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Abstract-The pharmacokinetics of various doses (l-7.5 m&g i.v.) of indocyanine green (1CG)P have 
been studied in control rats and rats with glycerol-induced acute renal failure (ARF). The pharmaco- 
kinetic changes seen at a dose of 1 mg/kg, after jugular vein administration, were significant decreases 
in uraemic rats in the rate of entry of ICG into the liver (k12) and in the rate of movement of dye from 
liver to plasma (k21). Greater and more numerous changes in pharmacokinetic parameters were recorded 
in experiments conducted using 4.0 and 7.5 mg/kg ICG. The results from these experiments showed 
that in addition to significant decreases in /cl2 and kll there was a significant reduction in the rate constant 
for transfer of dye from liver to bile (k,). These changes were accompanied by a significant decrease 
in plasma clearance. 

In a separate series of experiments steps were taken to reduce the degree of uraemia produced by 
glycerol injection. The findings from these experiments showed no significant pharmacokinetic differ- 
ences between control and mildly uraemic animals after administration of a dose of 7.5 m&g ICG. 
This suggests that the kinetic changes described above were a consequence of renal failure and not a 
direct hepato-toxic effect of glycerol. 

In earlier work we reported that the hepatic uptake 
and plasma clearance of indocyanine green (ICG) 
were decreased in rats with glycerol-induced acute 
renal failure (ARF) [l, 21. These studies were done 
at a single dose (7.5 mg/kg) of dye injected via the 
jugular vein. In the present study we have extended 
our investigation of the pharmacokinetics of ICG in 
ARF to include various doses of dye (l-30 mg/‘kg) 
and intra-portal administration. These experiments 
should allow us firstly, to determine whether the 
effects seen previously were dependent on the dose 
used and secondly, to calculate the hepatic extraction 
ratio for ICG in both control and uraemic rats [3]. 

One disadvantage of using glycerol-induced ARF 
to study hepatic function in uraemia is that glycerol 
itself could have a toxic effect on the liver [l]. In 
order to investigate this possibility we have examined 
the pharmacokinetics of ICG in rats in which an 
attempt was made to ameliorate the degree of ARF 
produced by injection of glycerol. These experiments 
were performed in rats which received saline as 
drinking fluid and had not undergone dehydration 
prior to the injection of glycerol. Both these pro- 
cedures have been reported to either prevent or 
reduce the degree of ARF produced by glycerol 
[4,51. 

MATERIALS AND METHODS 

Materials. ICG was purchased from Hynson, Wes- 
cott and Dunning Ltd., Baltimore. Reagents for the 
determination of urea were obtained from Sigma 
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acute renal failure. 

Chemical Co. All other reagents were available com- 
mercially and of analytical grade. 

Induction of ARF. Methods for the production of 
ARF have been described in detail [l]. Groups of 
male Wistar albino rats were used and ARF was 
induced, after dehydration for 24 hr, by i.m. injec- 
tion of glycerol. Uraemic and control rats (injected 
with saline) were studied 48 hr after the i.m. injection 
of glycerol or saline. 

Prevention of ARF. Male Wistar albino rats were 
housed in groups of four and given saline (1.0% 
w/v NaCl) as drinking fluid for 14 days prior to i.m. 
injection of either glycerol or saline. In contrast to 
the induction of ARF, rats were not dehydrated for 
24 hr before i.m. injection and they were maintained 
on saline as drinking fluid until ready for study 48 hr 
later. 

Experimental protocol. Rats were anaesthetized 
with pentobarbitone (60 mgl’kg, body wt., i.p.) and 
cannulae placed in the trachea, jugular vein and 
carotid artery. ICG was injected i.v. over 15-20 set 
at five different doses, 1, 4, 7.5, 15 and 30mg/kg. 
Heparinized arterial blood samples (0.1 ml) were 
taken at suitable times for 1 hr after injection of dye. 
In some experiments ICG (7.5 m&g) was admin- 
istered over 15-20sec via the hepatic portal vein. 
The shaft of a 23 gauge needle was attached to a 
cannula and the needle inserted into the portal vein 
for the duration of the experiment. Hepatic portal 
vein catheterization in this manner during pento- 
barbitone anaesthesia has been shown to have no 
effect on liver blood flow [6]. 

