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Purpose. This study was conducted to assess the pharmacokinetics
and pharmacodynamics of 7-nitroindazole (7-NI), a selective inhibi-
tor of neuronal nitric oxide synthase (NOS).
Methods. Male Sprague-Dawley rats were equipped with peritoneal/
venous cannulae and a microdialysis probe in the hippocampal cor-
tex. Rats received 7-NI in peanut oil (25 mg/kg) ip every 2 h for 14 h
or peanut oil alone. Blood samples were obtained at timed intervals
for serum 7-NI; brain tissue microdialysate for determination of ex-
tracellular 7-NI and NO was obtained every 20 min. A pharmacoki-
netic-pharmacodynamic model was constructed to evaluate the ef-
fects of 7-NI on NOS activity.
Results. Consistent with previous reports, NOS activity in controls
evidenced circadian variation. These cyclic changes in NO production
were incorporated into the model of 7-NI effects on NOS. 7-NI pro-
duced a rapid (within 2 h) decrease in hippocampal NO. Under the
conditions of this experiment, 7-NI produced an ∼50% decrease in
hippocampal NO, which was sustained during 7-NI administration.
The decrease in NOS activity by 7-NI was concentration-dependent
with an apparent IC50 of ∼17 mg/ml.
Conclusions. Multiple ip injections of 7-NI result in a predictable,
sustained decrease in NO production in the hippocampus. The phar-
macokinetic-pharmacodynamic model developed allows design of
dosing regimens that can produce designated changes in brain NO
content, facilitating use of 7-NI to probe the pharmacological impli-
cations of NO in the central nervous system.

KEY WORDS: 7-nitroindazole; nitric oxide synthase; microdialysis;
pharmacodynamics.

INTRODUCTION

Nitric oxide (NO) has been shown to be involved in mul-
tiple processes in the central nervous system such as long-
term potentiation (1), seizure activity (2), memory (3), noci-
ceptive processing (4), and development of tolerance to cen-
trally acting compounds such as opioids (5) and ethanol (6).
An important method for the determination of the roles of
NO in the central nervous system (CNS) is the use of inhibi-
tors of nitric oxide synthase (NOS). Whereas specific inhibi-
tors (i.e., that interact with only a single isoform) of neuronal
NOS (type I) are unavailable, inhibitors that are selective for
type I NOS (i.e., preferentially inhibit type I, but may interact
to a limited extent with other isoforms) have been identified

(7). The heterocyclic compound 7-nitroindazole (7-NI), which
inhibits NOS by competing with both L-arginine and tetrahy-
drobiopterin (8), has been used extensively as a selective in-
hibitor of neuronal NOS (9–11). 7-NI evidences a 10-fold
selectivity for neuronal NOS (8).

Relative selectivity for type I NOS inhibition is advanta-
geous when evaluating the role of NOS in the CNS. Non-
selective inhibitors of NOS (e.g., Nv-nitro-L-arginine) are ca-
pable of significantly reducing endothelial and inducible NOS
activity in addition to inhibition of neuronal NOS. One con-
sequence of such generalized inhibition is an elevation of sys-
temic blood pressure (12) resulting in reduced sensitivity to
nociceptive stimuli (13). As a result, inhibitors of NOS that
produce significant hypertensive responses have limited use
in elucidating the role of NO in nociceptive processing. An
advantage to the use of 7-NI in evaluation of antinociceptive
tolerance is the reported lack of effect of this NOS inhibitor
on systemic blood pressure (14,15).

Research into the roles of NO in biological processes is
still at a relatively early stage. At present, extensive pharma-
cokinetic/pharmacodynamic data are available only for the
non-selective NOS inhibitor Nv-nitro-L-arginine (16–18). As
a consequence, use of NOS inhibitors to probe the physiologi-
cal functions of NO has depended on empirical dosing regi-
mens. Previous studies in this laboratory (19) were performed
to evaluate the systemic pharmacokinetics of 7-NI following a
single intraperitoneal injection. These data allowed the design
of appropriate dosage regimens to maintain selected concen-
trations of 7-NI in serum. However, it also is important to
understand how NOS activity in the CNS correlates with 7-NI
concentrations in serum and brain tissue. Such information is
necessary for the design of 7-NI dosing regimens intended to
maintain a desired degree of NOS inhibition. The present
study was performed to evaluate the relationship between
systemic and hippocampal disposition of 7-NI and to evaluate
the relevant pharmacodynamic parameters for 7-NI-mediated
inhibition of hippocampal NOS through a pharmacokinetic/
pharmacodynamic modeling approach.

