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Abstract

Indocyanine Green is exclusively extracted by hepatic polygonal cells and
is excreted entirely in bile. It has no significant entero-hepatic circulation.
These properties make indocyanine green a suitable agent for estimating liver
function. Indocyanine green is commercially available and contains small amounts
of sodium iodide. Development of a method to remove the sodium iodide adulterant
allowed efficient labeling of the indocyanine green with iodine-123. The pres-
ent study is a preliminary report of the distribution of 1231 labeled indo-
cyanine green in mice and dogs. Computer generated dynamic curves were obtained
in rabbits. Serial scintiphctos were taken in normal and common bile duct obstruct-
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ed dogs. Preliminary data indicates the feasibility of I-Indocyanine Green

as a radiopharmaceutical agent for dynamic studies of the hepatobiliary system.
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INTRODUCTION

The medicinal use of dyes was appreciated as early as 1890, when methylene
blue was recommended as an intestinal antiseptic. Since then various dyes have
been used as diagnostic as well as therapeutic agents.

In 1909, Abel and Rowntree [1] introduced halogenated phthaleins for the
study of hepatic physiology. Various dyes were investigated until Rosenthal and
White, in 1925, reported the advantages of bromsulphalein (BSP) as a test of
hepatic function [2]. Although the BSP liver function test is considered a
sensitive one, it has the following main limitations:

1) There may be a local reaction at the site of the injection [3].

2) Severe generalized allergic (sometimes fatal) reactions can occur ([4,5].

3) It can not be used in patients with jaundice.

4) Up to 20% renal excretion can occur in patients with severe liver dis-
ease [2].

In 1924 Delprat introduced the use of Rose Bengal as a liver function
test [6]. Rose Bengal is taken up by, and stored in the hepatic polygonal
cells rather than in the Kupffer cells of the liver [7]. It has a smaller ra-
tio of extrahebatic clearance than that of BSP [8]. 1In 1955 Taplin et al. des-
cribed 131I—labeled Rose Bengal as an agent for the determination of liver
function [9]. The 131I-Rose Bengal test has heen modified by various investi-
gators but the use of radiolabeled Rose Bengal in the differential diagnosis of
jaundice has not been universally accepted.

Another dye which has been commonly used for hepatic function tests is
indecyanine green (ICC) first introduced by Fox et al.[10]. This dye (Fig. 1)
is exclusively extracted and stored by polygonal cells of the liver before it
is excreted into the bile. Hunton et al. have recovered over 97% of injected

dye from the bile and have shown that this dye has no extrahepatic extraction




and that no ICG was detected in the urine of hepatectomized dogs nor in dogs or
rats with biliary obstruction [11].
ICG has been extensively used in dye dilution curves applied to cardiac
output measurement, cororary flow and for continuous recording of blood flow
in the limbs. Since its introduction in 1957 it has been used in the study of
hemodynamic changes during hemodialysis [12], measurements of pulmonary shunts [13],
evaluation of the severitv and progressiom of shock [14), anglography of the
oculochoroidal circulation [15], estimation of blood volume [16], and as a
test for determination of hepatic function [17,18].
Animal studies and human data indicated that:
1) the plasma decay 18 exponential or exponential in the initial stages.
2) it is rapidly and exclusively removed from the plasma by the liver
and excreted in the bile.
3) the plasma disappearance rate is dose dependent [19;.
4) there is no detectable urinary excretion of ICG [10].
5) it does not cross the placenta [20].
Taking these advantages into consideration, indocyanine green was thought

to be potentially useful as a labelled compound for heputic functional evalua-

tion. This is a preliminary report on the evaluation of 1231-1abe1ed ICG as

an agent for liver function testing.

METHODS AND MATERIALS:
23

A. Preparatcion of 1 I-ICG

Indocyanine Green ("Cardio-Green") was obtained from Hyson, Westcott and
Dunning, Inc of Baltimore, Maryland. The commercial ICG contained 2-5% sodium
iodide. The ICG was repurified to reduce the bulk stable iodine content to

below the limits of chemical detection by x-ray fluorescence spectrometry.



We are presently evaluating several methods of labeling ICG. However,

for this preliminary evaluation excitation labeling was used in order to in~-

troduce iodine-123 into the molecule {21]. Iodire-123 atoms and 123I-e1ectroni-

cally excited ions resulting from the decay of xenon-123 via the nuclear trans-

+
123Xe 8, EC 1231 are the labeling speciles. See Fig. 1.

