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METHODS OF USING OPTICAL AGENTS

FIELD OF THE INVENTION

[0001] In certain embodiments, the invention relates to
processes for using optical agents to detect one or more
tissues of the renal system of a surgical patient. In certain
embodiments, the invention relates to kits including a bio-
compatible composition and instructions for using the com-
position to optically detect a tissue of the renal system of a
patient.

BACKGROUND

[0002] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects
of the present invention, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present inven-
tion. Accordingly, it should be understood that these state-
ments are to be read in this light, and not as admissions of
prior art.

[0003] Abdominal and pelvic surgical procedures carry a
risk of accidental injury to the tissues of the renal system,
and in particular, to the bladder and/or ureters. The bladder
is a hollow, muscular, and elastic vesicle situated in the
anterior part of the pelvic cavity. The bladder serves as a
reservoir for urine until it can be eliminated from the body
through the urethra. The ureters are delicate, small-diameter
muscular vessels that carry urine from the kidneys to the
bladder. In a healthy individual, the ureters tend to be about
25 cm to about 30 cm long and up to about 3 mm in diameter
(J. W. Utrie, Bladder and Ureteral Injury, Clin. Obstet.
Gynecol., 1998, 41(3):755-763; N. Zelenko et al., Normal
Ureter Size on Unenhanced Helical C T, Am. J. Roentgenol.
2004, 182:1039-1041). In part because of their small diam-
eter, the ureters are often difficult to identify in a surgical
field. This is especially true in laparoscopic procedures,
because the surgeon generally has a limited view of the
surgical field and cannot use tactile perception to aid in
identification of organs and tissues. Thus, in such procedures
there is often a risk that the bladder may be unintentionally
penetrated or that the ureters may be unintentionally nicked,
severed, ligated, crushed, or otherwise injured.

[0004] Injuries to the bladder and ureter are not uncom-
mon complications of hysterectomy. Hysterectomy is the
second most common surgery among women in the United
States, with over 600,000 such procedures performed each
year (Women’s Reproductive Health: Hysterectomy, http://
www.cde.gov/reproductivehealth/ WomensRH/Hysterec-
tomy.htm). Ureteral injury occurs in approximately 0.5 to 2
percent of all hysterectomies and routine gynecologic pelvic
operations, and in approximately 10 percent of radical
hysterectomies (S. B. Brandes, Urologic Complications
from Pelvic and Vaginal Surgery: How to Diagnose and
Manage, http://www.urology.wustl.edu/PatientCare/Urolog-
icComplications.asp). Laparoscopic hysterectomy has
become more popular in recent years due to its advantages
over conventional surgical methods (e.g., smaller incisions,
reduced hospital stays, and a speedier return to normal
activities). However, laparoscopic hysterectomy generally
carries a greater risk of accidental injury to the bladder and
ureter as compared to conventional surgical procedures. As
another example, the incidence of ureteral injury during
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colorectal surgery has been reported as ranging from 0.2 to
4.5% (F. Chahin, et al., The Implications of Lighted Ureteral
Stenting in Laparoscopic Colectomy, JSLS, 2002, 6:49-52).
[0005] Injury to the urinary tract can result in various
complications, some of which may be life-threatening. Such
complications include voiding difficulties, incontinence,
detrusor instability, bowel obstruction, persistent abdominal
and/or flank pain, urinary tract infection, pyelonephritis, loss
of kidney function that may require surgical removal of the
kidney, fever/body-wide responses to serious infection, and
possible death. In particular, ureteral injuries that occur
during a surgical procedure are often not immediately rec-
ognized and can therefore lead to very serious complica-
tions. Such ureteral injuries may result in permanent kidney
damage, possibly requiring removal of a kidney, and in some
cases are life-threatening.

[0006] Methods for detecting or visualizing a ureter during
abdominal or pelvic surgery generally have involved insert-
ing a lighted catheter or stent through the urethra and bladder
and into the ureter. Such methods are particularly popular in
laparoscopic procedures, where tactile identification of the
ureters is not possible. For example, U.S. Pat. Nos. 5,423,
321, 5,517,997, 5,879,306, and 6,597,941 disclose infrared
illuminated ureteral catheters coupled with infrared detec-
tion systems. Similarly, U.S. Pat. No. 5,954,652 describes a
double lumen ureteral catheter device made of light trans-
mitting material, one lumen of which houses a single fiber
optic filament capable of illuminating the catheter with
visible light.

[0007] Placement of a lighted ureteral catheter or stent is
a highly invasive procedure. Some surgeons believe that
ureteral catheters do not prevent injuries to the renal system
and may in fact predispose patients to such injuries. Fur-
thermore, placement of a lighted ureteral catheter or stent is
associated with its own list of complications. For example,
in one study of complications associated with placement of
a lighted ureteral stent during laparoscopic colectomy,
nearly all (98.4%) patients developed gross hematuria last-
ing approximately three days. Less frequent complications
included reflux anuria which in some cases required renal
support with hemodialysis for three to six days, and urinary
tract infection. Placement of lighted catheters also prolonged
anesthetic time by on average 26 minutes, thus increasing
the cost of the procedure. Where visualization of both
ureters is desired, bilateral placement of ureteral catheters
may increase the likelihood and severity of these complica-
tions (F. Chahin, et al., The Implications of Lighted Ureteral
Stenting in Laparoscopic Colectomy, JSLS, 2002, 6:49-52).
[0008] Because of the risk of injury to the tissues of the
renal system during abdominal and pelvic surgical proce-
dures and because of the complications associated with the
placement of lighted ureteral catheters, it would be desirable
to develop a non-invasive method by which a surgical
patient’s bladder and/or ureters can be readily visualized or
detected. Furthermore, because ureteral injuries that occur
during surgical procedures are often not immediately rec-
ognized and can result in very serious complications, a
method facilitating immediate detection of ureteral injuries
during a surgical procedure would be advantageous.
[0009] Although the majority of ureteral injuries occur in
patients with no identifiable risk factors, a non-invasive
method for visualization or detection of the ureters during a
surgical procedure would be particularly desirable for indi-
viduals who are at increased risk for ureteral injury. For
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example, prolapse patients and pregnant women may have
extremely dilated and thin ureters and thus are more at risk
for ureteral injury. Furthermore, congenital defects in the
urinary system, such as ureteral duplication, can alter the
anatomy of the renal system and thus increase the likelihood
of injury to the bladder and/or ureter during a surgical
procedure.

SUMMARY

[0010] Certain aspects commensurate in scope with the
invention are set forth below. It should be understood that
these aspects are presented merely to provide the reader with
a brief summary of certain forms the invention might take
and that these aspects are not intended to limit the scope of
the invention. Indeed, the invention may encompass a vari-
ety of aspects that may not be set forth below.

[0011] Among some of the various aspects of the present
invention is the use of one or more optical dyes in a surgical
procedure to enable a surgeon or other health care profes-
sional to demarcate a tissue of the renal system. Advanta-
geously, the surgeon or other health care professional can
thereby avoid, target and/or assess the integrity of the tissue
before, during and/or after the surgical procedure.

[0012] One aspect of the present invention is directed to a
process for using an optical agent in a surgical procedure. In
this process, a renally excretable optical agent is adminis-
tered to a patient to cause the optical agent to appear in the
patient’s urine. Further, a first tissue of the patient’s renal
system is irradiated with non-ionizing radiation, and the
agent is optically detected in the irradiated first tissue to
demarcate the position of the first tissue (e.g., relative to
surrounding and/or adjacent tissue).

[0013] Another aspect of the invention is directed a pro-
cess for using an optical agent in a surgical procedure. In this
process, a surgical field of a patient is irradiated with
non-ionizing radiation while a renally excretable optical
agent is located in a first tissue of the patient’s renal system
in the surgical field. The first tissue is irradiated to detect the
optical agent in the first tissue. A second tissue of the patient
is then surgically manipulated based, at least in part, on the
optical detection of the agent in the first tissue.

[0014] Yet another aspect of the invention is directed to a
process for using an optical agent in a surgical procedure. In
this process, a renally excretable optical agent is delivered to
at least one tissue of a renal system of a patient, and the
tissue(s) is(are) irradiated with non-ionizing radiation. The
optical agent is detected (based, at least in part, on irradia-
tion of the tissue) to determine if the agent is retained within
the tissue(s) of the renal system of the patient.

[0015] Still another aspect of the invention is directed to a
kit. This kit includes a biocompatible composition and
instructions for using the composition to optically detect a
tissue of the renal system of a patient. The biocompatible
composition included in this kit contains at least one renally
excretable optical agent.

[0016] Various refinements exist of the features noted
above in relation to the various aspects of the present
invention. Further features may also be incorporated in these
various aspects as well. These refinements and additional
features may exist individually or in any combination. For
instance, various features discussed below in relation to one
or more of the described exemplary embodiments may be
incorporated into any of the above-described aspects of the
present invention alone or in any combination. Again, the
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brief summary presented above is intended only to famil-
iarize the reader with certain aspects and contexts of the
present invention without limitation to the claimed subject
matter.

BRIEF DESCRIPTION OF THE FIGURES

[0017] FIG. 1 shows the renal clearance of an optical agent
(3,6-diaminopyrazine-2,5-dicarboxylic acid) in an intact rat.
Data were generated in accordance with the procedures set
forth in Example 1.

[0018] FIG. 2 shows the renal clearance of an optical agent
(3,6-diaminopyrazine-2,5-dicarboxylic acid) in a bilaterally
nephrectomized rat. Data were generated in accordance with
the procedures set forth in Example 2.

[0019] FIG. 3 shows a comparison of the data from FIGS.
1 and 2.
[0020] FIG. 4 shows the fluorescence of an optical agent

(3,6-diaminopyrazine-2,5-dicarboxylic acid) in the ureter of
an intact rat. Data were generated in accordance with the
procedures set forth in Example 3.

[0021] FIG. 5 is a color photograph of a surgical field,
showing a fluorescing optical agent (3,6-diaminopyrazine-
2,5-dicarboxylic acid) in the ureter of an intact rat. The
optical agent was administered in accordance with the
procedures set forth in Example 3.