MATERIALS AND METHODS

Chemicals

7-NI (Sigma, St. Louis, MO) was formulated as a suspen-
sion in peanut oil (33.3 mg/ml). All other reagents and sol-
vents were obtained from commercial sources and were of the
highest purity available.

Animals

Animal procedures adhered to the Principles of Labora-
tory Animal Care (NIH publication #85–23). Male Sprague-
Dawley rats (Hilltop Laboratory Animals Inc., Scottdale,
PA), weighing 275 to 350 g, were housed $5 days in a tem-
perature-controlled facility (72 ± 2°F, 12-h light/dark cycle).
Access to food (LabDiet, PMI Feeds, St. Louis, MO) and
water was allowed at all times. Rats were anesthetized with
ketamine (50 mg/kg) and xylazine (10 mg/kg) ip and received
a prophylactic dose of penicillin G (50,000 U/kg) by intramus-
cular injection 24 h before the experiment. Surgical sites were
shaved and cleaned with Betadine, and silicone rubber can-
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nulae were implanted in the right jugular and right femoral
veins. The cannulae were exteriorized in the dorsal neck re-
gion, and patency was maintained by flushing with heparin-
ized saline (20 U/ml).

To avoid repeated ip injections, ip cannulae were im-
planted. Polyethylene (PE60) tubing was heat-bent to ap-
proximate the contours of the animal. A cuff was constructed
at one end by melting the tip of the cannula. A puncture
wound was made through the abdominal wall with a 20-gauge
needle, and the cuffed end of the tubing was inserted into the
peritoneal space. Musculature was sutured with surgical silk,
and a small amount of surgical adhesive was used to secure
the tubing. The incision above the site of implantation was
sutured with surgical silk and further secured with adhesive.
The distal end of the cannula was tunneled subcutaneously
and exteriorized at the dorsal neck region.

To implant the microdialysis probe in the hippocampus,
rats were placed in a rodent stereotaxic frame (David Kopf
Instruments, Tujunga, CA). A midline incision was made in
the scalp starting at an interaural position and proceeding
∼2-cm rostral. Connective tissue was removed with a cotton
swab, and a hole was trephined in the skull (Bregma −5.60,
Lateral +5.00, DV −7.00), and a CMA/12 guide cannula
(CMA, Acton, MA) was inserted slowly to a depth of 3 mm
below the dura. The opening in the skull surrounding the
guide cannula was sealed with bone wax, and the cannula was
secured with dental acrylic cement (DuraLay, Reliance Den-
tal Manufacturing Co., Worth, IL). A CMA/12 (3 mm) mi-
crodialysis probe, previously flushed with distilled deionized
water, was inserted slowly into the guide cannula. The inlet
and outlet ports of the probe were sealed until the experiment
to prevent drying of the probe. Following experimentation,
probes were perfused with a 1% solution of trypan blue for 15
min and animals were sacrificed and examined for hippocam-
pal staining to confirm appropriate positioning of the micro-
dialysis probe.

Experimental

Rats were placed in a microdialysis apparatus (CMA,
Acton, MA) allowing unrestricted locomotion. Microdialysis
probes were equilibrated by perfusing with artificial cerebro-
spinal fluid (147 mM NaCl, 3.0 mM KCl, 1.0 mM MgCl2, 1.3
mM CaCl2, 1.0 mM NaH2PO4) at 5 ml/min, and baseline NO
(expressed as the sum of nitrate and nitrite concentrations;
NOx

−) concentrations were determined over a 2-h interval.
Rats then received 7-NI (33.3 mg/ml in peanut oil) via the
peritoneal cannula as a 50-mg/kg loading dose followed by 25
mg/kg every 2 h for 14 h, or peanut oil alone by the same
schedule (n 4 4/group). All rats received an infusion of nor-
mal saline (2 ml/h via the femoral vein) to maintain hydration
for the duration of the experiment. Microdialysate (100 ml)
was collected every 20 min, and blood was obtained through
the jugular cannula. Serum and microdialysate samples were
stored at −20°C pending analysis.