Methods for the assay of ICG have been described 
in detail [l]. The plasma concentration of ICG was 
determined by measuring its absorption at 800 nm. 
Urea was measured by reaction with diacetyl 
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monoxime using the procedure contained in Sigma 
Technical Bulletin No. 535 (Sigma Chemical Co.). 

Pharmacokinetic analysis. The disposition and 
elimination of ICG in the rat can be described by 
a two-compartment model with elimination from the 
peripheral compartment [l]. Rate constants for the 
uptake of ICG from plasma into the liver, k12, for 
efflux from liver to plasma, k21, and for transport 
from liver to bile, k23, were calculated using the 
equations given by Gibaldi and Perrier [7]. Methods 
for calculation of the apparent volumes of the central 
and peripheral compartments (Vc and Vp respec- 
tively); the apparent volume of distribution at 
steady-state (Vdss) and the plasma clearance of ICG 
(Cl,) have been described previously [I]. 

The apparent systemic availability (f) and the 
apparent hepatic extraction ratio (E,,) are given by 

f= 
AUC portal 

AUC jugular 

E 
h 

= I _ AUCportal 

AUC jugular 

where AUC portal and AUC jugular are the mean 
areas under the plasma concentration-time curves 
after hepatic portal and jugular vein administration 
of ICG (7.5 mg/kg). 

Results are expressed as mean ? S.D. and 
statistical analysis was performed using the non- 
paired Student’s t-test. 

RESULTS 

In all the glycerol injected rats there was a sig- 
nificant increase in plasma urea concentration when 
compared to the corresponding controls (Table 1). 
In the rats which did not undergo dehydration prior 

to glycerol injection and which received saline as 
drinking fluid there was a significantly lower plasma 
urea concentration when compared to other uraemic 
groups. There was no significant difference in wet 
liver weight between control and uraemic animals 
in each group (Table 1). 

In control rats k12, kZ1 and k23 all decreased as the 
dose of indocyanine green increased and these 
changes were accompanied by a progressive decrease 
in plasma clearance (Table 2). The decreases in rate 
constants and clearance were most apparent when 
the dose was increased from 1 to 4 mg/kg. A com- 
parison of pharmacokinetic parameters obtained 
from uraemic rats and their control counterparts are 
detailed below. 

1 mglkg ICG experiments 

The plasma concentration-time data that were 
observed following the administration of ICG 
(1 mg/kg) to eight control rats and nine with 
glycerol-induced ARF are shown in Fig. 1. Mean 
plasma concentrations of ICG in uraemic rats were 
significantly higher between 1 and 5 min than in 
controls. As a result in uraemic animals the half-life 
of the m-phase was significantly increased (46%) and 
there were significant decreases in both k12 (31%) 
and kzl (29%) (Table 2); but there were no significant 
changes in any of the other pharmacokinetic para- 
meters (Table 2). 

4 mglkg ICG experiments 

Mean plasma concentrations of ICG in uraemic 
animals when compared to controls were, with 
exception of the 1 min sample, significantly higher 
at all sampling times (Fig. 2). In contrast to the 
experiments at 1 mg/kg there were numerous 
changes in the pharmacokinetic parameters (Table 

Table 1. Body weight, liver weight and plasma urea concentration in rats with acute renal 
failure* 

Group and dose 
of ICG 

Body weight 

(g) 

Liver weight 
(g/100 g body wt) 

Plasma urea 
(mg/lOO ml) 

Control 320 5 58(8) 3.8 ” 0.4(8) 21 2 5(8) 
Uraemic 286 ? 29(9) 3.7 2 0.2(9) 189 ?z 93(9)$ 

4 mg/kg 
Control 319 + 63(9) 3.7 ” 0.3(9) 46 ? 6(9) 
Uraemic 304 2 39(8) 3.6 ? 0.2(8) 337 ? 165(8)$ 