[0022] FIG. 6 is a magnified view of a portion of the color
photograph of FIG. 5.

[0023] FIG. 7 is another color photograph of a surgical
field, taken in the presence of a 500 nm long pass filter and
showing a fluorescing optical agent (3,6-diaminopyrazine-
2,5-dicarboxylic acid) in the ureter of an intact rat. The
optical agent was administered in accordance with the
procedures set forth in Example 3.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0024] In accordance with the present invention, one or
more optical agents that are at least partially renally excre-
table, is/are administered to a surgical patient to cause the
optical agent(s) to appear in the patient’s urine. Once there,
the optical agent(s) may be detected in the patient’s renal
system by irradiating one or more tissues of the renal system
with non-ionizing radiation having a wavelength that
enables optically detection of the optical agent(s). The
optical agent(s) may thereby be utilized to demarcate a
tissue that contains or contained urine for a variety of
purposes.

[0025] In one embodiment, the appearance of an optical
agent in urine of a patient permits a surgeon or other health
care professional to readily distinguish between one or more
tissues of the renal system (containing the urine) and sur-
rounding tissues. The surgeon can thus avoid accidental
injury to the renal system (e.g., nicking or severing of the
ureter) during a surgical procedure involving a nearby organ
or tissue.

[0026] Alternatively, the appearance of an optical agent in
the urine of a patient permits a surgeon or other health care
professional to identify and/or delimit the target of the
surgical procedure. For example, during a nephrectomy or
other surgery procedure involving on one or more tissues of
the renal system, the surgeon or other health care profes-
sional may readily identify the kidney or other renal tissue
containing urine by detection of the optical agent.
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[0027] Inyet another alternative approach, the appearance
of an optical agent in the urine of a patient permits a surgeon
or other health care professional to assess the integrity of one
or more tissues of the renal system. For example, if an
optical agent remains confined within the renal system upon
completion of a surgical procedure, this indicates that the
ureter was not nicked during the surgical procedure and that
the integrity of the ureter and other tissues of the renal
system has not been compromised. In contrast, if the ureter
or another tissue of the renal system has been damaged, the
surgeon or other health care professional may readily iden-
tify the location of such damage (e.g., by observing the
egress of dye from the site of the damage).

[0028] In general, the surgical patient or patient is a human
or other warm-blooded animal that is a candidate for, is
undergoing, or has undergone any surgical procedure
involving a tissue or organ located in the abdominal or
pelvic region and/or wherein the abdominal cavity is at least
partially penetrated. In one embodiment, the patient is a
human patient. In another embodiment, the patient is a
non-human animal undergoing abdominal or pelvic surgery.
For example, in non-human animals undergoing oophorec-
tomy (also known as ovariotomy or spaying), the processes
of the present invention can be used to avoid accidental
injury to the ureter and/or other tissues of the renal system.

1. Surgical Procedures

[0029] In general, the optical agent may be used in con-
junction with a range of surgical methods. For example, the
optical agent may be used in “open” procedures or in
minimally invasive surgeries, sometimes referred to as ban-
daid or keyhole surgeries. In open procedures, an incision
sufficiently large to expose the entire operative area is made
with a scalpel or other knife. In minimally invasive surger-
ies, one or more much smaller incisions are typically made,
through which a laparoscope and/or other endoscopic tools
may be inserted to allow a surgeon to view and/or surgically
manipulate a patient’s organs and/or tissues.

[0030] Surgical procedures in which the processes of the
present invention can be used to aid a surgeon include, but
are not limited to, for example, total or partial hysterectomy,
oophorectomy, tubal ligation, surgical removal of ovarian
cysts, anterior repair of the vaginal wall, caesarean section,
repair of a pelvic prolapse, pelvic mass resection, removal of
a fallopian tube, adnexectomy (removal of a fallopian tube
and an ovary), removal of an ectopic pregnancy, vasectomy,
prostatectomy, hernia repair surgery, colectomy, cholecys-
tectomy, appendectomy, hepatobiliary surgery (e.g., liver
transplant surgery or removal of the gallbladder), splenec-
tomy, distal or total pancreatectomy, the Whipple procedure,
removal of inflammatory or malignant tumors in the
abdominal or pelvic regions, abdominal or pelvic lymph-
adenectomy (removal of lymph nodes), and other surgical
procedures performed in the abdominal or pelvic regions.
[0031] To various degrees, these and other surgical pro-
cedures performed in the abdomen or pelvic cavity carry a
risk of accidental damage to the tissues of the renal system,
and in particular, to the ureter. The risk of damage to the
ureter and other tissues of the renal system is especially high
in laparoscopic surgical procedures, because the surgeon has
a limited view of the surgical area and is unable to use tactile
perception to identify these structures. In one embodiment,
therefore, one or more optical agents are administered to
avoid such accidental damage by permitting a surgeon to
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distinguish one or more tissues of the renal system from
surrounding tissues. For example, the process of the present
invention permits a surgeon to distinguish one or more
tissues of the renal system from tissues of the male and
female reproductive systems, tissues of the digestive tract,
the pancreas, the gallbladder, the liver, the bile duct, and/or
the spleen. The process of the present invention also permits
a surgeon to distinguish one or more tissues of the renal
system from nearby arteries, veins, lymphatic vessels, and
other tissues.

[0032] As previously noted, one aspect of the present
invention is the use of one or more optical agents to
demarcate at least one tissue of the renal system of a patient
during a surgical procedure. For example, the process of the
present invention can be used to enable the surgeon or other
healthcare individual to avoid the ureter(s), the bladder,
and/or the urethra. In a healthy individual, urine flows from
the kidneys through the ureter and collects in the bladder,
where it is stored until it is eliminated from the body through
the urethra. Thus, in the process of the present invention,
detection of the optical agent(s) in the ureter and bladder is
possible due to the accumulation of the agent(s) in urine
present in those structures. Detection of the optical agent(s)
in the urethra is possible, for example, where residue of
urine containing the optical agents is present on the walls of
the urethra, or where a urinary catheter facilitates continuous
flow of urine through the urethra.

[0033] Alternatively, another aspect of the present inven-
tion is the use of one or more optical agents to demarcate the
target of a surgical procedure. Such surgical procedures
include, but are not limited to, for example, nephrectomy,
renal transplantation surgery, resection of a ureteral segment
during removal of a tumor, bladder neck suspension surgery,
and surgical removal of kidney stones.

[0034] A further aspect of the present invention is the use
of the optical agent(s) to assess the integrity of the renal
system. Such an assessment can be made before, during,
and/or after a surgical procedure performed on the renal
system and/or other organ and/or tissue in the abdominal
and/or pelvic region. Confinement of the optical agent to the
tissues of the renal system indicates that no damage to the
renal system (e.g., nicking of the ureter) has occurred. If
damage or injury to a tissue of the renal system has occurred,
the process of the present invention allows a surgeon to
rapidly identify the location of such damage or injury (e.g.,
by observing the egress of dye from the site of damage).
[0035] A further aspect of the present invention is the use
of the optical agent(s) to detect one or more tissues of the
renal system during a diagnostic laparoscopic procedure.
[0036] Depending upon the surgical technique employed,
the presence of the optical agent in a first tissue may be
detected by irradiating the entire surgical field. This
approach could be used, for example, in open surgical
procedures. Alternatively, only a portion of the surgical field
or the specific site(s) to be monitored may be illuminated,
for example, using a laparoscope or other endoscopic tool.
[0037] In general, any source of irradiation capable of
providing non-ionizing radiation of a desired wavelength
may be used. For example, in one embodiment, the operat-
ing room lighting (e.g., fluorescent or incandescent lighting)
emits light of the desired wavelength. In another embodi-
ment, the source of irradiation is a laser. In yet another
embodiment, the source of irradiation is a hand-held light.
Other sources of irradiation that can be used include, but are
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not limited to, lighted catheters, endoscopes, fiber optic
probes, light emitting diodes (LEDs). lighted headbands
(also called headlights), and the like. A surgical instrument
that contains or is configured with an illumination system
may also be employed. Examples of such instruments
include the fiber optic instruments available from BioSpec
(Moscow, Russia) and the TC-I fiber optic tool for photo-
dynamic therapy with fine needle tip for irradiating intet-

stitial  tumors  (http://www.biospec.ru/_Fiber_Optics_e.
html).
[0038] Any of the optical detection methods available in

the art can be used in the present invention. Spectroscopic
measurements can be separated into three broad categories:
absorbance, scattering/reflectance, and emission. Absor-
bance assays involve relating the amount of incident light
that is absorbed by a sample to the type and number of
molecules in the sample. For example, in case of absorbance
measurement, it is desirable that the wavelength of the
non-ionizing radiation that is used is one which is absorbed
by the optical agent. Most commonly, absorbance is mea-
sured indirectly by studying the portion of incident light that
emerges from the sample. Scattering assays are similar to
absorbance in that the measurement is based on the amount
of incident light that emerges or is transmitted from the
sample or tissue. However, in the case of scattering, the
signal increases with the number of interactions, whereas, in
the case of absorbance, the signal is inversely proportional
to the interactions. Emission assays look at electromagnetic
emissions from a sample other than the incident light. In
each case, the measurements may be broad spectrum or
frequency-specific depending on the particular assay. Most
commonly, emission assays involve the measurement of
luminescence.