Analysis of 7-NI

A sensitive and specific HPLC assay for determination of
7-NI has been developed (19). Briefly, serum (100 ml) or mi-
crodialysate (80 ml) was thawed, and 30 ml of p-nitroaniline
(PNA; 5 mg/ml in water) was added as an internal standard.

Samples were mixed by vortex and adjusted to 230 ml (serum)
or 150 ml (microdialysate) with water. For serum, ice-cold
acetonitrile (460 ml) was added and samples were mixed by
vortex and centrifuged (3,000g, 5 min). The supernatant was
collected and evaporated to dryness under nitrogen. Evapo-
rated samples were reconstituted in 150 ml of mobile phase
with vigorous mixing to ensure dissolution of sample compo-
nents. Aliquots (50 ml) of sample were injected on-column for
analysis. Chromatographic separation was achieved on a
BDS-Hypersil C8 column (250 × 4.6 mm, 5 mm) with a mobile
phase (pH 4.5; acetonitrile [18%], acetate buffer [82%; 20
mM, pH 4.0], and triethylamine [0.05%]) flow rate of 1 ml/
min. Absorbance of eluent was monitored at 360 nm. Under
these conditions, PNA and 7-NI eluted at 22 and 26 min,
respectively.

Probe Recovery for 7-NI

To estimate concentrations of 7-NI in hippocampal ex-
tracellular fluid, it was necessary to evaluate the recovery of
7-NI by each microdialysis probe. In vitro recoveries of 7-NI
and PNA were not statistically different (35.6 ± 0.2 vs. 35.0 ±
0.4%, respectively) at physiological pH. Therefore, PNA was
used to determine the in vivo probe efficiency by retrodialy-
sis. At the end of each microdialysis study, a solution of PNA
in artificial cerebrospinal fluid (1 mg/ml) was perfused
through the microdialysis probe, and the probe effluent was
collected and analyzed by HPLC for PNA. The fractional loss
of PNA across the probe membrane provided an estimate of
probe efficiency (20). Concentrations of 7-NI measured in
microdialysate were corrected for probe efficiency to estimate
the extracellular fluid concentration in vivo.

Analysis of NOx
− Concentrations

NO has an extremely short half-life in vivo and is con-
verted predominately to NO3

− and NO2
− (NOx

−). Due to the
relative stability of these products, NOS activity was assessed
by quantitating NOx

− in microdialysate with a modification of
the Griess assay (21). Aliquots (80 ml) of microdialysate were
transferred to amber-colored polypropylene tubes, and ni-
trate was converted to nitrite enzymatically. NADPH (10 ml;
1 mM final concentration) was added to each sample with
mixing by vortex. A mixture containing glucose-6-phosphate,
glucose-6-phosphate dehydrogenase, and nitrate reductase
(10 ml; final concentrations 0.5 mM, 160 mU/ml, and 80 mU/
ml, respectively) was added with brief mixing and incubation
(25°C, 1 h) to convert nitrate to nitrite. Sample temperature
was reduced to ∼4°C by placing tubes on ice (30 min). Sulfa-
nilamide and HCl (17 ml each; 1 mM and 0.6 mM final con-
centration, respectively) were added, samples were mixed af-
ter each addition, and incubated on ice for 15 min. N-(1-
naphthyl)-ethylenediamine (17 ml; 1 mM final concentration)
was added, and samples were mixed and incubated (25°C, 30
min). Spectrophotometric analysis (absorbance at 548 nm) of
samples was performed on a Beckman DU 640 spectropho-
tometer modified with a Micro Auto-1 accessory cell holder
for a microcell (minimum volume 50 ml) cuvette (Beckman
Instruments, Fullerton, CA). Standard curve analyses were
performed to verify that absorbance of the azo dye formed
was linearly related to the NOx

