20047054637 A2 | I 0 0 OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2004/054637 A2

1 July 2004 (01.07.2004)
(51) International Patent Classification’: A61M
(21) International Application Number:
PCT/US2003/035762

(22) International Filing Date:
7 November 2003 (07.11.2003)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/432,879
Unassigned

12 December 2002 (12.12.2002)
5 November 2003 (05.11.2003)

Us
UsS

(71) Applicant: BIOPHYSICA, INC. [US/US]; 3333 N. Tor-
rey Pines Court, Suite 100, La Jolla, CA 92037-1023 (US).

(72) Inventors: SOVAK, Milos; 5475 La Crescenta, Ranch
Santa Fe, CA 92067 (US). SELIGSON, Allen, L.; 17826
Rancho del Sol, Ramona, CA 92065 (US). TERRY,
Ronald, C.; * (¥%).

(74) Agents: FLIESLER, Martin, C. et al.; Fliesler Meyer
LLP, Four Embarcadero Center, Suite 400, San Francisco,
CA 94111-4156 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE,
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR,
K7, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,
MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE,
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: CONTRAST MEDIA FORMULATIONS HAVING IMPROVED BIOLOGICAL TOLERANCE

O (57) Abstract: This invention comprises new formulations of radiographic contrast media including dimeric non-ionic media, with
an organic amine and a carboxylic acid. Formulations of this invention increase the biological tolerance of such media, thereby

=

increasing their safety.



WO 2004/054637 PCT/US2003/035762

1

CONTRAST MEDIA FORMULATIONS HAVING
IMPROVED BIOLOGICAL TOLERANCE

Claim of Priority
This application claims priority to U.S. Provisional Patent Application No.

60/432,879, filed on December 12, 2002, which is hereby incorporated by reference in

its entirety.

Field of the Invention

This invention deals with radiographic contrast media (RCM). Specifically,
this invention relates to dimeric non-ionic contrast media and especially a dimeric
primary carboxamide iosimenol and methods for improving biological tolerance by

formulating such media in buffers containing organic amines and carboxylic acids.

BACKGROUND

Radiographic contrast media are indispensable tools of medical imaging of the
body cavities and organ systems. They are typically given as highly concentrated
solutions and in large volumes and thus must possess a high degree of biological
tolerance. RCM must be nontoxic. Because of the large volumes used, RCM can
feasibly be sterilized only by standard autoclaving, i.e. 20 minutes at 121°C. While
chemo-physically stable at physiological pH and ambient temperatures, at high
temperatures all RCM, including the dimeric non-ionic RCM such as iosimenol
(N,N’-Bis[3-carbamoyl-5-(2,3-dihydroxypropyl-carbamoyl)-2,4,6-triiodophenyl]-
N,N’-bis(2,3-dihydroxypropyl)-malonamide), which contain a hydroxy group in the
B-position of the N-hydroxyalkyl group, unless at acidic pH, can partially decompose
as indicated by the release of free iodide. The emergence of high levels of free iodide
compromises the thyroid functions and would therefore be undesirable. Although a
number of conventional buffers such as citrates and other carboxylates, lactates,
carbamates, acetate/acetic acid, phosphates, glycine and the like have a broad use in

the preparation of many parenteral solutions, they do not prevent destabilization of



WO 2004/054637 PCT/US2003/035762

2

RCM exposed to high temperature during autoclaving, especially at pH ranges over

7.0.

Intravenous pharmaceuticals are conventionally buffered to a physiologically
acceptable pH range of 5.5-7.5. Aqueous solutions of all RCM in clinical use are
usually buffered with organic amines such as TRIS and a mineral acid such as HCI,
with a small amount of a chelating agent such as Ca/Na EDTA added. When organic
carboxylic ‘acids are used alone, they are known to destabilize RCM at higher
temperatures, thereby resulting in their partial destruction. According to the prior art,
addition of an organic amine with carboxylic acid to the RCM in a neutralizing,
equivalent ratio, improves the stability of RCM during autoclaving and storage.
However, this approach is not applicable to every RCM, and specifically was shown
not to work for iosimenol. If formulated according to the prior art methods with a
carboxylic acid neutralized by an amine, iosimenol under autoclaving unexpectedly
became less stable than when formulated in TRIS with a carboxylic acid in ratios

where TRIS prevailed, or in a commonly used TRIS/HCI buffer.