[0039] Luminescence is the emission of light from excited
electronic states of atoms or molecules. Luminescence gen-
erally refers to all kinds of light emission, except incandes-
cence, and may include photoluminescence, chemilumines-
cence, and electrochemiluminescence, among others. In
photoluminescence, including fluorescence and phosphores-
cence, the excited electronic state is created by the absorp-
tion of electromagnetic radiation. Luminescence assays
involve detection and interpretation of one or more propet-
ties of the luminescence or associated luminescence process.
These properties include intensity, excitation and/or emis-
sion spectrum, polarization, lifetime, and energy transfer,
among others. These properties also include time-indepen-
dent (steady-state) and/or time-dependent (time-resolved)
properties of the luminescence. Representative lumines-
cence assays include fluorescence intensity (FLINT), fluo-
rescence polarization (FP), fluorescence resonance energy
transfer (FRET), fluorescence lifetime (FLT), total internal
reflection fluorescence (TIRF), fluorescence correlation
spectroscopy (FCS), fluorescence recovery after photo-
bleaching (FRAP), and bioluminescence resonance energy
transfer (BRET), among others. By way of example, when
a fluorescent optical agent is used in the present invention,
it is desirable that the wavelength of non-ionizing radiation
be such that it excites the optical agent. This excitation
causes the molecule to emit part of the absorbed energy at
a different wavelength, and the emission can be detected
using fluorometric techniques as described above. One
skilled in the art can readily determine the most appropriate
detection technique based on, in part, the specific optical
agent(s) administered, the tissue to be detected, and the type
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of surgical procedure involved. For example, in some
embodiments, the surgeon will be able to see the optical
agent in the surgical field. Other embodiments employ an
optical agent that can be detected using a laparoscopic
instrument.

[0040] Upon irradiation with electromagnetic radiation of
the proper wavelength, an optical agent may be detected by
visual or other optical means. For example, optical detection
may be achieved using the unaided eye or by one or more
imaging or detecting devices (e.g., a camera, charged
coupled device (CCD), photomultiplier tube (PMT), ava-
lanche diode, photodiodes), or detection involving an elec-
tronic processing step (e.g., detecting, enhancing, process-
ing, analyzing, quantitating, or otherwise manipulating a
signal using software or other means).

1I. Dyes/Optical Agents

[0041] The optical agents (also referred to as optical dyes)
used in the process of the present invention are at least
partially renally excretable. That is, upon administration to
a patient, at least a fraction of the administered dose of the
optical agent will be excreted by way of the renal system. In
general, the size and hydrophobicity of a pharmaceutical or
diagnostic agent tends to influence the route by which it is
excreted when it is administered to a patient. Small, hydro-
philic molecules tend to be excreted via the renal system,
whereas larger, hydrophobic molecules tend to be excreted
via the hepatobiliary route. Thus, in general, the optical
agents employed in the process of the present invention are
preferably relatively smaller in size and/or relatively more
hydrophilic than dyes excreted predominantly via the hepa-
tobiliary route. The optical agents may be coupled or asso-
ciated with moieties which render them more hydrophilic
and thus increase their capacity to be excreted via the renal
system. For example, a hydrophilic chelating agent, such as
ethylenediaminetetraacetic acid (EDTA), diethylenetri-
aminepentaacetic acid (DPTA), 1,4,7,10-tetraazacyclodode-
canetetraacetic acid (DOTA), or their derivatives, can be
attached to an optical agent. The degree to which an optical
agent is renally excreted can be determined empirically by
a process such as that described herein in Examples 1 and 2
or by other processes known to those skilled in the art.
[0042] Preferably, the optical agent(s) is/are untargeted.
That is, the optical agent(s) is/are not associated with a
carrier or conjugate which increases the selectivity of the
optical agent for localization in a particular organ or tissue.
Rather, any biocompatible optical agent that is excreted via
the renal system and that is capable of being detected therein
may be used in the process and kit of the present invention.
[0043] The renally excretable optical agents of the present
invention are generally chromophores or fluorophores, and
the like. Optimal absorption or excitation maxima for the
optical agents will vary depending on the optical agent
employed, but in general, the optical agents of the present
invention will absorb or be excited by light in the ultraviolet
(UV), visible, or infrared (IR) range of the electromagnetic
spectrum. For example, the non-ionizing radiation employed
in the process of the present invention may range in wave-
length from about 350 nm to about 1200 nm.

[0044] Exemplary optical agents include, but are not lim-
ited to, the phenylxanthenes, phenothiazines, phenosel-
enazines, cyanines, indocyanines, squaraines, dipyrrolo
pyrimidones, anthraquinones, tetracenes, quinolines, pyra-
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zines, acridines, acridones, phenanthridines, azo dyes, rho-
damines, phenoxazines, azulenes, azaazulenes, triphenyl
methane dyes, indoles, benzoindoles, indocarbocyanines,
benzoindocarbocyanines, and BODIPY™ derivatives hav-
ing the general structure of 4,4-difluoro-4-bora-3a,4a-diaza-
s-indacene, and/or conjugates and/or derivatives of any of
these. Specific optical agents that may be used in the process
include, but are not limited to, for example, fluorescein,
fluorescein-polyaspartic acid conjugates, fluorescein-poly-
glutamic acid conjugates, fluorescein-polyarginine conju-
gates, indocyanine green, indocyanine-dodecaaspartic acid
conjugates, indocyanine (NIRD)-polyaspartic acid conju-
gates, isosulfan blue, indole disulfonates, benzoindole dis-
ulfonate, bis(ethylcarboxymethyl)indocyanine, bis(pentyl-
carboxymethyl)indocyanine, polyhydroxyindole sulfonates,
polyhydroxybenzoindole sulfonate, rigid heteroatomic
indole suffonate, indocyaninebispropanoic acid, indocya-
ninebishexanoic acid, 3,6-dicyano-2,5-[(N,N,N'.N'-tetrakis
(carboxymethyl)amino|pyrazine,  3,6-[(N,N,N'N'-tetrakis
(2-hydroxyethyl)amino|pyrazine-2,5-dicarboxylic acid, 3,6-
bis(N-azatedino)pyrazine-2,5-dicarboxylic acid, 3,6-bis(N-
morpholino)pyrazine-2,5-dicarboxylic  acid,  3,6-bis(N-
piperazino)pyrazine-2,5-dicarboxylic  acid,  3,6-bis(N-
thiomorpholino)pyrazine-2,5-dicarboxylic acid, 3,6-bis(N-
thiomorpholino)pyrazine-2,5-dicarboxylic acid ~S-oxide,
2,5-dicyano-3,6-bis(N-thiomorpholino)pyrazine ~ S,S-diox-
ide, indocarbocyaninetetrasulfonate, chloroindocarbocya-
nine, and 3,6-diaminopyrazine-2,5-dicarboxylic acid (see
Examples 1-2 herein), and 3,6-diaminopyrazine-2,5-dicar-
boxylic acid (see Example 3 herein).

[0045] In one exemplary embodiment, the optical agent is
excited by light having a wavelength in the blue range of the
visible portion of the electromagnetic spectrum (from about
430 nm to about 500 nm) and emits at a wavelength in the
green range of the visible portion of the electromagnetic
spectrum (from about 520 nm to about 565 nm). For
example, fluorescein dyes can be excited with light with a
wavelength of about 488 nm and have an emission wave-
length of about 520 nm. As another example, 3,6-diamin-
opyrazine-2,5-dicarboxylic acid can be excited with light
having a wavelength of about 470 nm and fluoresces at a
wavelength of about 532 nm (see Example 3 and FIG. 4
herein).

[0046] In another embodiment, the excitation and emis-
sion wavelengths of the optical agent may fall in the
near-infrared range of the electromagnetic spectrum. For
example, indocyanine dyes, such as indocyanine green, can
be excited with light with a wavelength of about 780 nm and
have an emission wavelength of about 830 nm.

[0047] By way of example, optical agents that may be
employed in the processes of the present invention include,
but are not limited to, those represented by Formulas 1 to 8
below. The optical agents of Formulas 1-6 are hydrophilic
and absorb light in the visible and near infrared regions of
the electromagnetic spectrum.

[0048] In one group of embodiments, compounds for use
as optical agents in the processes of the present invention
correspond to Formula 1:
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Formula 1
Ry
Rs
Wi
)"
Rg T
R, Y

where R;, R,, R,, R, and R, and Y, are independently
selected from —H, C1-C10 alkoxyl, C1-C10 polyalkoxy-
alkyl, C1-C20 polyhydroxyalkyl, C5-C20 polyhydroxyaryl,
glucose derivatives of R groups, saccharides, amino,
C1-C10 aminoalkyl, cyano, nitro, halogen, hydrophilic pep-
tides, arylpolysuffonates, C1-C10 alkyl, C1-C10 aryl,
—S0,T. —CO,T, —0H, —(CH,),SO,T, —(CH,) ,0S0,T,
—(CH,),NHSO,T, —(CH,),CO5(CH,),SO,T, —(CH,)
.OCO(CH,),S0,T, —(CH,) ,CONH(CH,),SO,T, —(CH,)
~NHCO(CH,),SO,T, —(CH,),NHCONH(CH,),S0,T,
—(CH,) ,NHCSNH(CH,),SO,T, —(CH,),0CONH(CH,)
»S0,T,  —(CH,),POHT,  —(CH,),PO,T,, —(CH,)
LOPOHT, —(CH,),0PO,T,, —(CH,),NHPO,HT,
—(CH,),NHPO,T,, —(CH,),CO(CH,),PO,HT, —(CH,)
.CO,(CH,),PO,T,, —(CH,),0CO(CH,),PO,HT, —(CH,)
OCO(CH,),PO,T,, —(CH,),CONH(CH,),PO,HT,
—(CH,),CONH(CH,),PO,T,, —(CH,),NHCO(CH,)
,L,O,HT,  —(CH,) NHCO(CH,),PO;T,, —(CH,),N-
HCONH(CH,),PO,HT, —(CH,),NHCONH(CH,),PO,T,,
—(CH,) ,NHCSNH(CH,),PO,HT, —(CH,) , NHCSNH
(CH,),PO,T,, —(CH,),OCONH(CH,),POHT, —(CH,)
OCONH(CH,),PO,T,, —CH,(CH,—O—CH,) —CH,—
OH, —(CH,),—CO,T, —CH,—(CH,—O—CH,),—
CH,—CO,T, —(CH,)~NH,, —CH,—(CH,—0—CH,)
¢ CH,—NH,, —(CH,),—N(R_)—(CH,)—CO,T, and
—(CH,),—NR,)—CH,—(CH,—O0—CH,),—CH,—
CO,T, where W, may be —CR R, —O—, —NR_, —S—,
or —Se; a, b, d, f, h, 1, and j independently vary from 1-10;
¢, e, g, and k independently vary from 1-100; R ,, R, R, and
R, are defined in the same manner as Y,; and T is either H
or a negative charge.