7.5 mg/kgt 
Control 
Uraemic 

7.5 mg/kg portal vein 
injection 

Control 
Uraemic 

321 * 31(12) 3.8 f 0.3(12) 31 2 13(12) 
338 + 28(17) 3.6 ‘- 0.3(17) 218 rt 167(17)$ 

316 * 56(6) 3.6 ‘- 0.4(6) 51 t 13(6) 
340 4 75(6) 3.5 ? 0.5(6) 194 t 121(6)9 

7.5 mg/kg in saline 
drinking rats 

Control 393 ‘- 39(6) 3.5 -c 0.2(6) 56 t 4(6) 

Uraemic 388 r 31(6) 3.4 + 0.2(6) 82 * 4(6)$/l 

* Results are given as mean t- S.D. and number of rats in parentheses. 
t Mean of combined results from two previous publications [l, 21. 
$ P < 0.001; 5 P < 0.05 relative to respective control group. 
(( P < 0.05 relative to other uraemic groups. 
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Fig. 1. Pfasma concentrations of ICG (1.0 mg/kg) in control 
(saline injected) rats (0) and rats with glycerol-induced 
ARF (0). Each point is the mean 2 S.D. of eight control 
rats and nine rats with glycerol-induced ARF. * P < 0.05, 
** P < 0.01, *** P < 0.001 relative to respective control 

value. 

* 5 

Fig. 2. Plasma concentrations of ICG (4.0 m&g) in control 
(saline injected) rats (0) and rats with glyceroi-induced 
ARF (0). Each point is the mean 2 SD. of nine control 
rats and eight rats with glycerol-induced ARF. With the 
exception of the 1 min sample all concentrations in plasma 
from rats with ARFwere significantIy different fromcontrol 

values (P < 0.05). 
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Fig. 3. Plasma concentrations of ICG (7.5 mg/kg) in control 
(saline injected) rats (0) and rats with glycerol-induced 
ARF (0). Each point is the mean k S.D. of twelve control 
rats and seventeen rats with glycerol-induced ARF from 
the combined data from two previous publications [l, 21. 
With the exception of the 1 min sample all concentrations 
in plasma from rats with ARF are significantly different 

from control values (P < 0.01). 

2). There were significant increases in the half-lives 
of the (Y- and Pphases in uraemic rats (47% and 
36% respectively) with significant decreases in kl2 
(32%), kzI (36%), k23 (31%) and plasma clearance 
(33%). 

7.5 mg/kg ICG experiments 

The results shown in Fig. 3 and Table 2 are the 
mean of combined results from two previous studies 
[l, 21. Experiments performed at this dose level 
showed similar changes in mean plasma concentra- 
tions of ICG between uraemic and control rats to 
those observed in experiments at 4 m&g in that the 
concentrations in uraemic rats were significantly 
higher at all sampling times with the exception of 
the 1 min sample (Fig. 3). There were also similar 
changes in pharmacokinetic parameters such that the 
uraemic animals showed significant increase in the 
half-lives of both (Y- and Pphases (81% and 27% 
respectively) and significant decreases in k12 (44%), 

kzl (35%), k23 (22%) and plasma clearance (30%) 
(Table 2). In contrast to the results of experiments 
at 1 and 4 mg/kg ICG at a dose of 7.5 mg/kg uraemic 
animals showed a significant increase in the volume 
of the central compartment (31%). 

7.5 mglkg ICG experiments, portal vein 
administration 

There was no significant difference in AUC 
between jugular and portal administration for either 
control or uraemic groups (Table 3). As a conse- 
quence, apparent systemic availability of ICG in 
both control and uraemic rats was slightly greater 
than unity which prevented the calculation of an 
apparent extraction ratio (Table 3). However, the 
AUC after portal vein administration was signifi- 
cantly greater in uraemic rats (Table 3) such that 
plasma clearance of ICG in uraemic animals 
(0.51 ? 0.16, N = 6) was 31% lower than in controls 
(0.74 ? 0.13, N = 6). This percentage reduction in 
clearance is very similar to that noted after jugular 
administration (Table 2). 

