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Abstract 

The effect of concomitant intravenous administration of acetazolamide on cyclosporin's pharmacokinetic parame- 
ters has been studied in rabbits. The study design was parallel: the control group of six rabbits received cyclosporin 
alone, while cyclosporin and acetazolamide were co-administered to six rabbits in the second group. Serial blood 
samples were collected for 24 h following administration of drugs. Cyclosporin concentrations were determined using 
a specific monoclonal radioimmunoassay. Pharmacokinetic parameters of cyclosporin were derived using compart- 
mental and non-compartmental techniques. Concomitant administration of acetazolamide with cyclosporin resulted 
in a significant increase in the terminal elimination half-life of cyclosporin, a significant decrease in cyclosporin total 
body clearance, and a significant increase in the steady-state volume of distribution relative to the control group. 
The mean residence time of cyclosporin in the peripheral tissue was dramatically increased with the administration 
of acetazolamide. The results of this investigation demonstrate a possible interaction between acetazolamide and 
cyclosporin. The most plausible explanation for this is an alteration in the disposition kinetics of cyclosporin. 
Adjusting the dose of cyclosporin may be required in patients with uveitis receiving both cyclosporin and 
acetazolamide. 
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1. Introduct ion 

Cyclosporin,  a neutral  lipophilic cyclic 
polypeptide with unique immunosuppressive 
properties, has been extensively used in trans- 
plant recipients (Freeman, 1991; Faulds et al., 
1993). More recently, cyclosporin has been evalu- 
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ated for use in a variety of other immune-media- 
ted disorders (Moolman et al., 1991; Chavis et al., 
1992; Christophers et al., 1992; Schrezenmeier et 
al., 1992; Sherman and Pinto, 1992). Following 
intravenous administration, cyclosporin is rapidly 
(within about 10 min) distributed between blood 
ceils (60-70%) and plasma. Most of the cy- 
closporin in blood cells is taken up by erythro- 
cytes (41-58%), whereas most of the drug in 
plasma is bound to lipoproteins (34%) (Kahan, 
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1989; Gupta and Benet, 1990). Subsequently, the 
majority of the cyclosporin dose is distributed 
outside the blood with a large apparent volume of 
distribution (Fahr, 1993). Cyclosporin is exten- 
sively (99%) metabolized in the liver, exhibits 
linear elimination kinetics and is considered a 
drug of low-to-intermediate clearance (Fahr, 
1993). 

Acetazolamide, a heterocyclic sulfonamide, 
acts as a noncompetitive inhibitor of the enzyme 
carbonic anhydrase. Its action on the renal tubule 
results in a bicarbonate diuresis and a mild self- 
limiting metabolic acidosis (Gilman et al., 1985). 
The presence of carbonic anhydrase in a number 
of intraocular structures, including the ciliary 
processes, and the high concentrations of bicar- 
bonate in the aqueous humor were the factors 
that called attention to the role that the enzyme 
and its inhibitor might play in the production of 
aqueous humor. Acetazolamide reduces the rate 
of aqueous humor formation, leading to a de- 
crease in intraocular pressure in patients with 
glaucoma (Gilman et al., 1985). 

Acetazolamide is 70-90% protein bound and 
is widely distributed throughout body tissues, es- 
pecially those with high carbonic anhydrase con- 
centrations (renal cortex and red blood cells) 
(Bennett et al., 1987). The drug is not metabo- 
lized in the body and mainly eliminated un- 
changed in urine (Bennett et al., 1987). 

When administered in conjunction with cy- 
closporin, acetazolamide has been shown to cause 
a 5-fold increase in cyclosporin trough serum 
levels as well as pronounced nephrotoxicity and 
neurotoxicity (Keogh et al., 1988). 

Cyclosporin has been used widely in the treat- 
ment of many forms of uveitis. Since intraocular 
pressure can increase in patients with uveitis and 
cause secondary glaucoma, it is sometimes neces- 
sary to use cyclosporin concomitantly with aceta- 
zolamide to control the glaucoma. One of the 
authors of the present study noted an increase in 
the serum level of cyclosporin following the co- 
administration of acetazolamide in a patient with 
uveitis. We therefore decided to study the effect 
of concomitant intravenous administration of ac- 
etazolamide and cyclosporin on cyclosporin's 
pharmacokinetic parameters in rabbits. 