[0049] Inoneexemplary embodiment, the compound is an
indole disulfonate falling within the class of compounds
represented by Formula 1 and having the structure:

X7
X5
Y,
)i
N*
)
SO7

n=13;X,=H, OH:; Y, =1, 805,
CO,H, CH,CO,H, CH;0H
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[0050] In another exemplary embodiment, the compound
is a polyhydroxyindole falling within the class of com-
pounds represented by Formula 1 and having structures such
as:

0 on OH
OH
HN
/ and
N* NH
OH OH L/K
OH (0]
o on OH
OH
HN
Y
N* NH
OH on \\/K
OH (0]
[0051] Methods for the synthetic preparation of such

indole disulfonates and polyhydroxyindoles are described in
U.S. Pat. No. 6,887,854.
[0052] In another group of embodiments, compounds for
use as optical agents in the processes of the present invention
correspond to Formula 2:

Formula 2
Rio

O W)
b /: R
Ryz N*

Ris Y2

where Ry, Rg, R0, R, Ry, Ry5, R4, and Y, are indepen-
dently selected from —H, C1-C10 alkoxyl, C1-C10 poly-
alkoxyalkyl, C1-C20 polyhydroxyalkyl, C5-C20 polyhy-
droxyaryl, glucose derivatives of R groups, saccharides,
amino, C1-C10 aminoalkyl, cyano, nitro, halogen, hydro-
philic peptides, arylpolysulfonates, C1-C10 alkyl, C1-C10
aryl, —S0O,T, —CO,T, —OH, —(CH,),SO,T, —(CH,)
.0S0,T, —(CH,),NHSO,T, —(CH,),CO,(CH,),S0,T,
—(CH,),0CO(CH,),S0,T, —(CH,),CONH(CH,),SO,T,
—(CH,),NHCO(CH,),SO,T, —(CH,),NHCONH(CH,)
»30,T, —(CH,),NHCSNH(CH,),S0,T, —(CH,) ,OCONH
(CH,),S0,T, —(CH,),PO,HT, —(CH,),PO,T,, —(CH,)
LOPOHT, —(CH,),0OPO,T,, —(CH,),NHPO,HT,
*(CH,),NHPO,T,, —{(CH,),CO,(CH,),PO,HT, —(CH)
.CO,(CH,),PO,T,, —(CH,),0CO(CH,),PO,HT, —(CH,)
LOCO(CH,),PO,T,, —(CH,) CONH(CH,),PO,HT,
—(CH,),CONH(CH,),PO,T,, —(CH,) ,NHCO(CH,)
»,PO;HT, —(CH,),NHCO(CH,),PO,T,, —(CH,),N-
HCONH(CH,),PO,HT, —(CH,),NHCONH(CH,),PO,T,,
—(CH,),NHCSNH(CH,),PO,HT, —(CH,),NHCSNH
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(CH,),PO,T,, —(CH,),OCONH(CH,),PO,HT, and
—(CH,),OCONH(CH,),PO,T,, —CH,(CH,—0—CH,)
—CH,—OH, —(CH,),—CO0,T, —CH,—(CH,—0—
CH,)—CH,—CO,T, —(CH,)—NH,, —CH,—(CH,—
0—CH,),—CH,—NH,, —(CH,),~—NR,)—(CH,)—
CO,T, and —(CH,)—N(R,)—CH,—(CH,—0—CH,),—
CH,—CO,T: W, is selected from —CR R, —O— —NR_,
—S—, and —Se; a, b, d, f, h, i, and j independently vary
from 1-10; ¢, e, g, and k independently vary from 1-100; R ,
R,, R, and R, are defined in the same manner as Y,; and T
is either H or a negative charge.

[0053] In one exemplary embodiment, the compounds is a
benzoindole disulfonate falling within the class of com-
pounds represented by Formula 2 and having the structure:

Yg X7

SO5

n=1-3; X, = I, OH; Y5, Ys = H, SO5,
CO,H, CH,CO,H, CH,0H

[0054] Methods for the synthetic preparation of such ben-
zoindole disulfonates are described in U.S. Pat. No. 6,887,
854.

[0055] Inyet another group of embodiments, cyanine dyes
for use as optical agents in the processes of the present
invention correspond to Formula 3:

Formula 3
Rjs Ry
Ris W, X, R
AP LA,
Rg 13 \I]3 Zs Rao
Ryo

where Ry 5, Rig, Ry 5, Ryg, Ryo, Ryp, Ry Rop, Ros, Yy, and
7, are independently selected from —H, C1-C10 alkoxyl,
C1-C10 polyalkoxyalkyl, C1-C20 polyhydroxyalkyl,
C5-C20 polyhydroxyaryl, glucose derivatives of R groups,
saccharides, amino, C1-C10 aminoalkyl, cyano, nitro, halo-
gen, hydrophilic peptides, arylpolysulfonates, C1-C10 alkyl,
C1-C10 aryl, —SO,T, —CO,T, —OH, —(CH,),S0,T,
—(CH,) ,0SO,T, —(CH,)_,NHSO,T, —(CH,),CO,(CH,)
S0,T, —(CH,),0CO(CH,),SO,T, —(CH,),CONH(CH,)
S0,T, (CH,) NHCO(CH,),SO,T, —(CH,) NHCONH
(CH,),S0,T, —(CH,),NHCSNH(CH,),SO,T, —CH,)
OCONH(CH,),SO,T, —(CH,),PO;HT, —(CH,),PO,T,,
—(CH,), OPO;HT, —(CH,),0PO,T,. —(CH,)
NHPOHT, —(CH,),NHPO,T,, —(CH,),CO,(CH,)
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»PO;HT, —(CH,),CO,(CH,),PO,T,, —(CH,),0CO(CH,)
»,PO;HT, —(CH,),0CO(CH,),PO,T,, —(CH,),CONH
(CH,),POHT, —(CH,),CONH(CH,),PO,T,, —(CH,)
NHCO(CH,),PO,HT, —(CH,),NHCO(CH,),PO,T,,
—(CH,),NHCONH(CH,),PO,HT, = —(CH,),NHCONH
(CH,),PO,T,, —(CH,),NHCSNH(CH,),PO,HT, —(CH,)
NHCSNH(CH,),PO,T,, —(CH,),O0CONH(CH,),PO,HT,
and —(CH,),O0CONH(CH,),PO,T,, —CH,(CH,—0—
CH,)—CH,—OH, —(CH,),—CO,T, —CH,—(CH,—
0—CH,),—CH,—CO,T, —(CH,)—NH,, —CH,—
(CH,—O"—CH,)—CH,—NH,, —(CH,),—N(R,)(CH,)
—CO,T, and —(CH,)—N(R,)—CH,—(CH,—0—CH,)
+—CH,—CO,T; W, and X, are independently selected from
—CR.R,;,, —O—, —NR_, —S—, and —Se; V, is a single
bond or is selected from —O—, —S—, —Se—, and —NR ;
a, b, d, {, h, 1, and j independently vary from 1-10; ¢, e, g,
and k independently vary from 1-100; a; and b, vary from
0to5;R,, R,, R, and R, are defined in the same manner as
Y,; T is either H or a negative charge.

[0056] In one exemplary embodiment, the cyanine dye is
a polyhydroxyindole sulfonate falling within the class of
compounds represented by Formula 3 and having the struc-
ture:

OH
HO OH
(0]
HO
X7 X7
Y7 Y7
V/ s
Nt A
§ I n
SOy SOy

n=1-3; X5 =H, OH; Y; = H, 8O3, CO.H, CH,CO,H; CH,OH

[0057] Methods for the preparation of such polyhydroxy-
indole sulfonates are described in U.S. Pat. No. 6,887,854,

[0058] In another group of embodiments, indocyanine
dyes for use as optical agents in the processes of the present
invention correspond to Formula 4:

Formula 4

Rys Rss
Rys Ryy Rss Ray
At L
Y, F
a ba
Rog \|]+ 4V Il\] Rs2
4
Ry Y4 I|{ 24 Ry

30

where Roy, Ros. Rog Ryg, Rog, Ragy Ragr Ry Rans Ry R,
R;s, Rse Yy, and Z, are independently selected from —H,
C1-C10 alkoxyl, C1-C10 polyalkoxyalkyl, C1-C20 polyhy-
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droxyalkyl, C5-C20 polyhydroxyaryl, glucose derivatives of
R groups, saccharides, amino, C1-C10 aminoalkyl, cyano,
nitro, halogen, hydrophilic peptides, arylpolysulfonates,
C1-C10 alkyl, C1-C10 aryl, —SO,T, —CO,T, —OH,

—(CH,),S0,T, —(CH,),080,T, —(CH,),NHSO,T,
—(CH,),CO,(CH,),S0,T,  —(CH,)OCO(CH,),S0,T,
—(CH,),CONH(CH,),SO,T, —(CH,),NHCO(CH,)

,50,T, —(CH,),NIICONH(CH,),S0,T, —(CH,),NHC-
SNH(CH,),SO,T, —(CH,),0CONH(CH,),SO,T, —(CIL,)
LPOHT, —(CH,),PO,T, —(CI,),0PO,HT, —(CIL)
LOPO,T,, —(CH,),NHPO,HT, ~ —(CH,),NHPO,T,,
—(CH,),CO,(CH,),POHT,  —(CH,),CO,(CH,),PO,T,,
—(CH,),0CO(CIL,),PO,HT, —(CH,),0CO(CHL),PO.T,,
—(CH,),CONH(CH,),PO,HT,  ~(CH,),CONH(CH,)
,PO,T,, —(CH,),NHCO(CH,),PO,HT, —(CH,) ,NHCO
(CH,),PO,T,, —(CH,),NHCONH(CH,),PO,HT, - (CH,)

. NHCONH(CH,),PO,T,. —(CH,),NHCSNH(CH,)
,PO.HT, —(CH,) NHCSNH(CH,),PO,T,, —(CH,)
LOCONH(CH,),POHT, and —(CH,),OCONH(CH,)

,L0,T,, —CH,(CH,—0O—CH,)—CH,—OH, —(CH,)
+—CO,T, —CH,—(CH,—0—CH,),—CH,—CO,T,
—(CH,)~NH,, —CH,—(CH,—0—CH,),—CH,—NH,,
—(CH,), NR,)(CH,), CO,T, and = —(CH,), N
(R,—CH,—(CH,—0—CH,),—CH,—CO,T; W, and X,
are independently selected from —CR R, —O—, —NR_,
—S—, and —Se; V, is a single bond or is selected from
—0—, —S—, —Se—, and —NR_; a, and b, vary from 0
to 5;a, b, d, f, h, i, and j independently vary from 1-10; c,
e, g, and k independently vary from 1-100; R , R,, R, and
R, are defined in the same manner as Y,; and T is either H
or a negative charge.