SUMMARY
The present invention is based on the unexpected finding that dimeric non-
ionic contrast media, such as iosimenol, in newly discovered formulations containing
a carboxylic acid, such as citric acid, and an amine in excess tolerated autoclave
sterilization, while the systemic biological tolerance of such formulations was
unexpectedly and significantly increased compared to standard formulations. In
certain embodiments, the ratio of the amine and acid is selected to provide greater

biological tolerance.

DETAILED DESCRIPTION
This invention pertains to novel application of certain unique properties of
dimeric non-ionic contrast media (RCM), such as iosimenol, which while based on

primary carboxamides, represents a new class of RCM. Iosimenol in aqueous
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solutions, like other RCM, is used in large volumes for injections into the
cardiovascular and other organ systems and body cavities. Since RCM are diagnostic
devices and drugs only by default, they should be as biologically inactive as possible,
a goal to which a search for improved formulations should contribute. Embodiments
of this invention improve upon the prior art formulations in that they provide greater
biological tolerance when given in the typically large amounts needed for
radiographic uses. Although there has been extensive work carried out to improve
RCM, prior art methods of formulation may not have been optimized. In particular, as
described above, formulating' dimers such as iosimenol with buffers containing
amines and an inorganic acid, as in prior art RCM, has not provided the optimal
biological tolerance.

In general, the decomposition of RCM can be substantially reduced by buffer
systems that lower the pH during autoclaving. Such temperature dependent buffers
comprise the prevalent formulation of the clinically used RCM, and make use of
certain amines, including tromethanol (TRIS), typically added in concentrations
varying from 10-20 mM (Rakli et al., US Patent 4,396,597, incorporated fully by
reference). Unlike inorganic buffers, TRIS/HCI transiently decreases pH during
autoclaving and the solution’s pH returns to the starting value once the ambient
temperature has been reached. Significantly, however, the inventors of the above
patent stated, “in formulating the solutions for autoclaving with TRIS, it is generally
preferred to ensure that no anions such as carboxylates be present.”

German Patent DE19648650C2 with the priority of 290196 by Sachse et al.
(incorporated herein fully by reference) stated that they improved the stability of a
number of parenteral preparations including RCM, by addition of at least one organic
acid, including a carboxylic acid, to TRIS or N-methyl glucamine. To demonstrate the
advantage of such combined buffers for the purpose of increasing the stability, the
inventors of the above patent used a known nonionic monomer RCM, iopromide.
They demonstrated by examples that with pH adjusted from 6.5 to 7.5, following
standard autoclaving, iopromide formulated in TRIS and a variety of carboxylic acids,

always in equivalent molar ratio, has released substantially less iodide (indicative of
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decomposition) than when formulated with TRIS/HCI buffer. Having assumed that
this finding would be applicable to all RCM and any ratio of an organic amine and an
organic acid, the authors have published a corresponding general claim which does
not mention the equivalent molar ratio but only a mix of amine and an organic acid,
for the previously stated purpose of increasing the stability of RCM.

We found that improved stability as found for prior art monomeric RCMs does
not apply to dimeric non-ionic contrast media, including iosimenol. At a pH in the
range of about 6.5 to 7.5 in a buffer containing 20 mM TRIS and 5 mM citric acid,
iosimenol is always somewhat less or equally stable than when autoclaved with the
TRIS/HCI buffer or with TRIS/citrate in molar equivalent ratio (Table 1). This means
that the stability of dimeric non-ionic contrast media such as iosimenol is not
improved by combining TRIS with citric acid in molar equivalent concentrations and
that the molecular structure of iosimenol, which differs conceptually from other
RCM, is not subject to the stability improvement of monomeric non-ionic RCM in
TRIS/citrate buffers as disclosed by Sachse et al.

Thus, in certain embodiments of this invention, the molar ratio of TRIS to
citrate is above about 3:1. In alternative embodiments, the ratios are above about 3 to
about 10, above 3 to about 9, above 3 to about 8, above 3 to about 7, above 3 to about
6, above 3 to about 5, and above 3 to about 4. Thus, if the TRIS concentration is 10
mM, the citrate concentration should be below about 3.3 mM, if the TRIS
concentration is 20 mM, the citrate concentration should be below about 6.6 mM, and
if the TRIS concentration is 30 mM, the citrate concentration should be below about
10 mM. In other embodiments which comprise organic amines and/or carboxylic
acids having different numbers of equivalents than TRIS (3 equivalents per mole) or
citric acid (1 equivalent per mole), the ratio of equivalents of organic amine to
carboxylic acid is desirably greater than 1:1 (i.e., the amine is in an excess of
equivalents compared to the carboxylic acid).