2. Materials and methods 

2.1. Chemicals 

Cyclosporin (Sandimmun ®, 250 mg/5 ml) was 
obtained from Sandoz Ltd (Basel, Switzerland). 
Acetazolamide in vials (Diamox ®, 500 mg/10 ml) 
was obtained from Lederle Laboratories 
(American Cyanamid Co., NY, USA). 

2.2. Drug administration and sampling 

New Zealand white male rabbits, weighing 
from 3.0 to 4.3 kg, were used. The animals were 
fasted for 12 h before the experiment began as 
well as during the experiment, although water 
was allowed ad libitum. The animals were immo- 
bilized in a restraining box when drugs were 
administered and when blood samples were taken. 

The study design was parallel; the acetazo- 
lamide-treated group and the control group each 
comprised six rabbits. The dose of cyclosporin (15 
mg/kg) was mixed with normal saline (0.9%) and 
administered as an i.v. bolus over a period of 3-4 
min in the marginal ear vein. Immediately follow- 
ing cyclosporin administration, six rabbits re- 
ceived an intravenous dose (10 mg/kg) of aceta- 
zolamide in the marginal vein of the opposite ear. 
The marginal vein of one ear was cannulated with 
a polyethylene tube (Terumo 22 G) for blood 
sampling. Multiple blood samples (1.5 ml) were 
collected in evacuated glass tubes containing 
EDTA anticoagulant at 0, 0.5, 1.0, 1.5, 2.0, 3.0, 
4.0, 6.0, 8.0, 10.0, 12.0 and 24.0 h following ad- 
ministration of the drugs. All samples were then 
refrigerated (4 ° C) until analysis, which was per- 
formed within 1 week. 

2.3. Analysis of cyclosporin 

Whole blood cyclosporin was measured by a 
specific and selective monoclonal antibody-based 
radioimmunoassay (RIA) (Sandimmun-kit ®, San- 
doz Ltd, Basel, Switzerland) which has been 
shown to be specific for cyclosporin with negligi- 
ble metabolite cross-reactivity (Ball et al., 1988; 
Holt et al., 1988). The maximum interassay coef- 
ficient of variation was 11.4%. 
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2.4. Pharmacokinetic analysis 

A non-linear regression program known as PC- 
NONLIN (Version 4.2; Statistical Consultants, 
Inc., Lexington, KY, USA) was used to fit indi- 
vidual blood cyclosporin concentrations to a 
first-order, two-compartment open model. Selec- 
tion of the most appropriate model was based 
upon the application of Akaike's criterion 
(Akaike, 1976). Initial estimates of coefficients 
and exponentials required by PCNONLIN were 
obtained from exponential curves by the use of 
the stripping technique (Gibaldi and Perrier, 
1982). Other  pharmacokinetic parameters were 
calculated from the fitted parameters, including 
the terminal elimination rate constant (/3), termi- 
nal elimination h a l f - l i f e  (tl/213) , and area under 
the blood concentration-time curve (AUC). 

Model- independent  parameters  were also 
computed. These include the total body clearance 
of cyclosporin (CI), steady-state volume of distri- 
bution (Vdss) (Benet and Galeazzi, 1979), area 
under the first moment curve (AUMC), mean 
residence time of the drug in the body (MRTB) 
(Yamaoka et al., 1978), mean residence time of 
the drug in the general circulation (MRTC), mean 
residence time of the drug in the peripheral tis- 
sues (MRTP) and intrinsic mean residence time 
in peripheral tissue (IMRTP) (Veng-Pedersen, 
1989a,b), using the following equations: 

CI = d o s e / A U C  

Vdss = d o s e - A U M C / ( A U C )  2 

MRTB = A U M C / A U C  

MRTC = A U C / C ( 0 )  

MRTP = MRTB - MRTC 

MRTP 
IMRTP = 

1 - I -[C(O)2/CI(O).AUC] 

where 

AUMC = fo~tC ( t ) d t 

AUC = fo~C(t)dt 
C(O) = A  + B  

and, as defined by Veng-Pedersen (1989a,b), 

Cl(O) = - (  A a  + B/3) 

where A, a, B and 13 are hybrid constants of the 
two-compartment model. 