[0059] In one exemplary embodiment, the indocyanine

dye corresponding to Formula 4 is bis(ethylcarboxymethyl)
indocyanine:

HO,C

[0060] In another exemplary embodiment, the indocya-

nine dye corresponding to Formula 4 is bis(pentylcarboxym-
ethyl)indocyanine:

CO,H CO,H
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[0061] In yet another exemplary embodiment, the indo-
cyanine dye is a polyhydroxyindole sulfonate falling within
the class of compounds represented by Formula 4 and
having the structure:

SO;Na

S0y SOy Na
n=1-3X;=H, Ol Y, = H, $O5, CO>H, CIL,CO,H, CH,OH

[0062] Methods for synthetic preparation of such polyhy-
droxyindole sulfonates, and for bis(ethylcarboxymethyl)in-
docyanine and bis(pentylcarboxymethyl)indocyanine, are
described in U.S. Pat. No. 6,887,854,

[0063] In another exemplary embodiment, the indocya-
nine dye is an indocyaninebispropanoic acid dye (n=1) or an
indocyaninebishexanoic acid dye (n=4) falling within the
class of compounds represented by Formula 4 and having
the structure:

[0064]
ninebispropanoic acid dye and of indocyaninebishexanoic
acid dye are described in U.S. Pat. No. 6,761,878.

Methods for the synthetic preparation of indocya-

[0065] In yet another group of embodiments, cyanine dyes
for use as optical agents in the processes of the present
invention correspond to Formula 5:

Formula 5
Rsy 1|145 Ray
R
% W Vs Xs Rys
) |
R N* / a5, ~ bs N R4
39 | i b | 2
Ro Y5 Bl ZBS Y
0 Bs-Ds 1

where R;,, Ry5, Ryo, Ryg, Rujy Rusy Rusy Ry, Rus, Y, and
7 are mdependently selected from —H, Cl C10 alkoxyl
Cl-ClO polyalkoxyalkyl, C1-C20 polyhydroxyalkyl,
C5-C20 polyhydroxyaryl, glucose derivatives of R groups,
saccharides, amino, C1-C10 aminoalkyl, cyano, nitro, halo-
gen, hydrophilic peptides, arylpolysulfonates, C1-C10 alkyl,
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C1-C10 aryl, —SO,T, —CO,T, —OH, —(CH,),SO,T,
—(CH,),080,T, —(CH,),NHSO,T, —(CH,),CO,(CH,)
»0,T, —(CH,),0CO(CH,),S0O,T, —(CH,),CONH(CH,)
,S0,T, —(CH,),NHCO(CH,),SO,T, —(CH,)NHCONH
(CH,),S0,T, —(CH,),NHCSNH(CH,),SO,T, —(CH,)
,OCONH(CH,),SO,T, —(CH,),PO,HT, —(CH,),PO.T,,
—(CH,),OPO;HT, —(CH,),0PO,T,. —(CH,)
JNHPOHT, —(CH,),NHPO,T,, —(CH,),CO,(CH,)
,PO,HT, —(CH,),CO,(CH,),PO,T,, —(CH,),0CO(CH,)
,LOHT, —(CH,),0CO(CH,),PO,T,, —(CH,),CONH
(CH,),PO,HT, —(CH,),CONH(CH,),PO,T,, —(CH,)
NHCO(CH,),PO;HT, —(CH,),NHCO(CH,),PO,T,,
—(CH,) ,ONCONH(CH,),PO,HT, = —(CH,) NHCONH
(CH,),PO,T,, —(CH,),NHCSNH(CH,),PO,HT, —(CH,)
NHCSNH(CH,),PO,T,, —(CH,),OCONH(CH,),PO,HT,
and —(CH,),0CONH(CH,),PO,T,, —CH,(CH,—O0—
CH,).—CH,—OH, —(CH,) ,—CO0,T, —CH,—(CH—0—
CH,),—CH,—CO,T, —(CH,)—NH,, —CH,—(CH,—
O0—CH,),—CH,—NH,, = —(CH,),—NR,)—(CH,)—
CO,T, and —(CH,),—N(R,)—CH,—(CH,—O—CH,),—
CH,—CO,T; W5 and X; are independently selected from
—CR.R,;, —O—, —NR_, —S—, and —Se; V is a single
bond or 1s selected from —O—, —S—, —Se—, and —NR ;
Dj is a single or a double bond; As, B; and E5 may be the
same or different and are independently selected from
—0—, —S8—, —Se—, —P—, —NR,, —CRR, CR,
alkyl, and —C=0; A, Bs, D, and E5 may together form a
6 or 7 membered carbocyclic ring or a 6 or 7 membered
heterocyclic ring optionally containing one or more oxygen,
nitrogen, or a sulfur atom; a, b, d, f, h, i, and j independently
vary from 1-10; ¢, e, g, and k independently vary from
1-100; a5 and by vary from 0 to 5; R, R,, R, and R, are
defined in the same manner as Y; and T is either H or a
negative charge.

[0066] Methods for the synthetic preparation of such poly-
hydroxyindole sulfonates and rigid heteratomic indole sul-
fonate are described in U.S. Pat. No. 6,887,854.

[0067] Instill another group of embodiments, indocyanine
dyes for use as optical agents in the processes of the present
invention correspond to Formula 6:

Formula 6
Ry
Res Rés
W 5
< "s ~ bs N Rs;
Rs

BG DG

where Ry, Ry7, Ryg, Ragy Rsgs Rspy Rsor Rszy Rsss Rss, Ry,
Ry, and Rss, Y6, and 7 are independently selected from
—H, C1-C10 alkoxyl, C1-C10 polyalkoxyalkyl, C1-C20
polyhydroxyalkyl, C5-C20 polyhydroxyaryl, glucose
derivatives of R groups, saccharides, amino, C1-C10 amino-
alkyl, cyano, nitro, halogen, hydrophilic peptides, arylpoly-
sulfonates, C1-C10 alkyl, C1-C10 aryl, —SO,T, —CO,T,
—0OH, —(CH,)SO0O,T, —(CH,),0S80,T, —(CH,)
(NHSO, T, —(CIL),CO4(CH,),50, T, —(CI1,),0CO(CIL,)
0,1,  —(CH,),CONH(CH,),SO,T, —(CH,),NHCO
(CH,),S0,T, —(CH,),NHCONH(CH,),SO,T, —(CH,)
NHCSNH(CH,),SO,T, —(CH,),O0CONH(CH,),SO,T,
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—(CH,),PO,HT, —(CH,),PO,T,. —(CH,),OPO,HT,
—(CH,),0P0,T,, —(CH,),NHPO,HT, —(CH,)
~NHPO,T,, —(CH,),CO,(CH,),PO,HT, —(CH,),CO,
(CH,),PO,T,, —(CH,),0CO(CH,),PO,HT, —(CH,)
.OCO(CH,),PO,T,, —(CH,) ,CONH(CH,),PO,HT,
—(CH,),CONH(CH,),PO,T,, —(CH,),NHCO(CH,)
»,POHT, —(CH,),NHCO(CH,),PO,T,, —(CH,),N-
HCONH(CH,),PO,HT, —(CH,) NHCONH(CH,),PO,T,,
—(CH,),NHCSNH(CH,),PO,HT, —(CH,) NHCSNH
(CH,),PO,T,, —(CH,),OCONH(CH,),PO,HT, and
—(CH,),0CONH(CH,),PO,T,, —CH,(CH,—0—CH,)
—CH,—OH, —(CH,),—CO0,T, —CH,(CH,0—CH,),—
CH,CO,T, —(CH,),—NH,, —CH,—(CH,—0—CH,),—
CH,—NH,, —(CH,),—N®R,)»—(CH,)—CO,T, and
—(CH,)—NR,)—CH,—~(CH,—O—CH,)—CH,—
CO,T;, W, and X, are independently selected from the group
consisting of —CR R,, —O—, —NR_, —S8—, and —Se;
V is a single bond or is selected from the group consisting
of —O0—, —S—, —Se—, and —NR_; D, is a single or a
double bond; A¢, B, and Eg may be the same or different and
are selected from —O—, —S—, —Se—, —P—, —NR_,
—CR_R,, CR, alkyl, and —C—0; A;, B, Dy, and E,; may
together form a 6 or 7 membered carbocyclic ring or a 6 or
7 membered heterocyclic ring optionally containing one or
more oxygen, nitrogen, or sulfur atom; a, b, d, f, h, 1, and j
independently vary from 1-10; ¢, e, g, and k independently
vary from 1-100; a4 and b vary from 0to 5; R, R,. R,, and
R, are defined in the same manner as Y; and T is either H
or a negative charge.

[0068] In one exemplary embodiment, the indocyanine
dye is a polyhydroxylbenzoindole sulfonate falling within
the class of compounds represented by Formula 6 and
having the structure:

OH

HO OH

Y, Yy X, HO

Y/

N*
é In
SOy
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to compounds of Formulas 1-6 as one or more R groups.
These structures are expected to be highly water soluble.