2.1 hr
The BNL 60" cyclotron was used [22] to produce 123}(e via the 122Te (a,3n) 123Xe

formation:

127 123
nuclear reaction, or alternately, the I (p,5n) Xe reaction was used

at the Brookhaven Linac [23].

Less than 2 mg of the repurified, dried, crystalline ICG was placed in a

pyrex reaction vessel, aud carrier-free 123Xe was adsorbed onto the dye at

77°k. After a decay perlod of approximately 6 hours, the remaining radioxenon

was evacuated from the vessel, the ICG was dissolved, and the 123I-ICG was

separated from the inorganic iodine~123. The specific activity of the 1231-ICG
was generally 1-1.5 mCi/mg. The overall radiochemical yield was generally > 10%.
The radionuclidic purity was > 99.8% as 1231, with the only radichalogen impurity
being < 0.2% 12°1,

The radiochemical purity was established by thin layer chromatography

using aluminum oxide N. The developing solvent was: Pyridine: water: isopropyl

alcohol: ammonia (4:4312.5:0.4). The 123I-ICG, carrier free in iodine-123, was

shown to be composed of at least tws iodinated products, characterized by

Rf = 0,55 and Rf = (0.80.

The free 123I-iodide was always < 0.1Z using either the above tlc system
(iodide Rf = 0.45), or on a tlc strip of silica gel and using 0.3 N HCl as the

solvent gave iodide Rf = 0.85 - 1.0.

B. Animal Experiments:

1) Tissue distribution in mice:




Mice were injected with 0.16 mg/kg to 43 mg/kg of ICG in the tail vein
and tissue distribution studied from 30 seconds to one hour after injection.
At least 3 mice were included in each group.

2) Dynamic studies in 2 rabbits were obtained through sequential imaging
using a Searle Radiographics HP camera with a low energy parallel hole collimator
interfaced with a Nuclear Data Med. II Computer System.

3) -Five normal mongrel adult dogs were used to study the dynamics of

2

biliary excretion of 1 JI-ICG. Three were used as controls. One dog had the

common bile duct ligated surgically at its distal end near the duodenum 2

months prior to study. In another dog, an external fistula was created througb a
tube placed in the common bile duct, and a tie placed beyond the tube distally.
1231-ICG was injected intravenously as a bolus in doses of 35 uCi - 1.7 mCi.

No dog received a loading dose of ICG greater than 1 mg/kg of body weight. Multi-

ple blood samples were collected for estimation of blood disappearance rate of

1231-ICG.

RESULTS
The tissue distribution in mice receiving different loading doses is shown

123

in Table I. When mice were injected with high specific activity I-ICG, the

excretion of dye in the gut of mice was noted as early as 30 seconds after in-
jection and in 15 minutes the activity in the gut exceeded that in the liver
figure 2, With higher loading doses the extraction is slow, storage time is
prolonged, and there is slow excretion from the liver. With a small loading
dose the extraction from blood and excretion from the liver is rapid with a

123

short retention time in the liver. When mice were injected with I-ICG in a

dose of 0.16 mg/kg the hepatic half time was less than 15 minutes,



As the specific activity was improved by lowering the loading dose of
indocyanine green, uptake in the spleen and lungs dropped. With a loading
dose of 8 mg/kg of body weight, lung showed very high uptake and was the sec~-

ond highest organ after the liver,

The effects of different loading doses in mice is summarized in figures

3 and 4.
The loading dose effect was further studied in 2 New Zealand rabbits. One
rabbit was injected intravenously with 1231 labeled indocyanine green with

15 mg/kg of body weight, and the other with 0.5 mg/kg of body weight. The
curves extracted from the data collected are shown figure 5.

Figure 5a shows that with low specific activity, the extraction of the
labeled dye is slow and the maximum activity in the liver is reached in approx-
imately 30 minutes and then plateaus out. With a lower dose, i.e. 0.5 mg/kg of
body weight, the activity peaked in approximately 10 minutes and excretion fol-

lowed as seen in figure 5b.