Because dimeric non-ionic contrast media such as iosimenol have twice the
number of iodine atoms per mole of RCM, the total molecular concentration of RCM

in a solution is less than that for a monomeric RCM having the same iodine
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concentration. Thus, for a given total iodine concentration, the osmolality of the
dimeric RCM is always less than that of the monomeric RCM. To ensure that the
solution that is used clinically has a physiological osmotic pressure, such RCM
solution can comprise other physiologically acceptable materials, such as increased
concentrations of TRIS or the buffers of this invention or inorganic or organic
physiologically acceptable salts.

To manufacture formulations as described above, a dimeric RCM is combined
with a buffer comprising a carboxylic acid and an amine. Thus, in certain
embodiments of this invention, the molar ratio of TRIS to citrate is above about 3:1.
In alternative embodiments, the ratios are above about 3 to about 10, above 3 to about
9, above 3 to about 8, above 3 to about 7, above 3 to about 6, above 3 to about 5, and
above 3 to about 4. Thus, if the TRIS concentration is 10 mM, the citrate
concentration should be below about 3.3 mM, if the TRIS concentration is 20 mM,
the citrate concentration should be below about 6.6 mM, and if the TRIS
concentration is 30 mM, the citrate concentration should be below about 10 mM. In
other embodiments which comprise organic amines and/or carboxylic acids having
different numbers of equivalents than TRIS (3 equivalents per mole) or citric acid (1
equivalent per mole), the ratio of equivalents of organic amine to carboxylic acid is
desirably greater than 1:1 (i.e., the amine is in an excess of equivalents compared to
the carboxylic acid). After formulation, the mixture is sterilized, such as by
autoclaving and then is packaged.

To use the formulations of this invention, a subject is prepared for radioscopic
examination, and a desired amount of dimeric RCM in a buffer comprising a
carboxylic acid and an amine. Formulations can be injected intravenously, or into any
desired body cavity. When the formulation of RCM has been distributed sufficiently,
radioscopic examination of the organ or tissue is then carried out using conventional
methods (e.g., such as x-ray).

It can be appreciated that in addition to iosimenol, other dimeric RCM can
advantageously be formulated using the buffer systems of this invention. Other such

dimeric RCM include iodixanol, iotrolan and the like.
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EXAMPLES
The following Examples illustrate methods and formulations according to the
invention and are not intended to limit the scope of the invention. Other specific
embodiments can be developed and used without departing from the scope of this
invention and without undue experimentation. All such embodiments are considered

part of this invention.

Example 1: Stability of Iosimenol to Autoclave Sterilization in the Presence of

TRIS and Citrate

Samples of Iosimenol were formulated in 20 mM TRIS + 5 mM citric acid,
TRIS/HCI and 10 mM TRIS + 3.3 mM citrate. Samples were then autoclaved for 20
minutes at 121°C and the amounts of free iodine measured. Results are presented in
Tables 1a - lc.

Tables 1a - 1c
Stability of Iosimenol after 20 Minutes at 121°C

Table 1a Table 1b
Buffer: 20 mM Buffer: 20 mM
TRIS TRIS/HCI
+ 5 mM citric acid
I pg/ml I' ug/ml
before after before after
3.59 16.53
4.44 18.87
4.52 18.13
4.08 15.80 4.29 14.07
3.94 15.96 4.44 14.19
342 16.11 427 14.39
Avg. 4.00 16.90 433 14.22
AT +12.90 +9.89
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Table 1c

Buffer: 10 mM
TRIS
+ 3.3 mM citrate

I' pg/ml

before

after

3.99

22.34

4.17

21.51

3.83

21.66

Avg. 4.00

21.84

AT’ +17.84

PCT/US2003/035762

In a separate study, iosimenol formulated in TRIS/citric acid in a non-

equivalent ratio, after autoclaving (121°C for 20 min) had lower stability than in
TRIS/HCI buffer, with the pre-autoclaving pH at 7.00, and Ca/Na EDTA 0.1 mg/ml,
and concentration of RCM at 340-355 mg I/ml, the following was observed (Table 2).