[0071] Instill yet another group of embodiments, pyrazine
derivatives for use as optical agents in the processes of the
present invention correspond to Formula 7:

X! N, Y2

I ji
/

Y! N X2

(CHy)p

;N\
Zl

\(CHZ)nJ

Formula 7

Formula A

where of X' and X* is characterized as an electron with-
drawing substituent and is independently selected from
—CN, —CO,R!, —CONR*R?, —COR*, —NO,, —SOR?,
—S0,R®, —80,0R” and/or —PO,R®*R®. Each of Y* and Y*
is characterized as an electron donating substituent and is
independently selected from —OR'®, —SR'!, —NR'"’R"?,
—N(R*)COR"® and/or substituents corresponding to For-
mula A below. Z' is a direct bond, —CR'*R'"—, —O—,
—NR'"®*—, —NCOR"—, —S—, —80—or—S80,—. “m”
and “n” are any appropriate integers between and including
1 and 6, and in one embodiment are any integers between
and including 1 and 3. R* to R'® are any suitable substituents
capable of enhancing biological and/or physicochemical

X7 Y, Y

SO3Na

n=1-3; X; = H, OH; Y5,Yg = H, SOy, COH, CH,CO,H, CH,0H

[0069]
hydroxylbenzoindole sulfonates is described in U.S. Pat. No.
6,887,854.

A method for synthetic preparation of such poly-

[0070]
aminetetraacetic

A hydrophilic chelating agent, such as ethylenedi-
acid (EDTA), diethylenetriaminepen-
taacetic acid (DPTA), 1,4,7,10-tetraazacyclododecanetet-
raacetic acid (DOTA), or their derivatives, can be attached

properties of the pyrazine derivatives. For example, each of
the R groups of R to R'* may independently be any one of
ahydrogen atom, an anionic functional group (e.g., carboxy-
late, sulfonate, sulfate, phosphonate and phosphate), and/or
a hydrophilic functional group (e.g., hydroxyl, carboxyl,
sulfonyl, sulfonato and phosphonato).

[0072] In one exemplary embodiment, the pyrazine
derivative corresponding to Formula 7 is 3,6-dicyano-2,5-
[(N, N,N',N'-tetrakis(carboxymethyl)amino]pyrazine:
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HO,C HN/\
H0,C T\I N N k/N i
2 ~ N |
| F HOXC NS
C N I\E\COZH ’ /\

N
NH
CO,H

[0077] In another exemplary embodiment, the pyrazine
derivative corresponding to Formula 7 is 3,6-bis(N-thiomor-

[0073] In another exemplary embodiment, the pyrazine / : : ia /
pholino)pyrazine-2,5-dicarboxylic acid:

derivative corresponding to Formula 7 is 3,6-[(N,N,N'N'-
tetrakis(2-hydroxyethyl)amino]pyrazine-2,5-dicarboxylic

X
9 XX
F
/\/N N\ COH HO,C N N/\
| s
Z OH
HO,C N NS
k/OH In yet another exemplary embodiment, the pyrazine deriva-

tive corresponding to Formula 7 is 3,6-bis(N-thiomor-
pholino)pyrazine-2,5-dicarboxylic acid S-oxide:

[0074] In yet another exemplary embodiment, the pyra-

zine derivative corresponding to Formula 7 is 3,6-bis(N- 0
azatedino)pyrazine-2,5-dicarboxylic acid: S/\
k/N 0)

N CO,H

| AN

B -
N N CO,H HO,C N N/\
k/ S

X
)

[0078] In another exemplary embodiment, the pyrazine
derivative corresponding to Formula 7 is 2,5-dicyano-3,6-

[0075] In another exemplary embodiment, the pyrazine bis(N-thiomorpholino)pyrazine S,S-dioxide:

derivative corresponding to Formula 7 is 3,6-bis(N-mor-
pholino)pyrazine-2,5-dicarboxylic acid: 0

N
o? K/

O
k/ [0079] Methods for the synthetic preparation of these
pyrazine derivatives are described in U.S. Patent Application

Ser. No. 60/815,712 and PCT published application WO

2006/0717509.
[0076]. In another e?(emplary embodupent, th§ pyrazie —— 10080] In yet another group of embodiments, pyrazine
derivative corresponding to Formula 7 is 3,6-bis(N-piper- derivatives for use as optical agents in the processes of the

azino)pyrazine-2,5-dicarboxylic acid: present invention correspond to Formula 8:
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Formula &
x3 N, x4
I \:E
/
Y3 N 14
(CH,)
;N\

—N 77

A\
(CHZ)q/

Formula B

where each of X* and X* is characterized as an electron
withdrawing substituent and is independently selected from
—CN, —CO,R*, —CONR?*'R**, —COR*, —NO,,
—SO0R?**, —SO,R?**, —S,0R?® and/or —PO,R*’R?®, Each
of Y* and Y* is characterized as an electron donating
substituent and is independently selected from —OR*®,
—SR*, —NR*'R?*?, —N(R**)COR** and/or substituents
corresponding to Formula B below. 72 is a direct bond,
—CR*»R*»—, —O—, —NR*—, —NCOR*—, —S—,
—SO— or —SO,—. “p” and “q” are any appropriate
integers between and including 1 and 6, and in one embodi-
ment are integers between and including 1 and 3. R*® to R*®
are any appropriate substituents capable of enhancing bio-
logical and/or physicochemical properties of the pyrazine
derivatives of Formula 8. For example, each of the R groups
of R*® to R*® may independently be any one of a hydrogen
atom, an anionic functional group (e.g., carboxylate, sul-
fonate, sulfate, phopshonate and phosphate), and/or a hydro-
philic functional group (e.g., hydroxyl, carboxyl, sulfonyl,
sulfonato and phosphonato).

[0081] Other optical agents that may be used as optical
agents in the processes of the present invention include, but
are not limited to, for example, florescein-polyaspartic acid
(6000) conjugates, fluorescein-polyaspartic acid (10000)
conjugates, fluorescein-polyglutamic acid (13000) conju-
gates, fluorescein-polyarginine (10000) conjugates, indo-
cyanine-dodecaaspartic acid conjugates, and indocyanine
(NIRD)-polyaspartic acid 6000 conjugates. Methods for the
preparation of these compounds are described in U.S. Pat.
No. 6,228,344.

III. Routes of Administration

[0082] Effective amounts of one or more optical agents
can be administered to a surgical patient by any one of
various processes known in the art. An optical agent may be
administered parenterally or enterally. In one embodiment,
one or more optical agents are administered systemically for
delivery to the renal system of a patient. For example,
optical agents can be administered to a patient intravenously,
intraarterially, orally, via a gastric or intestinal (e.g., duode-
nal orjejunal) feeding tube, by intramuscular injection, by
subcutaneous injection or infusion, by intraperitoneal injec-
tion or infusion, intrathecally, sublingually, rectally, vagi-
nally, nasally, by inhalation, by transdermal absorption
through the skin, or by intraosseous infusion.

[0083] Intravenous administration may be used to deliver
a single dose or bolus of one or more optical agents.
Alternatively, intravenous administration of the optical
agent(s) can be intermittent or continuous.

[0084] In another embodiment, the optical agents are
administered locally to a patient’s renal system or a tissue
thereof via an appropriate delivery device. For example, one
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or more optical agents may be injected into a tissue of the
renal system. As another example, one or more optical
agents may be infused or instilled into the bladder via a
urinary catheter. infusion or instillation of an optical agent
into the bladder via a urinary catheter may be preferred
where urinary catheterization is required or desirable for
other reasons (e.g., to drain urine while a patient is under
anesthesia). Infusion or instillation of optical agents into the
bladder via a urinary catheter may also facilitate detection of
the urethra.

[0085] The delay between administration of the optical
agent(s) and appearance of the optical agent(s) in a patient’s
renal system will vary depending on the specific optical
agent(s) involved, the route of administration, the route by
which the agent is primarily excreted (i.e., renal or hepato-
biliary) and the like.

[0086] Administration of more than one optical agent to a
surgical patient can be accomplished by administering a
formulation (e.g., a sterile solution for intravenous or intra-
peritoneal administration) containing all of the optical
agents to be administered. Alternatively, each optical agent
may be administered in a separate formulation. When more
than one optical agent is administered to a patient, admin-
istration of each agent need not be via the same route (e.g,,
one agent could be administered by infusion into the bladder
via a urinary catheter while another is administered intra-
venously). Administration of multiple optical agents may be,
but need not be, simultaneous.

[0087] In some embodiments of the invention, the renally
excretable optical agents may be co-administered with other
biocompatible compounds.

IV. Formulations

[0088] The renally excretable optical agents can be for-
mulated into compositions for enteral or parenteral admin-
istration to a patient. In general, such compositions contain
an effective amount of one or more optical agents, along
with pharmaceutical carriers and excipients appropriate for
the desired route of administration. The composition may
thus contain a single optical agent or may contain a com-
bination of two or more optical agents for co-administration
to a patient.

[0089] In one embodiment, the optical agent(s) is/are
formulated as sterile aqueous solutions or suspensions for
parenteral administration. Such parenteral solutions or sus-
pensions may be injected directly or mixed with a large
volume parenteral composition for systemic administration.
Exemplary routes for administration of such solutions
include intravenous administration, intraperitoneal injection
or infusion, or infusion into the bladder via a urinary
catheter.

[0090] Sterile aqueous solutions or suspensions for par-
enteral administration which contain one or more renally
excretable optical agents may also optionally contain one or
more of the following components: pharmaceutically
acceptable buffers, electrolytes (e.g., sodium chloride),
diluents, solvents, antimicrobial agents, chelating agents
(e.g., ethylenediaminetetraacetic acid (EDTA)), preserva-
tives, surfactants, and/or any other appropriate biocompat-
ible compound.