− concentration.
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Pharmacokinetic/Pharmacodynamic Modeling

To evaluate the parameters associated with NOS inhibi-
tion by 7-NI, it was necessary to describe the disposition of
7-NI in the hippocampus, time-dependent oscillation of base-
line NOx

− concentrations, and the relationship between NOS
activity and 7-NI concentration. Due to the lack of data re-
garding 7-NI disposition following iv administration, determi-
nation of explicit pharmacokinetic parameters for 7-NI was
not possible. However, an empirical model was developed to
describe 7-NI disposition in the hippocampus following ip
administration. Because 7-NI equilibrated rapidly between
hippocampal extracellular fluid and serum, and estimated un-
bound concentrations in serum (19) were equivalent to con-
centrations in hippocampal extracellular fluid, hippocampal
extracellular fluid was indistinguishable from the central
pharmacokinetic compartment. Thus, the pharmacokinetic
model was comprised of an absorption compartment (perito-
neal cavity) and a central compartment (volume 4 Vc), which
contained both serum and hippocampal extracellular fluid.
The rate constants for absorption into (ka) and elimination
from (K) the central compartment were assumed to be first
order at the 7-NI doses administered in this experiment. Ad-
ministration of 7-NI into the absorption compartment oc-
curred via rapid infusion (k0).

NOx
− concentrations in the hippocampus of control rats

displayed cyclic fluctuations throughout the experiment. To
approximate these fluctuations, NOx

− concentrations were fit
with a function describing the behavior of an oscillating sys-
tem (22). Baseline fluctuations in NOx

− concentrations
(CNOx) were:

dCNOx
/dt = Rin − ~Rout × CNOx

! (1)

Rin = Rinm + ~Rinm × A × cos ~2p/v × ~t − tx!!! (2)

in which Rin represents the instantaneous zero-order input
rate of NOx

− into the hippocampus and is dependent on the
mean input rate (Rinm); A is the amplitude of NOx

− fluctua-
tions; tx is the time of peak NOx

− concentrations (acrophase);
v is the frequency of NOx

− oscillations; and Rout is the first-
order rate constant for NOx

− elimination from the hippocam-
pus. Estimates of Rinm and v were determined by model-
independent analysis of the data as shown in Fig. 1 and were
held constant during subsequent modeling.

To determine relevant pharmacodynamic parameters for
NOS inhibition by 7-NI, a linked pharmacokinetic/pharmaco-
dynamic model was developed. Kinetic parameters obtained
from modeling 7-NI disposition and baseline NOx

− fluctua-
tions were held constant, allowing estimation of the maximal
inhibition of NOS (i.e., a decrease in Rin) by 7-NI (Imax) and
the concentration of 7-NI producing 50% maximal inhibition
(IC50):

dCNOx
/dt = Rin × ~1 − I! − ~Rout × CNOx

! (3)

I = ~Imax × CNOx
!/~IC50 + CNOx

! (4)

Initial analyses indicated that the model converged with an
estimate of Imax that exceeded 99%. Because in theory NOS
could be inhibited completely by 7-NI, Imax was set as a con-
stant (100%), and tx and IC50 were included as parameters in
the final model.

Model equations were fit to the 7-NI and NOx
− concen-

tration-time data by nonlinear least-squares regression (Win-
Nonlin, Pharsight Corp., Palo Alto, CA). Assessment of the
goodness of fit of the model to the observed data was based
on Akaike’s Information Criteria, residual plots, coefficients
of variation, and confidence intervals of parameter estimates.