2.5. Statistical analysis 

The data are presented as mean +_ SD. Evalua- 
tion was performed in a statistics program (SAS, 
Statistical Analysis System) using analysis of vari- 
ance and Student's t-test for unpaired data. Dif- 
ferences between two related pharmacokinetic 
parameters were considered significant for p val- 
ues less than or equal to 0.05. 

3. Results 

The administration of cyclosporin (15 mg/kg)  
to the rabbits in the control group and those in 
the acetazolamide-treated group produced blood 
concentration-time profiles that were adequately 
described by the two-compartment model with 
linear pharmacokinetics. Fig. 1 depicts the time 
course of the blood cyclosporin level with and 
without acetazolamide. The calculated compart- 
mental and non-compartmental pharmacokinetic 
parameters are shown in Table 1. There was no 
significant difference in the weights of the rabbits 
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Fig. 1. Mean (_+ SD) blood concentration of cyclosporin with 
( o )  and without (o) acetazolamide co-administration. 
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Table 1 
Pharmacokinetic parameters  of cyclosporin after administration of a single i.v. bolus dose of 15 m g / k g  of cyclosporin with and 
without acetazolamide (i.v., 10 m g / k g )  co-administration to rabbits 

Parameter  Cyclosporin Cyclosporin with P value b 
alone a acetazolamide a 

A U C  (/zg min ml -1 )  970.0 _+ 108.2 1441.3 + 320.2 0.007 
C1 (ml min i kg 1) 15.62 _+ 3.78 11.0 + 43.44 0.016 
Vdss (1 kg-1)  4.69 + 0.95 7.57 + 2.38 0.021 
M R T B  (h) 5.2 _+ 1.4 11.7 + 2.9 0.001 
M R T C  (h) 1.40 _+ 0.2 3.6 + 1.9 0.019 
MRTP (h) 3.8 _+ 1.3 8.1 _+ 2.6 0.004 
IMRTP (h) 7.4 + 1.3 12.6 + 3.2 0.004 
/3 (h 1) 0.125 + 0.02 0.069 + 0.02 0.001 
tl/2~ (h) 5.7 _+ 0.9 10.5 +_ 2.2 0.001 

a Each value represents  mean  + SD of six rabbits. 
b p value of the analysis of  variance. 

used in the control group (3.82 +_ 0.49 kg) and the 
acetazolamide-treated group (4.07 _+ 0.22 kg). The 
terminal elimination half-life (tl/zt 3) of cy- 
closporin in the acetazolamide-treated group was 
significantly longer than that in the control group. 
Compared with the control group, the total body 
clearance (CI) of cyclosporin was significantly 
lower in the acetazolamide-treated rabbits result- 
ing in higher plasma concentrations and a larger 
area under the blood concentration vs time curve 
(AUC) in this group. The steady-state volume of 
distribution of cyclosporin was significantly higher 
in the acetazolamide-treated rabbits than in the 
control group. Cyclosporin's mean residence time 
in the general circulation (MRTC), mean resi- 
dence time in the body (MRTB), mean residence 
time in the peripheral tissue (MRTP) and its 
intrinsic mean residence time in the peripheral 
tissue (IMRTP) all dramatically increased when 
administered in conjunction with acetazolamide 
(Table 1). 

4. Discussion 

Concomitant administration of cyclosporin and 
acetazolamide was reported to result in increased 
cyclosporin levels and toxicity (renal impairment 
and neurotoxicity) in a 50-year-old cardiac trans- 
plant patient (Keogh et al., 1988). Symptoms of 
toxicity subsided following withdrawal of acetazo- 
lamide and reduction of the cyclosporin dose. 

The results of our investigation demonstrate 
that co-administration of acetazolamide affected 
the disposition kinetics of cyclosporin signifi- 
cantly. Acetazolamide administration resulted in 
a significant decrease in the elimination rate con- 
stant (55%), and the total body clearance (29.3%), 
and a significant increase in the steady-state vol- 
ume of distribution (61.4%). The reduction in the 
clearance is confirmed by the significant increase 
both in the area under the blood concentration- 
time curve (48.6%), and in the terminal elimina- 
tion half-life (84%). 