When radiolabeled ICG was injected intravenously in normal dogs the mixing
time in the blood was rapid and the 'r;5 of blood disappearance of the 123I-ICG
was 7.6 minutes (range 7 to 10.5 minutes). The early disappearance was mono-
exponential. The average plasma disappearance was 10.3 percent per minute
(range 7.29 to 12.6% per minute). In one dog with complete bile duct obstruc-
tion, the blood disappearance was bi- rather than mono-exponential with a very
slow second component (figure 6). Tissue distribution of 123I-ICG in dogs is
given in table II. In normal dogs, the activity in the bile was noted as
early as 3 minutes. Sequential scintiphotos in normal dog were obtained with the

gamma camera and are shown in figure 7. This shows that immediately after injec-

tion the gall bladder fossa is seen as a filling defect and as the dye is ex-



creted by the polygonal cells in the biliary system, activity can be seen ac-
cumulating in the hepatic ducts and gradually entering the gall bladder.
Figure (7-d) clearly shows both hepatic ducts, common bile duct and the gall

bladder. A 99mTc sulfur colloid liver scan Fig. 7f was taken at the end of

the 24 hour 123I-ICG study.

In the serial scintiphotos obtained in a dog with common bile duct ob-
struction, the gall bladder 1s wvisualized as a cold area and the activity ac-
cumulates in the bile duct at the site of obstruction and is seen as a hot
area (Fig. 8 a-c). These scintiphotos clearly indicate that the excretion of
123I-ICG is delayed as compared with the scintiphotos (Fig. 8 d-f), taken in a
normal dog at a comparable time interva.as.

COMMENTS

Indocyanine Green 1s exclusively extracted by the hepatic polygonal cells
and its complete recovery from the bile makes this dye suitable for the study
of liver function [10].

In spite'of its exclusive use 1n various dose concentrations and in dif-
fereat clinical situations, serious side effects are rare. Michie et al. [24]
has reported adverse reactions in 3 uraemic patients on chronic hemodialysis.
Although the mechanism of'adverse reaction was not clear in these patients,
commercially available indocyanine green contains a small amount of sodium
iodide and patients with allergy to iodides may manifest an adverse reaction
to the dye [25]. Before labeling indocyanine green, it was purified of sodium

iodide and then labeled, as described in the text, to make it free of side

effects.

The present study indicates that carrier-free 123I-ICG behaves in a man-

ner similar to unlabeled indocyanine green.



Hunton et al. [19] reported that a dosage of 9.0 mg/kg of body weight
changad the plasma disappearance rate from 9.3% per minute to 3.8% per minute.
The Tli blood disappearance of 9.8 min. in dogs reported by Rapaport et al.

[26] and 5.2 min and 10.5 min in two dogs reported by Wheeler et al. [27] is in

agreement with our data. Similarly the plasma disappearance rate as reported

here confirms that 123I labeled ICG behaves like unlabeled ICG.

Our data shows that maximum concentration of 123I-ICG in mice and rabbits
liver reaches a peak earlier and the excretion with smaller loading doses is
faster.

The scintiphotos of hepato billiary system in normal dogs and a dog with

complete bile duct obstruction indicate that ome can differentiate the normal

pattern from complete biliary obstruction.
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Chemical structure. Indocyanine Green.

12"SI-ICG distribution in mice, loading dose 0.16 mg/kg.

Liver clearance of radioiodine labeled ICG in mice with different

loading doses.

Liver clearance of 1231 ICG in mice as a function of loading

dose and the time after administration.

Dynamic liver clearance of 123I ICG in rabbits.

123I ICG Blood disappearance curve in dogs.

Serial scintiphotos of hepatobiliary system in normal dog.

(A-D) shows excretion of 1231 ICG from liver into biliary tree.

(E) 24 hour scintiphoto with residual activity in the gall bladder.
(F) gngc Sulfur Colloid Scintiphoto taken after (E).

Serial scintiphotos of hepatobiliary system comparison of normal
with complete bile duct obstruction. (A, B and C) complete bile

duct obstruction, (D,E and F) are normal.
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(A) 15 minutes (B) 60 minutes (C) 80 minutes

(D) 2 hours (E) 24 hours (F)

SERIAL SCINTIPHOTOS OF HEPATOBILIARY SYSTEM IN NORMAL DOG. (A-D) SHOWS
EXCRETION OF 231 ICG FROM LIVER INTO BILIARY TREE. (E) 24 hour SCINTIFHOTO
WITH RESIDUAL ACTIVITY IN THE GALL BLADDER. (F) 99mT¢ SULFUR COLLOID
SCINTIPHOTO TAKEN AFTER (E).
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(A) 15 minutes (B) 40 minutes (C) 95 minutes

(D) 15 minutes (E) 40 minutes (F) 80 minutes

SERIAL SCINTIPHOTOS OF HEPATOBILIARY SYSTEM. COMPARISON OF NORMAL
WITH COMPLETE BILE DUCT OBSTRUCTION. (A,B,ondC) COMPLETE BILE DUCT
OBSTRUCTION, (D,E,and F) ARE NORMAL.