Table 2

Stability of Iosimenol in TRIS/HCI and equivalent TRIS/Citric Acid

Buffers pH after autoclaving AT (ug/ml)
10 mM TRIS/HCI 6.49 +8.7

20 mM TRIS/HCI 7.00 +7

10 mM TRIS + 3 mM 6.90 +24.2
citric acid

Thus although we have shown that the stability of iosimenol solutions could

not be improved by a buffer consisting of equivalent ratio of TRIS and citric acid

compared to TRIS/HCI, we found that the formulation 20 mM TRIS with 5 mM citric

acid unexpectedly substantially improved iosimenol’s systemic tolerance (see

Example 2 below).
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Example 2: In vivo Tolerance of Iosimenol

To examine the effects of the TRIS/citrate buffer system of this invention on
the biological tolerance, using standard methods, we assessed intravenous murine and
rat LDso of iosimenol formulated either in TRIS/HCI or in the novel TRIS/citric acid
buffers, and compared the results with those published for the clinically employed
nonionic dimer iodixanol (formulated in TRIS/HCI buffer; Heglund IF et al., Acta
Radiol. Suppl. 1995:399:69-82). Murine and rat LDsy were obtained by 1 ml/min
injection of 340 mg I/ml; data at 7 days and based on the 50% survival of the animals
was expressed as g Ikg bw (Table 3). Unexpectedly, we found statistically
significantly higher LDs, for iosimenol formulated in 20 mM TRIS with 5 mM citrate

than in 20 mM TRIS/HCI.
Table 3
Effects of Buffer on Systemic (Intravenous) Tolerance of Iosimenol* in rats and mice
Control: Tosimenol Tosimenol
Todixanol (20 mM TRIS + 5 mM (20 mM TRIS/HCI)
(TRIS/HCI) citric acid)
LDsy mice 21.0 26.0 22.0
LD 50 rats 21.0 23.5 20.0

While the mechanisms of this finding have not been identified, the novel
TRIS/citrate formulation of this invention improved the systemic tolerance of
iosimenol significantly and is expected to do so in the clinical applications.

Both TRIS and citric acid are approved inert substances and authorized to be
used as excipients, for buffering purposes, in intravenous solutions under the
definition of the FDA Guide of January 1996 21CFR210.3 (B)8,7. It has been
demonstrated that addition of 6 mM citrate to non-ionic RCM did not induce
cardiovascular changes of clinical significance, as they were smaller than those
induced by the ionic dimer ioxaglate (Morris and Rubinstein, 1991).

Because the osmolality of typical diagnostic solutions of iosimenol, if
unadjusted, would be less than the physiological value of 310 mOsm, a more

concentrated buffer can be used, for example 50mM, more preferably 10 to 25 mM of
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TRIS, and an acceptable ionic substance such as NaCl or an amino acid salt can be
added to adjust the osmolality of the RCM solution.

Processes for formulation of a physiologically and pharmaceutically
acceptable solution of dimeric non-ionic contrast media including iosimenol
comprises its formulation with TRIS/citrate at a ratio of at least 3:1 then autoclaving
the resulting solution at 121°C for 20 min. It can be appreciated that other organic
amines can be used, as well as other carboxylic acids, instead of TRIS and citrate, so
long as the ratio of equivalents of the organic amine to the carboxylic acid is greater
than 1:1.

The novel buffer formulations improved the systemic tolerance of iosimenol
in the in vivo studies described herein, and the results are directly applicable to

clinical use in humans and other species.

Example 3: Measurement of Iodide Content of RCM Preparations
Methods:

1. Determination of Iodide by HPLC

A 5 micron Cjz column 25 cm x 4.6 mm ID was eluted with 30%
acetonitrile/70% 0.05 M KH,PO, containing 7 ml/L of 40% tetrabutyl ammonium
hydroxide. 20 pl of a 10 pg I'/ml was the standard. 20 ul of a test sample of iosimenol
was injected and UV absorbance measured at 230 nm, 0.2 AU. Under these
conditions, the iodide standard eluted after 5.6 minutes and gave an area of “X”
counts. An experimental sample of an autoclaved solution of contrast medium was
injected, and an iodide peak at 5.6 minutes resulted in an area count of “Y.” The

experimental sample’s iodide level was Y/X x 10 pg/ml = Z pg I'/ml.

