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Abstract

The influence of chronic nitric oxide synthase inhibition with NG-
nitro-L-arginine methyl ester (L-NAME) on body fluid distribution
was studied in male Wistar rats weighing 260-340 g. Extracellular,
interstitial and intracellular spaces, as well as plasma volume were
measured after a three-week treatment with L-NAME (»70 mg/kg per
24 h in drinking water). An increase in extracellular space (16.1 ± 1.1
vs 13.7 ± 0.6 ml/100 g in control group, N = 12, P<0.01), interstitial
space (14.0 ± 0.9 vs 9.7 ± 0.6 ml/100 g in control group, P<0.001) and
total water (68.7 ± 3.9 vs 59.0 ± 2.9 ml/100 g, P<0.001) was observed
in the L-NAME group (N = 8). Plasma volume was lower in L-NAME-
treated rats (2.8 ± 0.2 ml/100 g) than in the control group (3.6 ± 0.1 ml/
100 g, P<0.001). Blood volume was also lower in L-NAME-treated
rats (5.2 ± 0.3 ml/100 g) than in the control group (7.2 ± 0.3 ml/100 g,
P<0.001). The increase in total ratio of kidney wet weight to body
weight in the L-NAME group (903 ± 31 vs 773 ± 45 mg/100 g in
control group, P<0.01) but not in total kidney water suggests that this
experimental hypertension occurs with an increase in renal mass. The
fact that the heart weight to body weight ratio and the total heart water
remained constant indicates that, despite the presence of high blood
pressure, no modification in cardiac mass occurred. These data show
that L-NAME-induced hypertension causes alterations in body fluid
distribution and in renal mass.
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Nitric oxide (NO) has an important role
in the physiologic control of blood pressure.
Alterations in NO synthesis may be involved
in the pathogenesis of hypertension. There is
evidence that the short-term and long-term in
vivo administration of nitric oxide synthase
(NOS) inhibitors such as NG-nitro-L-argi-
nine methyl ester (L-NAME) induces a dose-
and time-dependent increase in arterial blood
pressure in conscious rats and adaptive
changes in the functions of the kidney, heart
and vessels (1). Three NOS isoforms (neu-

ronal, inducible and endothelial) are ex-
pressed in the heart in a cell-specific manner
(2) and in rat kidney, but it is unclear which
NOS isoform(s) is/are responsible for the
functional effects (3). The response to chronic
NOS inhibition is likely to depend upon
several factors, including the cellular source
of NO, the amount released, the target tissue
and interactions with neurohumoral factors
(4). Recent investigations have shown that
the chronic model of hypertension with L-
NAME is generally associated with an archi-
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tectural modification of cardiovascular tis-
sues as well as with tubular and renal hemo-
dynamic changes (1,5). Moreover, it is likely
that the modifications of renal and cardio-
vascular functions induced with L-NAME
could lead to an abnormal control of body
fluid volume (6). However, little informa-
tion is available about the effect of chronic
NOS inhibition on body volumes. On the
basis of these considerations, we have stud-
ied the effect of chronic blockade of NO
synthesis with L-NAME on body fluid dis-
tribution and on renal and cardiac tissue.

Long-term L-NAME treatment was per-
formed on male Wistar rats weighing 260-
340 g, obtained from Facultad de Farmacia y
Bioquímica breeding laboratories (Universi-
dad de Buenos Aires, Argentina). Animals
were housed in a temperature- and humidity-
controlled environment with automatic light-
ing in 12-h cycles and maintained on stan-
dard rat chow (Nutrimentos Purina, Buenos
Aires, Argentina) and tap water ad libitum
up to the day of the experiments. Animals
were used in compliance with the Research
Animals Use Guideline of the American
Heart Association. A group of eight rats
received L-NAME (Sigma, St. Louis, MO,
USA) in the drinking water for three weeks,
while 12 age-matched control rats received
drinking tap water alone. The concentration
of L-NAME was adjusted according to body
weight and water intake, resulting in a daily
intake of approximately 70 mg/kg. At the
end of treatment, systolic blood pressure
was measured by the tail-cuff method using
a Grass polygraph (model 79H, Grass Instru-
ments Co., Quincy, MA, USA). All rats were
anesthetized with urethane (Sigma), 1 g/kg
body weight, ip. Under aseptic conditions,
both kidneys were removed through bilat-
eral lumbar incisions. After performing a
tracheotomy, the right jugular vein and the
left carotid artery were catheterized for drug
administration and later recovery of blood.

The extracellular space was determined
as inulin space by injecting 0.7 ml of a 13%

inulin solution into the jugular vein, and an
enzymatic method was used for the determi-
nation of plasma inulin (7). Plasma volume
was evaluated according to the method of
Wang (8) using Evans blue as indicator. The
intracellular space was determined as the
difference between total water and extracel-
lular space. The interstitial space was ob-
tained by subtracting plasma volume from
inulin space. Total water was estimated as
the difference between rat wet weight and
dry weight. Dry weight was obtained by
placing the dead rats and their organs in an
oven at 100ºC for three days (9). The hema-
tocrit was measured by spinning in a
microfuge the blood collected into micro-
hematocrit tubes. Plasma albumin concen-
tration was determined by a colorimetric
method (bromocresol phthalein, Wienner
Laboratories, Rosario, Argentina). Statisti-
cal differences between groups were evalu-
ated by the Student t-test and a 5% probabil-
ity level was used as a criterion for signifi-
cance. Values are reported as means ± SEM.
The Prism software (Graph Pad Software)
was used for statistical analysis.