RESULTS

7-NI concentration-time profiles in serum and hippocam-
pal extracellular fluid are presented in Fig. 2. In vivo micro-
dialysis probe recoveries (mean ± SD) were 25.5 ± 4.8%
(range of 19.6–32.3%). Individual probe recoveries were used
to correct microdialysate concentrations of 7-NI to provide
estimates of 7-NI concentrations in hippocampal extracellular
fluid. 7-NI concentrations accumulated gradually in both flu-
ids during repeated administration of 7-NI. A rapid equilib-
rium between hippocampal and serum 7-NI concentrations
was observed; the ratio of 7-NI concentrations in hippocam-
pal extracellular fluid to serum was 0.42 ± 0.02 and did not
vary statistically with time (ANOVA, P > 0.6). Previous ex-
periments (19) indicated that 7-NI was ∼50 to 60% bound in
rat serum. When serum concentrations were corrected for
protein binding, concentrations of 7-NI in the hippocampus
and unbound concentrations in serum were almost identical.
The ratio of 7-NI concentrations in hippocampal extracellular
fluid to the predicted unbound concentrations in serum (as-
suming an average fu 4 0.45) was 0.92 ± 0.05, indicating that
unbound concentrations of 7-NI were essentially equivalent
in serum and hippocampal extracellular fluid.

Fig. 1. Scheme for the model describing oscillations of NOx
− in the

hippocampus (A), and a graphical representation of the parameters
intrinsic to this model (B). In control animals, Rin is simply a function
of time; in 7-NI-treated rats, Rin is a function of time and 7-NI con-
centration. Parameter designations are defined in the text.
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To approximate the disposition of 7-NI in the hippocam-
pus following repeated ip administration, an empirical phar-
macokinetic model was fit to the hippocampal extracellular
fluid 7-NI concentrations. The correspondence of the model
to the observed data is shown in Fig. 2; pharmacokinetic pa-
rameter estimates obtained with this model, reported as the
estimate and its associated standard error as returned by the
regression routine, are presented in the legend to Fig. 2. In
general, the model was capable of describing fluctuations in
hippocampal 7-NI during the course of the experiment. In
addition, by correcting hippocampal concentrations (assumed
to be equivalent to unbound serum concentrations) for the
presumed degree of protein binding, the model was capable
of predicting total 7-NI concentrations in serum (Fig. 2). The
parameter estimates, although of limited mechanistic use,
were important in constructing the subsequent integrated
pharmacokinetic-pharmacodynamic model.

The mean concentration vs. time profile for hippocampal
NOx

− in control rats is presented in Fig. 3. NOx
− concentra-

tions in the hippocampus displayed cyclic fluctuations (80–
120% of baseline) throughout the study, which were observed
consistently in individual profiles as well as in the group av-
erages. Pharmacokinetic modeling of these data indicated
that NOx

− fluctuations (amplitude of 0.160 ± 0.043) had a
frequency of ∼7 h. Acrophase (maximal concentration) oc-
curred at 6.92 ± 0.22 h, coinciding with approximate clock-
times of 10 AM, 5 PM, and 12 AM, respectively (relative to a
light cycle of 7 AM–7 PM).

To determine the in vivo pharmacodynamic parameters
(Imax and IC50) associated with inhibition of NOS by 7-NI, a
linked pharmacokinetic-pharmacodynamic model was devel-
oped. The simultaneous fit of this model to the 7-NI concen-
trations in hippocampal extracellular fluid and the hippocam-
pal NOx

− concentration-time data are presented in Figure 4.
Associated estimates of pharmacokinetic and pharmacody-
namic parameters are presented in the figure legend. Corre-
spondence of the model with the observed data was accept-
able, although it should be recognized that the structure of the
kinetic portion of the model was empirical. NOx

− concentra-
tions in the hippocampus decreased during the first 2 h of the
experiment (i.e., the pre-7-NI baseline period) due to the
cyclic behavior of NOx− observed in control animals. Al-
though NOx

− decreased to only ∼85% of the initial concen-
tration in control animals by 4 h, NOx

− concentrations in
7-NI-treated rats declined to <60% of time 0 concentrations,
reaching an initial nadir at ∼5.5 h. In both control and 7-NI-
treated rats, NOx

− increased between 5 and 8 h, decreased to
a second nadir at ∼12 h, with a subsequent increase through
the end of the experiment. 7-NI-treated rats displayed, on
average, an ∼60% decrease in NOx