2. Determination of Iodide by Spectrophotometry

Iodide was alternately determined by extraction and spectrophotometry
according to USP24/NF19, p 911 (1995). In general, the solution containing iodide is
oxidized in the presence of acid, with sodium nitrite and then extracted into toluene

which is then read at a wavelength of 500 nm. Comparison of standard samples with
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experimental samples yields the amount of iodide present in the sample.

Conclusions

Dimeric non-ionic contrast media such as iosimenol in buffers comprising an
organic amine and a carboxylic acid such as citric acid, wherein the molar ratio of
amine to acid is at least 3:1 produces a preparation of primary carboxamide dimeric
RCM having improved biological tolerance. The disclosed formulations can produce
a significantly greater tolerated dose of RCM. This increase in tolerated dose is
completely unexpected and should provide for increased safety of the title compounds

in medical imaging.
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INDUSTRIAL APPLICABILITY
This invention finds use in the health care industry, in which radiopaque
contrast media are used to visualize interior spaces within a body, such as blood
vessels, body cavities, spaces in body organs, or cavities in the nervous system. The
formulations also find use in the pharmaceutical industry in the manufacture of
radiopaque contrast media and kits for sale to physicians, hospitals, diagnostic centers

and other health-care providers.



WO 2004/054637 PCT/US2003/035762

12

We Claim:

l. A formulation comprising an aqueous solution of iosimenol (N,N’-Bis[3-
carbamoyl-5-(2,3-dihydroxypropyl-carbamoyl)-2,4,6-triiodophenyl]-N,N’-bis(2,3-
dihydroxypropyl)-malonamide); and

a buffer comprising an organic amine and a carboxylic acid.

2. The formulation of Claim 1, wherein said organic amine is N-methyl
glucamine.

3. The formulation of Claims 1 or 2, wherein said carboxylic acid is citric acid.
4. The formulation of one of Claims 1 to 3, wherein said buffer comprises TRIS

and citric acid, the concentration of equivalents of said TRIS being higher than that of

said citric acid.

5. The formulation of Claim 4, where the concentration of TRIS is in the range
of about 5 mM to about 40 mM.

6. The formulation of Claim 4, wherein the molar ratio of TRIS to citric acid is

in the range of greater than 3:1 to about 10:1.

7. The formulation of one of Claims 1 to 6, further comprising a chelating agent.

8. The formulation of Claim 7, wherein said chelating agent is selected from the
group consisting of Ca/Na EDTA and EDTA.

9. A formulation comprising:
a dimeric non-ionic contrast medium; and

a buffer comprising:



WO 2004/054637 PCT/US2003/035762

13

an organic amine; and

a carboxylic acid.
10. The formulation of Claim 9, wherein said organic amine is TRIS.
11. The formulation of Claim 9 or 10, wherein said carboxylic acid is citric acid.
12. The formulation of one of Claims 9 to 11, wherein said dimeric non-ionic
contrast medium is iosimenol.
13. The formulation of one of Claims 9 to 11, wherein said dimeric non-ionic

contrast medium is selected from the group consisting of iosimenol, iodixanol and

iotrolan.

14. The formulation of one of Claims 9 to 13, wherein the ratio of equivalents of

said organic amine to said carboxylic acid is greater than 1:1.

15. The formulation of one of Claims 1 to 14, having a physiologically
acceptable pH and osmolality.

16. A kit for use in radiographic examinations, comprising:
a vial containing a solution comprising:
a dimeric non-ionic contrast medium; and
a buffer comprising:
an organic amine; and
a carboxylic acid; and

instructions for use.

17. The kit of Claim 16, wherein said dimeric non-ionic contrast medium is

iosimenol.
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18. The kit of Claim 16 or 17, wherein said buffer comprises TRIS and citric acid
having a ratio of equivalents of said TRIS to said citric acid of greater than 1:1.

19. A method of manufacture of a formulation of a dimeric radio-opaque non-
ionic contrast medium, comprising:
a. providing a dimeric radio-opaque non-ionic contrast medium;
b. mixing said contrast medium with a buffer comprising
i. a carboxylic acid; and
ii. an amine; and

¢. sterilizing said formulation.

20. A method for radiographic examination of a subject, comprising:

a. delivering a contrast medium as in one of Claims 9 to 15 to an area to be
visualized in said subjects body; and

b. visualizing said area.



	Abstract
	Bibliographic
	Description
	Claims