[0091] In another embodiment, the optical agents may be
formulated for enteral administration, for example, as sterile
aqueous solutions or suspensions or as solids. Optical agents
formulated in a sterile aqueous solution or suspension for
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enteral administration may be administered, for instance,
orally or via a feeding tube. Such solutions or suspensions
may also optionally contain one or more of the following
components in addition to the optical agent(s): pharmaceu-
tically acceptable buffers, electrolytes (e.g., sodium chlo-
ride), diluents, solvents, antimicrobial agents, chelating
agents (e.g., ethylenediaminetetraacetic acid (EDTA)), pre-
servatives, surfactants, thixotropic agents, and/for any other
appropriate biocompatible compound. Aqueous solutions
for oral administration may also optionally contain flavoring
agents and/or other ingredients for enhancing their organo-
leptic qualities.

[0092] The optical agents may also be formulated as solids
for oral administration. For example, the optical agents may
be enclosed in capsules or compressed into tablets. Solid
formulations for oral administration containing one or more
renally excretable optical agents may also optionally contain
one or more of the following components: binders (e.g., a
starch, sugar, cellulose, or sugar alcohol), fillers (e.g., a plant
cellulose, dibasic calcium phosphate, soybean oil, or saf-
flower oil), disintegrants, lubricants (e.g., stearic acid or
magnesium stearate), coatings (e.g., cellulose or a synthetic
polymer), sweeteners or other flavoring agents, preserva-
tives, and/or any other appropriate biocompatible com-
pound.

[0093] In yet another embodiment, the optical agents may
be formulated as solids to be reconstituted into a sterile
aqueous solution or suspension prior to administration.
[0094] The optical agents may be formulated in lipo-
somes, micelles, microspheres, or microcapsules. Prepara-
tion and loading may be accomplished by processes well
known in the art.

V. Dosing

[0095] The amount of an optical agent administered for a
surgical procedure will typically depend upon the optical
agent administered, the route of administration, the means
employed for detection, the tissue(s) to be delimited, the
degree of fluorescence desired, and the surgical method
employed. By way of example, dosages may typically range
from about 0.05 pm/kg body weight to about 20 m/kg of
body weight.

VI Kit

[0096] For convenience, optical agents for use in accor-
dance with the processes of the present invention may be
provided to the user in the form of a kit containing some or
all of the necessary components. The kit may include one or
more of the following components: (i) one or more optical
agents, (i) means for administration (e.g., syringe), and (iii)
instructions for using the composition to optically detect one
or more tissues of the renal system of a surgical patient. The
kit may also optionally contain buffers, excipients, salts,
preservatives, and the like.

[0097] Inoneembodiment, the optical agent is provided in
the kit as a sterile aqueous solution or suspension that can be
administered, for example, intravenously, by infusion into
the bladder via a urinary catheter, by intraperitoneal injec-
tion or infusion, or in any other appropriate manner. Alter-
natively, the optical agent may be provided in the kit as a
sterile aqueous solution or suspension for oral administra-
tion. In yet another embodiment, the optical agent may be
provided in the kit as a solid composition (e.g., a tablet or
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capsule) that can be administered orally. In yet another
embodiment, the optical agent may be provided in the kit as
a solid formulation for reconstitution into a sterile aqueous
solution or suspension prior to administration to a surgical
patient.

[0098] The instructions of the kit of the present invention
may include, for example, information about the optical
agent(s) (e.g., dosage information, optimal absorption or
excitation wavelengths, optimal detection wavelengths,
renal clearance kinetics, optimal timing of administration
with relation to the surgical procedure, and the like), infor-
mation regarding any other compounds included in the
formulation (e.g., buffers, diluents, preservatives, efc., as
described above), instructions for reconstituting a solid
biocompatible composition included in the kit, instructions
for administering the biocompatible composition of the kit
to a surgical patient, instructions for detecting an optical
agent following administration to a surgical patient, instruc-
tions for optimizing detection of the optical agent(s), and/or
instructions for determining the extent of renal excretion of
the optical agent(s).

[0099] The following examples are provided in order to
more fully illustrate the present invention.
EXAMPLES
Example 1

Renal Clearance of
3,6-Diaminopyrazine-2,5-Dicarboxylic Acid in an

Intact Rat

[0100]

0]
N NH,
HO x
Z (0]
N N

OH

[0101] Incident laser light having a wavelength of about

470 nm was delivered via a fiber optic bundle to the ear of
an anesthetized intact Sprague-Dawley rat. A photodetector
was used to detect fluorescence from within the ear. A
background reading of fluorescence was obtained prior to
administration of optical agent. A pyrazine agent (2 ml of a
0.4 mg/ml solution of 3,6-diaminopyrazine-2,5-dicarbonyl
acid in PBS) was then administered to the rat by a bolus
injection into the lateral tail vein. As shown in FIG. 1, after
injection, the fluorescence signal rapidly increased to a peak
value, then decayed as a function of time, indicating the
agent was cleared from the bloodstream over a period of
slightly over twenty minutes.

[0102] The blood clearance time profile likely followed a
two compartment pharmacokinetic model. The fluorescent
signal arising from the agent concentration in the blood as a
function of time was therefore fit to a double exponential
decay. The equation employed to fit the data was:

S=Ae""4Be "4C 6

where S is the fluorescent light intensity signal measured,
and t is the time point of the measurement. The decay times
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T, and T,, and the constants A, B, and C were deduced from
the fitting procedure. The non-linear regression analysis
package in SigmaPlot® (Systat Software Inc., Richmond
Calif.) was used to fit data to Eq. (1). In this and the
following example, T, represents the time constant for vas-
cular-extracellular fluid equilibrium, and T, represents opti-
cal agent clearance from the blood.

Example 2

Renal Clearance of
3,6-Diaminopyrazine-2,5-Dicarboxylic Acid in a
Bilaterally Nephrectomized Rat

[0103] An anesthetized Sprague-Dawley rat was bilater-
ally nephrectomized. Incident laser light having a wave-
length of about 470 nm was delivered via a fiber optic
bundle to the ear of the rat. A photodetector was used to
detect fluorescence from within the ear. A background
reading of fluorescence was obtained prior to administration
of the pyrazine agent. The pyrazine agent (2 ml of a 0.4
mg/ml solution of 3,6-diaminopyrazine-2,5-dicarbonyl acid
in PBS) was then administered to the rat by a bolus injection
into the lateral tail vein. As shown in FIG. 2, shortly after the
injection, the detected fluorescence signal rapidly increased
to a peak value. However, the pyrazine agent was not cleared
because the blood supply to the kidneys, the organ through
which excretion would occur, had been arrested. Specifi-
cally, the renal arteries were tied off to block blood flow to
the kidneys. The failure of the pyrazine agent to clear from
the blood of the bilaterally nephrectomized rat indicated that
the agent was renally excretable.

[0104] A comparison of clearance data from the intact rat
(FIG. 1) and the bilaterally nephrectomized rat (FI1G. 2) is
shown in FIG. 3. Experiments similar to those shown in
FIGS. 1 and 2 can be used to determine whether or not a
candidate agent is renally excretable.

Example 3

Detection of 3,6-Diaminopyrazine-2,5-Dicarboxylic
Acid in a Rat Ureter

[0105] A Sprague-Dawley rat was anesthetized with a
cocktail of ketamine (87 mg/kg) and xylazine (2.6 mg/kg)
administered by intraperitoneal injection. After the animal
had achieved the desired plane of anesthesia, a 25 gauge
butterfly with 3" tubing was placed in the lateral tail vein of
the animal and flushed with saline. The rat was placed onto
a heating pad and kept warm throughout the study.

[0106] An abdominal incision was made to access the
ureters and expose the ureters to a laser having the appro-
priate wavelength to cause the optical agent employed to
fluoresce. Data acquisition was initiated, and a background
reading of fluorescence was obtained prior to administration
of the optical agent.

[0107] The optical agent, 3,6-diaminopyrazine-2,5-dicar-
boxylic acid, was administered to the rat by a bolus injection
into the lateral tail vein and traveled through the circulatory
system and kidneys to reach the ureters. The dose of optical
agent was about 2 mL of 0.4 mg/mL solution in PBS. The
rat weighed approximately 250 g.

[0108] A3 mW laser from Power Technology, Inc. (Little
Rock, Ark.) was used to emit light into one end of a fiber
optic bundle, the other end of the bundle being positioned
adjacent the ureter. As shown in FIG. 4, fluorescence from
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the optical agent within the ureter was detected about 40
minutes after intravenous administration of the optical
agent. Fluorescence was only observed from the ureter and
not from any surrounding tissue, indicating that the optical
agent was confined within the ureter and was not present in
surrounding tissues. As shown in FIGS. 5-6, when the
surgical field was exposed to incident light having a wave-
length of about 470 nm, the optical agent within the ureters
emitted fluorescent energy at a wavelength of about 530 nm.
Images of the surgical field showing the fluorescing optical
agent in the ureter are shown in FIGS. 5-6 (in the absence
of a 500 nm long pass filter) and FIG. 7 (in the presence of
a 500 nm long pass filter).

[0109] When introducing elements of the present inven-
tion or the preferred embodiment(s) thereof, the articles “a,”
“an,” “the,” and “said” are intended to mean that there are
one or more of the elements. The terms “comprising,”
“including,” and “having” are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.

[0110] In view of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results are attained.

[0111] As various changes could be made in the above
processes and compositions without departing from the
scope of the invention, it is intended that all matter contained
in the above description and shown in any accompanying
figures shall be interpreted as illustrative and not in a
limiting sense.

1-14. (canceled)

15. A process for using a fluorescent agent in a surgical
procedure, the process comprising:

administering a renally excretable fluorescent agent into
the bloodstream of a patient, wherein the renally excre-
table optical agent is a pyrazine molecule, or a phar-
maceutically acceptable formulation thereof;

irradiating a ureter of the patient’s renal system with
infrared radiation, visible radiation, ultraviolet radia-
tion or combinations thereof to excite the agent in the
patient’s urine and cause the agent to fluoresce; and

detecting the agent’s fluorescence in the irradiated ureter
to demarcate the position of the ureter and distinguish
the ureter from the surrounding tissue during the sur-
gical procedure, wherein the surgical procedure is
selected from an abdominal surgery and a pelvic sur-
gery.