7.5 mg/kg ICG experiments in saline-drinking non- 
dehydrated rats 

The uraemic saline-drinking rats were found to 
have plasma concentrations of ICG which were not 
significantly different from controls. Furthermore 
the pharmacokinetic parameters showed no sig- 
nificant difference between control and uraemic rats 
(Table 4). The control pharmacokinetic parameters 
of the saline-drinking rats did show some differences 
from those obtained in water-drinking rats which 
received the same dose of ICG (Table 2). The 
saline-drinking rats showed significant increases in 
the half-life of the m-phase and volume of the central 
compartment and significant decreases in kl2 and 
plasma clearance (Table 4). 

These findings indicate that although saline-drink- 
ing and omission of the dehydration prior to glycerol 
injection can significantly reduce the degree of urae- 
mia (Table 1) these protective measures themselves 
can perturb the pharmacokinetics of ICG. 

15 and 30 mg/kg ICG experiments 

A semilogarithmic plot of the decline of plasma 
ICG concentrations obtained from saline and 

Table 3. Effect of glycerol-induced acute renal failure on the systemic avail- 
ability and hepatic extraction ratio of ICG (7.5 mg/kg, i.v.) in male rats* 

Control rats Uraemic rats 

AUC (pg/ml.min) 
Jugular vein 
Portal vein 

Apparent systemic 
availability (f) 
Apparent 
extraction ratio (Eh) 

936 +- 154(12) 1351 * 253(17)1 
1038 ? 230(6) 1610 t 491(6)$ 

1.1 1.2 

8 0 

* Results are given as mean 2 S.D. and number of rats in parentheses. 
t P < 0.001; t; P < 0.05 relative to respective control group. 
5 Eh could not be calculated. 
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Table 4. Effect of glycerol-induced acute renal failure on 
the pharmacokinetics of KG (7.5 mg/kg, i.v.) in saline- 

drinking, non-dehydrated male rats* 

Pharmacokinetic Control rats Uraemic rats 
parameters (N = 6) (N = 6) 

to.5 (Y (min) 2.0 * 0.4t 2.5 + 0.5 
to.5 /3 (min) 40 2 8 48 f 13 
klz (min-‘) 0.35 * 0.09t 0.28 f 0.06 
k2, (min-‘) 0.0081 -r- 0.0018 0.0068 ” 0.0013 
ka (min-‘) 0.018 ? 0.003 0.016 1 0.004 
Vc (ml) 9.9 ‘- 1.3t 10 f 1 

VP (ml) 132 t 3.5 135 2 26 
Vdss (ml) 142 ” 35 146 2 26 
Clp (ml/min per 
100 g body wt) 0.62 2 0.127 0.52 + 0.05 

* Results are given as mean C S.D. There was no sig- 
nificant difference between control and uraemic rats. 

t P < 0.05 relative to water-drinking, dehydrated rats 
given 7.5 mg/kg ICG (Table 2). 

glycerol-injected rats which received either 15 or 
30 mg/kg ICG had an initial convex shape indicative 
of zero order kinetics [8]. As a result of this com- 
plication experiments at these dose levels were 
discontinued. 

DISCUSSION 

The pharmacokinetic behaviourpf ICG at all dose 
levels which were fully investigated was modified in 
rats with severe uraemia. The kinetic changes 
common to these experiments were significant 
decreases in k12 and kzl. These findings suggest an 
impaired movement of dye across the hepatocyte as 
previously discussed [l]. Although there was a 
reduction in the hepatic uptake of ICG at 1 mg/kg, 
there was no significant change in either kzj or plasma 
clearance in uraemic rats. By contrast, uraemic rats 
which received 4 and 7.5 m&g of ICG showed sig- 
nificant decreases in both plasma clearance and k23. 
It might be anticipated that with a decrease in clear- 
ance and k23, the biliary excretion of ICG at these 
higher doses would be impaired in uraemia. How- 
ever, we have previously shown that in uraemic rats 
only the initial biliary excretion of ICG (7.5 mg/kg) 
is slowed [9]. 