− by 12 h. Pharmacody-
namic modeling indicated that the in vivo IC50 for 7-NI in
hippocampal extracellular fluid was 17 mg/ml, corresponding
to a total serum concentration of ∼38 mg/ml, which was
achieved by the end of the administration period. Whereas
the simple Hill equation was capable of relating changes in
NOS activity to 7-NI concentrations in the pharmacokinetic-
pharmacodynamic model (Fig. 4), a more complicated rela-
tionship was observed between changes in brain tissue NOx

−

and 7-NI concentration (Fig. 5). This relationship was clearly
sigmoidal with a maximum increase in NOx

− concentration of
54%. The 7-NI concentration in hippocampal extracellular

Fig. 2. Concentration-time profiles for 7-NI in serum (●) and hippo-
campal extracellular fluid (C) after ip administration of a 50-mg/kg
loading dose (time 0) plus 25 mg/kg every 2 h. Data are presented as
mean ± SD (n 4 4 per treatment); lines indicate the fit of the phar-
macokinetic model to the hippocampal concentration-time data and
model predictions of the serum concentration-time profile. Recov-
ered pharmacokinetic parameters were: ka 4 0.079 ± 0.010 h−1; K 4

2.24 ± 0.94 h−1; Vc /F 4 4.68 ± 2.13 l/kg.

Fig. 3. Fluctuations of hippocampal NOx
− in control rats. Symbols

represent mean ± SD (n 4 4); line indicates the fit of the kinetic
model for oscillating NOx

− production to the data.

Fig. 4. Fit of the kinetic-dynamic model to NOx
− (m) and 7-NI (C)

concentrations in hippocampal extracellular fluid. Symbols represent
observed data (mean ± SD; n 4 4 per treatment); lines indicate the
model fit. Recovered pharmacodynamic parameters were: Rout 4

0.887 ± 0.019 h−1; IC50 4 17.2 ± 1.1 mg/ml; Imax 4 100%.
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fluid associated with a 27% increase in NOx
− concentration

(i.e., the apparent IC50 of 7-NI relative to changes in NOS
activity) was ∼9 mg/ml.

DISCUSSION

NOS inhibitors have been used extensively as probes to
evaluate the physiological roles of NO. However, extensive
pharmacokinetic/pharmacodynamic analysis is available only
for the non-isoform-selective NOS inhibitor Nv-nitro-L-
arginine (16–18). In the absence of reliable macokinetic and
macodynamic data, NOS inhibitors must be administered em-
pirically, limiting the reliability with which differing study de-
signs can be compared. Previous experiments (19) were per-
formed to evaluate the pharmacokinetics of 7-NI when ad-
ministered as a single ip dose. These data indicated that 7-NI
disposition was nonlinear over the dose range of 10 to 50
mg/kg, which could complicate the design of experiments di-
rected toward providing a specific degree of NOS inhibition.
The present study was performed to evaluate the disposition
of 7-NI in the rat hippocampus during continuous adminis-
tration of 7-NI and to evaluate the pharmacodynamics of
7-NI-mediated inhibition of NOS.

Comparison of 7-NI concentrations in serum and hippo-
campus (Fig. 2) indicated that 7-NI distributed rapidly into
the brain from the systemic circulation. In addition, when
serum concentrations of 7-NI were corrected for estimates of
protein binding, unbound concentrations in the serum and
concentrations in hippocampal extracellular fluid were almost
identical. These observations suggest that 7-NI distributes
passively across the blood-brain barrier. Therefore, serum
concentrations of 7-NI, corrected for a known extent of pro-
tein binding, can be used as a surrogate for unbound 7-NI
concentrations in the CNS. The present data allow the design
of administration regimens that can maintain specified 7-NI
concentration ranges in the brain.