Systolic blood pressure was significantly
higher in animals after three weeks of L-
NAME treatment compared with control rats
(161 ± 7 vs 113 ± 3 mmHg, P<0.001). Body
weight of control rats was similar to that of
the L-NAME group (267 ± 8 and 273 ± 9 g,
respectively). Furthermore, L-NAME treat-
ment induced a significant increase in extra-
cellular space, interstitial space and total
water compared with control rats (Table 1).
Plasma volume and blood volume were sig-
nificantly lower in the L-NAME group,
whereas no significant changes occurred in
the hematocrit values (control: 51 ± 1, L-
NAME: 49 ± 3%). There was no significant
difference in intracellular space between the
control and L-NAME groups. The relation-
ship between plasma volume and interstitial
space decreased significantly in the L-NAME
group compared with control rats (0.21 ±
0.02 to 0.40 ± 0.04, respectively, P<0.001).
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Plasma albumin concentration did not change
significantly after L-NAME administration
(control: 2.25 ± 0.12, L-NAME: 1.90 ± 0.14
g/100 ml).

The kidney weights of control and L-
NAME-treated groups are listed in Table 2.
The total ratio of kidney wet weight to body
weight showed a significant increase after
treatment with L-NAME, and the kidney
water/wet kidney ratio remained unchanged.

Finally, no effects on cardiac mass were
observed after L-NAME treatment (L-
NAME: 347 ± 11, control: 362 ± 7 mg/100 g)
or on heart water/wet heart ratio (L-NAME:
79.1 ± 0.4, control: 76.7 ± 1.4 ml/100 g).

The increase in extracellular space with
the decrease in plasma volume observed in
our experimental model indicates an increase
of interstitial tissue compliance that permits
the accumulation of fluids in this compart-
ment. The increase in extracellular space,
like total water, may be associated with a
progressive antidiuretic and antinatriuretic
effect induced by L-NAME administration,
which can be only partially offset by the
increase in blood pressure, promoting pres-
sure natriuresis mechanisms (10,11).

These body fluid changes in animals sub-
mitted to chronic L-NAME administration
suggest that the hypertension observed could
be, at least in part, volume dependent. In
addition to the increase in vascular reactivity
induced by NOS blocking, the extracellular
fluid volume increase may provoke an in-
crease of cardiac output which, after a vari-
able period of time, may induce an increase
in peripheral resistance by an autoregulation
mechanism (12). However, the effects of L-
NAME administration on cardiac output re-
main unclear, and the different results re-
ported in the literature may be due to differ-
ences in the experimental designs (10,13,14).

Furthermore, we observed that chronic
administration of L-NAME caused a slight
nonsignificant decrease in plasma albumin.
This result agrees with published findings
demonstrating that chronic NOS inhibition

causes accelerated proteinuria, leading to a
plasma protein decrease (6,11). This may
result in an increase in the interstitial space
probably due to fluid efflux from the plasma
space. We have also observed that the plasma
volume contraction did not cause a signifi-
cant change in hematocrit; probably the
amount of volume involved was too small to
cause any alteration of this parameter. The
changes in body volumes induced by L-
NAME administration were not reflected in
body weight.

On the other hand, the total ratio of kid-
ney wet weight to body weight increased
significantly after L-NAME treatment,
whereas the kidney water/wet kidney weight
ratio remained constant, indicating an in-
crease of renal mass. Numerous studies have
demonstrated that chronic NOS inhibition in
experimental models and in humans may

Table 1. Body fluid distribution in response to L-NAME.

Parameter (ml/100 g Control group L-NAME group
body weight)  (N = 12) (N = 8)

H2Ot 59.0 ± 2.9 68.7 ± 3.9**
H2Oe 13.7 ± 0.6 16.1 ± 1.1*
PV 3.6 ± 0.1 2.8 ± 0.2**
BV 7.2 ± 0.3 5.2 ± 0.3**
H2Ois 9.7 ± 0.6 14.0 ± 0.9**
H2Oin 46.7 ± 2.9 49.0 ± 3.8

Data are reported as means ± SEM. N: number of rats; H2Ot: total
body water; H2Oe: extracellular space; PV: plasma volume; BV:
blood volume; H2Ois: interstitial space; H2Oin: intracellular space.
*P<0.01 compared to control (Student t-test).
**P<0.001 compared to control (Student t-test).

Table 2. Kidney weight and fluid distribution in response to
L-NAME.

Group WW/wet body weight KW/wet kidney
(mg/100 g) (ml/100 g)

Control (N = 12) 773 ± 45 75.9 ± 1.6
L-NAME (N = 8) 903 ± 31* 76.6 ± 0.6

Data are reported as means ± SEM. N: number of rats; WW: wet
weight; KW: kidney water.
*P<0.05 compared to control (Student t-test).
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produce deleterious effects on renal tissues
and function, leading to abnormalities in
renal response (11,15,16), whereas others
have found an increase in protein synthesis
in the kidney (17). These findings could
explain, at least in part, the hypertrophy
observed in our experimental model.

It was reported that chronic L-NAME
treatment causes cardiovascular metabolic
alterations and myocardial remodeling (18).
These changes would be expected to induce
cardiac hypertrophy as a compensatory re-
sponse that depends on the duration and
magnitude of the rise in blood pressure. How-
ever, in our experimental design the chronic
L-NAME treatment induced hypertension

without changes in cardiac mass, in agree-
ment with other studies, supporting the hy-
pothesis that the adaptation to pressure over-
load may occur without changes in cardiac
mass (19).

The results of the present study suggest
that the chronic rise in arterial blood pres-
sure induced by long-term blockade of NO
synthesis involves an abnormal body fluid
distribution in addition to the increase in
vascular reactivity already described. The
increase in renal mass could be a conse-
quence of NO pathway inhibition and/or the
activation of other systems in response to the
altered electrolyte and water metabolism.
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