claim 9 wherein
said paramagnetic ion is selected from the group consisting
of Fe(III) and Mn(IT). |

11. A method according to Claim 1 wherein
said polyphosphorylated compound is selected from the group
consisting of inositél hexaphosphate and polyphosphorylated
cellulose, and wherein said paramagnetic ion is selected from
the group consisting of Fe(III) and Mn(II).

12. A method for diagnosing the presence of
diseased tissue in the gastrointestinal region of a patient
comprising

(a) administering to the patient a

contrast medium comprising (i) a polyphosphorylated aliphatic

or cyclic compound comprising at least five carbon atoms, and
(ii) a paramagnetic ion, and

(b) scanning the patient using magnetic
résonance imaging to obtain visible imageé of any diseased
tissue in the patient.

13. A method according to Claim 12 wherein
saidrpolyphosphorylated compound comprises a poly-
phosphorylated cyciic compound.

14. A method according to Claim 13 wherein
said polyphosphorylated cyclic compound is selected from the
group consisting of polyphoéphorylated inositol,
polyphosphorylated mannitol, polyphosphorylated sorbitol,
polyphosphorylated pentaerythritol, polyphosphorylated
galacitol, polyphosphorylated adonitol, polyphosphorylated

arabitol, polyphosphorylated xylitol, polyphosphorylated
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glucose, polyphosphorylated fructose, polyphosphorylated
mannose, polyphosphorylated idose, polyphosphorylated
galactose, polyphosphorylated allose, polyphosphorylated
altrose, polyphosphorylated arabinose, polyphosphorylated
sucrose, polyphosphorylated maltose, polyphosphorylated
cellobiose, polyphosphorylated lactose, polyphosphorylated
cellulose, polyphosphorylated agarose, polyphosphorylated
lignan, and polyphosphorylated chitin.

15. A method according to Claim 14 wherein
said polyphosphorylated cyclic compound is inositol
hexaphosphate.

16. A method according to Claim 14 wherein
éaid polyphosphorylated cyclic compound is poly-
phosphorylated cellulose.

17. A method according to Claim 12 wherein
said polyphosphorylated compound comprises a poly-
phosphorylated cyclic compound.

18. A method according to Claim 17 wherein
said polyphosphorylated cyclic compound is selected from the
group consisting of polyphosphorylated polyvinyl alcohol,
polyphosphorylated polyethylene glycol, polyphosphorylated
polypropylene glycol, polyphosphorylated polystyrene,
polyphosphorylated polyacrylic acid, polyphosphorylated
polymethacrylic acid, and polyphosphorylated copolymers of
acrylic and methacrylic acid.

19. A method according to Claim 12 wherein
said paramagnetic ion is selected from the group consisting

of transition, lanthanide and actinide elements.
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©20. A method according to Claim 19 wherein
said paramagnetic ion is selected from the group consisting
of GA(III), Mn(II), Cu'(II), Cr(III), Fe(II), Fe(III), Co(II),
Er(II), Ni(II), Eu(III), Yb(III), and Dy(III).

21. A method according to Claim,zo wherein
said paramagnetic ion is selected from the group consisting
of Fe(III) and Mn(II).

22. A methbd according to Claim 12 wherein
said polyphosphorylated compound is selected from the group
consisting of inositol hexaphosphate and polyphosphorylated

cellulose, and wherein said paramagnetic ion is selected from

the group consisting of Fe(III) and Mn(II).

23. A kit for magnetic resonance imaging of
the gastrointestinal region cdmprising a pﬁlyphosphorylated
aliphatic or cyclic compound, and a paramagnetic ion.

| 24. Arkit according to Claim 23 further
comprising conventional magnetic resonance imaging kit
components.

| 25. A kit according to Claim 24 wherein the
polyphosphorylated compound is selected from the group
consisting of inositol hexaéhosphate and polyphosphorylated
cellulose, and wherein séid‘béfamagnetic ion is selected from
the group consisting of Fe(III) and Mn(II).

26. A kit according to Claim 24 wherein said
conventional magnetic resonance imaging kit components are
selected from the group consisting of polymers, anti-

oxidants, anti-gas agents, T2 relaxation agents, osmolality
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raising agents, viscosity and bulking agents, buffering
agents, and gastrointestinal transit agents.

27. A polyphosphorylated aliphatic or cyclic
compound and a paramagnetic ion for use in magnetic resonance

5 imaging of the gastrointestinal region.

28. The use of a polyphosphorylated aliphatic
or cyclic compound and a paramagnetic ion in the manufacture
of a product for magnetic resonance imaging of the

gastrointestinal region.
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Claims Nos.:
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Claims Nos.:
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D No protest accompanied the payment of additional search fees.
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING

This ISA found multiple inventions as follows: _

I Claims 1, 2, 6-10, 12, 13, 17-21, 23, 24, and 26, drawn to a method of obtaining an in vivo
magnetic resonace image (MRI) comprising administering a polyphosphorylated aliphatic compound and a paramagnetic
ion, classified in Class 128, subclass 653CA.

Claims 1, 2, 8-10, 12, 12, 19-21, 23, 24, and 26 are generic to two or more of the grouped inventions and as
such may be p]acéd in more than one of the designated groups. However, they will be examined to the extent that they
read upon the elected invention.

Clearly, a reference which would anticipated Group I would not necessarily anticipate or event make obvious
the invention(s) of Group II. Further, the searches of the inventions are not co-extensive, particularly with regard to
the literature search required and would constitute an undue burden for the Examiner. One skilled in the art could
readily practice the invention of Group I without practicing or infriging the invention(s) of Group II. - Since Groups I
and II represent chemically independent and distinct compounds, each is capable of supporting its own patent.

Because these inventions are distinct for the reasons given above and have acquired a separate status in the art

as shown by their different classification, restriction for examination purposes as indicated is proper.
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