TABLE | ORGAN DISTRIBUTION CF 12M - INDOCYANINE GREEN
N MICE WITH DIFFERENT LOADING DOSES

Time of sacrificc 0.5 min t min 2 min S min S mn 30 min 0 man
Loading dosc mg/kg
weight 0.1 0.16 016 04 1.0 30 016 043 10 30 016 043 1.0 30 e o8 [X) 80 o 0a) [X1] 30
body
T activity ‘organ % Activity/organ % Activity/orgen S Activity/orges G Activity/ergan t Activiiy‘ergan

LIVER 853 1098 1429 5140 2358 2703 1487 556 W33 N7 S517 %050 2130 8 SMIT AN M0 LW 415 &R D%
=0.15 =044 =190 £5.38 =151 =107 =076 =658 =19 =076 =200 =531 =224 =U¥) =LH =19 =6 L =ie8 =193 =1)2

SPLEEN 0.15 028 035 219 1L74 423 03 192 23 $.68 03 247 18 e o%w 2% mn .54 on 19 290 14
=002 =004 =00% =005 =028 =301 2006 =047 =100 =174 =002 =036 =062 =)66 =003 =0T =016 =0X 2003 =20) =10} =0

KIDNEY 4.14 357 o8 253 2.3 26 434 24t 73 3 3 185 168 2% [/ B ) ) (K [B )] 150 187 [ B ]
=0.65 =068 =180 =009 =123 =199 =03} =033 =019 =05 =0J2 =016 =02 =QN$ 0 =I5 =0W =077 =S =017 =040 =01

GUT 640 840 9.13 492 5.84 104 13.16 584 862 174 214 ) 1w 2% 260 902 1295 1w M8 e 24 30
=27 *032 =026 =033 =086 =74 =624 =058 =102 =030 =359 =067 =138 =204} =1} =100 =145 =0#) =AM 07 =5 =12

GONADS 0.15 [A1 ] 0.18 0.12 009 00 o0 013 o 0.4 0% 0.0 009 0.1S oMy ¢i0 010 0% o Q13 ol 0ia
=003 %012 =006 =002 00/ =007 :x002 =005 +0002 =0.0? =007 =002 =008 =002 =00) =001 =0M =00 =00 =000 =00} =002

LUNGS 498 28 217 4 80 158 05T 2023 o9 106 16M4 s 0% LW o a&t &N
=03} =037 =012 +0.19 =436 =060 *=0.19 =206 =GJ =010 =419 =010 =211 =308 =018 =014 =16

PANCREAS 0.45 0.49 04! 038 03 048 04?7 036 033 024 045 on 04 044 L 0 oM
=00} *009 =03 *007 =024 x0)) +020 =001 =0.02 =00} =008 =007 =02 =008 =0 =008 =004

BLOOD. * 12.80 961 287 1052 831 9.30 554 590 44 210 412 448 29% 4 43 A 258 A4S W 1w W
=120 =057 =065 =050 =167 =650 =015 =072 =052 =085 =052 =016 =0.2 =08 =022 =035 =016 =04 =00 =015 =04 =008

(* % dose/y)



TABLE II DISTRIBUTION OF 121 INDOCYANINE GREEN IN DOGS. (% dose/ g)

Time of
Dog # sacrifice Liver Spleen Kidney Pancreas Lung Gonads Thyroid Bile Urine

one
1 hour 0.043 0038 0003 0.002 0007 0.002 0.017 0.005 0.001

2 3 hrs. 0.017 013 0003 0.002 0.003 0002 005 0.077 0.008
3 20 hrs. 0006 0003 0003 0001 0.003 0003 246 0040 0.4
4 20 hrs. 0.23 0.33 0.08 0.05 0.056 0.057 1.80 0093 1.1

* *h

( * ) Dog with common bile duct obstruction.

(**) Bile collected from common bile duct.