The percentage decrease in plasma clearance in 
uraemic rats after hepatic portal administration of 
7.5 mg/kg ICG was very similar to that noted after 
jugular injection of the same dose. A comparison 
of the data obtained from these two routes of 
administration gave an estimate of apparent systemic 
availability slightly greater than unity (Table 3) which 
indicates a negligible dependence of clearance on 
hepatic blood flow at this dose [3]. Similar estimates 
of apparent systemic availability for ICG in the rat 
have been noted by Iga and Klaassen [3] at doses 
of 1,5 and 10 mg/kg. Iga and Klaassen [3] found that 
the plasma clearance of ICG was comparable at all 
doses (about 0.7ml/min per 1OOg) whereas in the 
present study plasma clearance of ICG was dose 
dependent ranging from 1.8 to 0.8 ml/min per 100 g 
in controls and from 1.5 to 0.6 ml/min per 100 g in 

uraemic rats over the dose range l-7.5 mg/kg. These 
changes in clearance are probably related to the 
progressive decrease in the intercompartmental rate 
constants when the dose of ICG was increased, an 
observation previously noted by other workers [lo]. 
The higher plasma clearance values for ICG at 
1 mg/kg begin to approach the value for hepatic 
plasma flow (3.0 ml/min per 100 g) [3] which suggests 
that plasma clearance is more dependent on hepatic 
blood flow at 1 mg/kg than at 7.5 mg/kg. 

This suggestion supports the finding of McDevitt 
et al. [ll] who reported that liver blood flow is a 
more important determinant of the plasma clearance 
of ICG when administered at a dose of 1 m&g than 
at lOmg/kg. Since liver blood flow is increased in 
rats 48 hr after glycerol injection [12] it is possible 
that at the low dose of 1 m&g the increased delivery 
of dye to the liver offsets the decrease in hepatic 
uptake (k12) resulting in no significant decrease in 
clearance. Unfortunately an attempt to further 
investigation the effect of dose on the kinetics of 
ICG in ARF by increasing the dose to 15 and 
30mg/kg resulted in the appearance of zero order 
kinetics which renders pharmacokinetic analysis very 
difficult [8]. The occurrence of zero order kinetics 
with ICG has been noted in rats by other workers 
using a dose of 25 mg/kg [8] whereas no such obser- 
vation was made by another group of investigators 
after administration of a dose of 50 mg/kg to rats 
1111. 

The administration of saline as drinking fluid and 
the omission of dehydration prior to glycerol injec- 
tion resulted in animals with plasma urea levels 
significantly lower than water-drinking rats which 
were dehydrated for 24 hr before injection (Table 
1). This effect has been noted previously by other 
+vorkers [4,5]. Although these two manoeuvres by 
themselves produced some kinetic changes, the 
reduction in the degree of uraemia resulted in an 
absence of significant kinetic changes between con- 
trol and mildly uraemic rats (Table 4). These findings 
provide evidence that the alteration of ICG phar- 
macokinetics in glycerol-induced ARF is a result of 
renal failure and not due to a direct hepato-toxic 
effect of glycerol. This is supported by our previous 
observation that a reduction in the hepatic uptake 
of ICG occurs in rats with ARF produced by ureter 
ligation [l] and furthermore, in a recent study we 
have noted a decrease in the hepatic uptake and 
plasma clearance of ICG in rats with chronic renal 
failure produced by partial nephrectomy [13]. 

In conclusion, the changes in the pharmacokinetics 
of ICG in glycerol-induced ARF appear to be dose 
dependent with greater changes occurring at the 
higher doses of 4.0 and 7.5 mg/kg than at 1.0 mg/ 
kg. These kinetic changes appear to be a conse- 
quence of renal failure and not a direct hepato-toxic 
effect of glycerol. 
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