To evaluate the relationship between 7-NI concentra-
tions and inhibition of NOS in the hippocampus, the pharma-
codynamics of 7-NI-mediated inhibition of brain NOS was
examined with in vivo microdialysis. Due to the extremely
short in vivo half-life of NO, the Griess assay for NOx

− was
used as an indirect measure of NO concentrations. Experi-
ments in control rats indicated that NOx

− concentrations dis-
played cyclic fluctuations throughout a 14-h period (Fig. 3).
Although the mechanism for these fluctuations is unknown,
previous studies (23) indicated that L-arginine concentrations
in the CNS display time-dependent fluctuation with higher
concentrations in the morning and decreased concentrations
in the evening. Because L-arginine is the precursor of NO,
such fluctuations may be responsible for the observed cycling
of NOx

−. In addition, the effects of 7-NI on electro-
encephalographic power spectra in rats were more prominent
during the day than during the night (24), consistent with
higher NO concentrations (and therefore an enhanced poten-
tial for inhibition) during the day. These authors concluded
that NO exerts an excitatory circadian effect on the neuronal
structures responsible for the control of vigilance. Circadian
changes in NOS activity also have been observed (25). These
reports all suggest that the rate of NO production is a light-
cycle-dependent circadian process dependent on changes in
the available precursor and/or the activity of the enzyme. The
present results also indicate a cyclic pattern of NO produc-
tion; however, the frequency of the observed oscillations (∼7
h) is not typical of a circadian process (∼24 h). Due to the
intensive dosing and sampling schedule in the present experi-
ment, the normal light cycle was interrupted (due to activat-
ing room lights to obtain samples), possibly resulting in a
perturbation of the physiological circadian rhythm.

Administration of 7-NI resulted in significant inhibition
of NOS activity in the rat hippocampus (Fig. 4). The magni-
tude of inhibition of NOS appeared to be correlated with
hippocampal concentrations of 7-NI. It was not feasible to
develop a simple, static relationship between changes in NOx

−

and 7-NI concentrations due to the cyclic pattern of NOx
− in

control animals. Thus, despite the fact that the relevant site of
action was pharmacokinetically indistinguishable from the
central compartment, it was necessary to resort to pharmaco-
kinetic/pharmacodynamic modeling to evaluate the relation-
ship between 7-NI exposure and NOx

− in the hippocampus.
Multiple-dose administration of 7-NI was capable of in-

hibiting NOS activity in the brain for an extended period. The
results of this study serve as an aid in the design of future
experiments involving 7-NI and would allow design of dosing
regimens to attain specific degree of NOS inhibition for se-
lected periods of time. Parameters describing the inhibition of
NOS by 7-NI have been reported in the literature previously.
Wolff and Gribbin (8) reported that inhibition of NOS by
7-NI exhibits a Ki of 0.16 mM for neuronal NOS as compared
with 1.6 mM for the inducible isoform of NOS. In contrast, the
in vivo IC50 is ∼100 mM as documented in the present series
of experiments. Whereas in vitro data provide important in-
formation regarding selectivity and mechanisms of inhibition
relative to other NOS inhibitors, their use in predicting the in
vivo concentrations necessary to attain a desired level of NOS
inhibition is limited.

In summary, the present study provides an extensive
evaluation of the pharmacokinetics and in vivo pharmacody-
namics of 7-NI. These experiments indicated that 7-NI rapidly

Fig. 5. Comparison of the relationship between effect on hippocam-
pal NO and serum 7-NI for predicted change in NOS activity (●) and
observed change in extracellular NOx

− (C). Symbols represent the
mean data as presented in Figure 4 (NOx

−) or predictions based on
the pharmacokinetic-pharmacodynamic model (NOS activity); error
bars have been omitted for clarity. Lines represent prediction of the
integrated pharmacokinetic-pharmacodynamic model (NOS activity)
or empirical fit of the sigmoidal Hill equation to the data (NOx

−

concentrations).
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equilibrates with the CNS most likely by passive diffusion. As
a result, total serum concentrations corrected for protein
binding provided a reliable estimate of 7-NI concentrations in
hippocampal extracellular fluid. Pharmacokinetic/pharmaco-
dynamic modeling indicated that 7-NI was capable of inhib-
iting NOS activity with an apparent IC50 of ∼17 mg/ml. These
data serve as an aid for the development of rational 7-NI
dosing regimens that will provide a desired magnitude of
NOS inhibition.
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