16. The process of claim 15, wherein the pyrazine mol-

ecule is a compound of Formula 7, and

X! N Y2
X
Y! N/ x2
(CH)m
PR

—N 71

\(CHZ)nJ

Formula 7

Formula A
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X! and X? are each independently selected from the group
consisting of —CN, —CO,R!, —CONR?R?, —COR?,
—NO,, —SOR’>, —SO,R%, —S0,0R” and
—PO,R®R?;

Y" and Y* are each independently selected from the group
consisting of —OR'®, —SR™, —NR!*R'?, —N(R'
COR' and Formula A;

7' is selected from the group consisting of a direct bond,
—CR!"RY—, —O—, —NR'®, _NCOR*"—, —S—,
—SO0— and —SO,—;

m and n are integers from 1 to 6;

R! 1o R*® are any suitable substituents capable of enhanc-
ing biological and/or physicochemical properties of the
pyrazine molecule.

17. The process of claim 16, wherein R* to R*® are each
independently selected from the group consisting of hydro-
gen, carboxylate, sulfonate, sulfate, phosphonate, phos-
phate, hydroxyl, carboxyl, suflonyl, sulfonato, and phospho-
nato.

18. The process of claim 16, wherein the pyrazine mol-
ecule of Formula 7 is selected from the group consisting of
3,6-dicyano-2,5-[ (N, N,N'N'-tetrakis(carboxymethyl)amin-
olpyrazine, 3,6-[(N,N,N',N'-tetrakis(2-hydroxyethyl)amino]
pyrazine-2,5-dicarboxylic acid, 3,6-bis(N-azatedino)pyra-
zine-2,5-dicarboxylic acid, 3,6-bis(N-morpholino)pyrazine-
2,5-dicarboxylic acid, 3,6-bis(N-piperazino)pyrazine-2,5-
dicarboxylic acid, 3,6-bis(N-thiomorpholino)pyrazine-2,5-
dicarboxylic acid, 3,6-bis(N-thiomorpholino)pyrazine-2,5-
dicarboxylic  acid  S-oxide,  2,5-dicyano-3,6-bis(N-
thiomorpholino)pyrazine S,S-dioxide, 3,6-diaminopyrazine-
2,5-dicarboxvlic acid, and pharmaceutically acceptable
formulation thereof.

19. The process of claim 15, wherein the pyrazine mol-
ecule is administered by a route selected from the group
consisting of parenterally, enterally, intravenously, intraar-
terially, orally, gastric or intestinal feeding tube, intramus-
cular injection, subcutaneous injection or infusion, intrap-
eritoneal injection or infusion, intrathecally, sublingually,
rectally, vaginally, nasally, by inhalation, transdermal
absorption through the skin and intraosseous infusion.

20. The process of claim 19, wherein the pyrazine mol-
ecule is administered intravenously.

21. The process of claim 15, wherein the pyrazine mol-
ecule is detected using at least one of unaided eye, camera,
charged coupled device, photomultiplier tube, avalanche
diode, and photodiodes.

22. The process of claim 15, wherein the surgical mol-
ecule is selected from the group consisting of total or partial
hysterectomy, oophorectomy, tubal ligation, surgical
removal of ovarian cysts, anterior repair of the vaginal wall,
caesarean section, repair of a pelvic prolapse, pelvic mass
resection, removal of a fallopian tube, adnexectomy,
removal of an ectopic pregnancy, vasectomy, prostatectomy,
hernia repair surgery, colectomy, cholecystectomy, appen-
dectomy, hepatobiliary surgery, splenectomy, distal or total
pancreatectomy, the Whipple procedure, and abdominal or
pelvic lymphadenectomy.

23. The process of claim 15, wherein the pharmaceuti-
cally acceptable formulation comprises one or more excipi-
ents selected from the group consisting of buffers, electro-
Iytes, diluents, solvents, antimicrobial agents, chelating
agents, preservatives, surfactants, thixotropic agents, flavor-
ing agents, binders, fillers, disintegrants, lubricants, sweet-
eners, and combinations thereof.
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24. A process for using a fluorescent agent in a surgical
procedure, the process comprising:
irradiating a surgical field of a patient undergoing an
abdominal surgery with infrared radiation, visible
radiation, ultraviolet radiation or combinations thereof
to excite a renally excretable fluorescent agent in the
patient’s urine and cause the agent to fluoresce, which
1s located in a ureter of the patient’s renal system in the
surgical field during the irradiating, wherein the renally
excretable optical agent is a pyrazine molecule, or a
pharmaceutically acceptable formulation thereof; and
surgically manipulating a tissue of the patient based, at
least in part, on optical detection of the agent’s fluo-
rescence in the ureter and distinguishing the ureter from
the surrounding tissue during the abdominal surgery.
25. The process of claim 24, wherein the pyrazine mol-
ecule is a compound of Formula 7, and

X! N Y2
\/\E \I
/
Y! N X2
(CHp)m
;N
Zl

N
\(CHz)nJ

Formula 7

Formula A

X' and X* are each independently selected from the group
consisting of —CN, —CO,R!, —CONR?R?, —COR®,
—NO,, —SOR’>, —SO,R’>, —SO,0R” and
—PO,R*R?;

Y! and Y? are each independently selected from the group
consisting of —OR'®, —SR™, —NR!*R"?, —N(R'*%
COR'® and Formula A;

7! is selected from the group consisting of a direct band,
—CR'R'"—, —0O—, —NR'"™— _NCORY"—,
—S—, —SO0— and —SO,—;

m and n are integers from 1 to 6;

R' to R" are any suitable substituents capable of enhanc-
ing biological and/or physicochemical properties of the
pyrazine molecule.

26. The process of claim 25, wherein R! to R' are each
independently selected from the group consisting of hydro-
gen, carboxylate, sulfonate, sulfate, phosphonate, phos-
phate, hydroxyl, carboxyl, suflonyl, sulfonato, and phospho-
nato.

27. The process of claim 25, wherein the pyrazine mol-
ecule of Formula 7 is selected from the group consisting of
3,6-dicyano-2,5-[ (N,N,N'N'-tetrakis(carboxymethyl)amin-
olpyrazine, 3,6-[(N,N,N'N'-tetrakis(2-hydroxyethyl)amino]
pyrazine-2,5-dicarboxylic acid, 3,6-bis(N-azatedino)pyra-
zine-2,5-dicarboxylic acid, 3,6-bis(N-morpholino)pyrazine-
2,5-dicarboxylic acid, 3,6-bis(N-piperazino)pyrazine-2,5-
dicarboxylic acid, 3,6-bis(N-thiomorpholino)pyrazine-2,5-
dicarboxylic acid, 3,6-bis(N-thiomorpholino)pyrazine-2,5-
dicarboxylic  acid  S-oxide,  2,5-dicyano-3,6-bis(N-
thiomorpholino)pyrazine S,S-dioxide, 3,6-diaminopyrazine-
2,5-dicarboxylic acid, and pharmaceutically acceptable
formulation thereof.

28. A process for using a fluorescent agent in a surgical
procedure, the process comprising:
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administering a renally excretable fluorescent agent into
the bloodstream of a patient, wherein the renally excre-
table optical agent is a pyrazine molecule, or a phar-
maceutically acceptable formulation thereof;

irradiating a ureter of the patient with infrared radiation,
visible radiation, ultraviolet radiation or combinations
thereof to excite the agent and cause the agent to
fluoresce;

subsequent to the administering, detecting the agent’s
fluorescence based, at least in part, on the irradiating;
and

determining if the agent is retained in the urine within the
ureter based, at least in part, on the detecting fluores-
cence.

29. The process of claim 28, wherein the pyrazine mol-

ecule is a compound of Formula 7, and

X! N Y?
I t[
=
Y! N X2
(CHy)m
;N\

—N 71

\(CHZ);IJ

Formula 7

Formula A

X! and X? are each independently selected from the group
consisting of —CN, —CO,R!, —CONR?R?, —COR®,
—NO,, —SOR’>, —SO,R®, —SO,0R” and
—PO,R*R?;
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Y! and Y* are each independently selected from the group
consisting of —OR'?, —SR', —NR'"R'3, —N(R')
COR'® and Formula A;

7! is selected from the group consisting of a direct bond,
—CR'"R""—, —O0—, —NR'®*, —NCOR""—, —S—,
—SO— and —SO,—;

m and n are integers from 1 to 6;

R' to R' are any suitable substituents capable of enhanc-
ing biological and/or physicochemical properties of the
pyrazine molecule.

30. The process of claim 29, wherein R! to R' are each
independently selected from the group consisting of hydro-
gen, carboxylate, sulfonate, sulfate, phosphonate, phos-
phate, hydroxyl, carboxyl, suflonyl, sulfonato, and phospho-
nato.

31. The process of claim 29, wherein the pyrazine mol-
ecule of Formula 7 is selected from the group consisting of
3,6-dicyano-2,5-[ (N,N,N',N'-tetrakis(carboxymethyl)amin-
olpyrazine, 3,6-[(N,N,N'N'-tetrakis(2-hydroxyethyl)amino]
pyrazine-2,5-dicarboxylic acid, 3,6-bis(N-azatedino)pyra-
zine-2,5-dicarboxylic acid, 3,6-bis(N-morpholino)pyrazine-
2,5-dicarboxylic acid, 3,6-bis(N-piperazino)pyrazine-2,5-
dicarboxylic acid, 3,6-bis(N-thiomorpholino)pyrazine-2,5-
dicarboxylic acid, 3,6-bis(N-thiomorpholino)pyrazine-2,5-
dicarboxylic  acid  S-oxide,  2,5-dicyano-3,6-bis(N-
thiomorpholino)pyrazine S,S-dioxide, 3,6-diaminopyrazine-
2,5-dicarboxylic acid, and pharmaceutically acceptable
formulation thereof.
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