Cyclosporin and acetazolamide are known to 
bind avidly to erythrocyte (Wallace and Riegel- 
man, 1977; Gupta and Benet, 1990; Fahr, 1993). 
The increase in the steady-state volume of distri- 
bution of cyclosporin can be explained, at least in 
part, by acetazolamide's inhibition of carbonic 
anhydrase in the red blood cells which may change 
the way cyclosporin is incorporated into the red 
blood cells. Another possibility is that acetazo- 
lamide displaces cyclosporin from its binding sites. 
According to Gibaldi and McNamara (1978), the 
apparent volume of distribution (Vdss) can be 
related to the free fraction of a drug in blood as 
follows: 

Vdss = 17 B + V . r f B / f , r  

where V B is the blood volume, V- r denotes the 
volume of tissue, fB is the free fraction in blood, 
and fT represents the free fraction in tissue. 
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The above equation indicates that the appar- 
ent volume of distribution at steady state in- 
creases when tissue binding increases and blood 
binding decreases. Perturbation in fB a n d / o r  f T  
would therefore alter Vd~ S. 

The decrease in the total body clearance of 
cyclosporin is difficult to explain. Cyclosporin is 
mainly eliminated by metabolism (Fahr, 1993), 
whereas acetazolamide is mainly eliminated un- 
changed in urine (Bennett  et al., 1987). Further- 
more, cyctosporin is a low-to-intermediate extrac- 
tion-ratio drug (Fahr, 1993), and therefore, its 
total body clearance will depend on the free 
fraction in blood as well as on its free intrinsic 
blood clearance according to following equation: 

CI = f B '  C1 int(blood) 

where Clint(blood) is the intrinsic clearance of un- 
bound drug. 

An increase in total body clearance is expected 
if the free fraction of cyclosporin in blood is 
increased as a result of altered binding. In con- 
trast, the total body clearance of cyclosporin de- 
creases following acetazolamide administration, 
suggesting that metabolism inhibition may be re- 
sponsible. It is possible that acetazolamide co-ad- 
ministration induces metabolic acidosis which re- 
suits in the reduced hepatic metabolism of cy- 
closporin, although this warrants further investi- 
gation. 

The increase in the terminal elimination half- 
life (tl/2t 3) and mean residence time in the body 
(MRTB) can be explained as follows: 

t ~/2~ = 0.693Vd sJC1 

MRTB = Vd~JCI  

An increase in Vdss and a decrease in C1 will 
result in a significant increase in the t i /2 t  3 and 
MRTB. 

The calculated mean time parameters which 
reflect the tissue distribution of cyclosporin are of 
considerable importance from the toxicokinetic 
point of view. The mean residence time in the 
peripheral tissue (MRTP) and the intrinsic mean 
residence time in the peripheral tissue (IMRTP) 
both increased dramatically (213 and 70% for 
MRTP and IMRTP, respectively) with co-admin- 
istration of acetazolamide. The MRTP is the 

mean total time the drug molecules spend in the 
peripheral tissue, while the IMRTP is the average 
total time which drug molecules spend in the 
peripheral tissue before being eliminated (centr- 
ally or peripherally) from the body (Veng-Peder- 
sen, 1989a,b). It is possible, therefore, to explain 
the observed toxicity (nephrotoxicity and neuro- 
toxicity) of cyclosporin following acetazolamide 
administration (Keogh et al., 1988) as being the 
result of increased distribution into, as well as 
prolongation of the transit time, in the target 
organs. 

In conclusion, this study demonstrates a possi- 
ble interaction between acetazolamide and cy- 
closporin. The most plausible explanation for this 
is an alteration in disposition kinetics (distribu- 
tion and elimination) of cyclosporin. Further in- 
vestigations are needed, however, to identify the 
exact mechanism of such an interaction. 

Cyclosporin and acetazolamide are often given 
concomitantly in patients with uveitis and sec- 
ondary glaucoma. This study has shown that the 
toxicity of cyclosporin may be enhanced by the 
co-administrat ion of acetazolamide.  Conse- 
quently, when concomitant use of these drugs is 
indicated for the treatment of patients with 
uveitis, a reduction in the dose of cyclosporin 
a n d / o r  acetazolamide may be required to pre- 
vent blood cyclosporin levels rising to unaccept- 
able levels. 
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