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FREGLY, M. J., N. E. ROWLAND AND J. R. CADE. Comparison of the hyperhydrating effects of angiotensin II
and isoproterenol. PHARMACOL BIOCHEM BEHAV 43(4) 1143-1149, 1992. — Administration of a single dose of angio-
tensin I1 (AII) has been shown to induce a state of hyperhydration in rats that can last from 6-10 h depending upon the route
of administration and the dose. The objective of the present study was to determine whether another dipsogenic agent,
isoproterenol (ISO), a S-adrenoceptor agonist, could also induce a state of hyperhydration. The results indicate that a single
SC dose of ISO can induce a hyperhydration that lasts from 4-6 h depending upon the dose administered. Administration of
graded doses of either AII or ISO induced graded increases both in the time of hyperhydration and change in accumulative
mean fluid exchange, (AFE, fluid exchange of treated less fluid exchange of control). These two parameters were related
linearly and directly for each drug, although the slopes, but not the intercepts, of the relationship for each drug differed
significantly. Because the objective of optimal hyperhydration should be to achieve the longest duration of positive fluid
balance with the least amount of ingested fluid (i.e., AFE), the slopes of the two lines provide a convenient way to compare
the hyperhydration induced by AII and ISO. By this criterion, it would appear that AII provides a more optimal hyperhydra-

tion than 1SO.

Hyperhydration Angiotensin II Isoproterenol

B-Adrenoceptor agonist

Dipsogenic agents

AN earlier study from this laboratory showed that a single
SC injection of angiotensin II (AIl) into rats was capable of
inducing a state of hyperhydration that lasted 6-10 h (2). Simi-
lar results were observed when AII was injected intracerebro-
ventricularly. Because AII is a known dipsogenic agent, the
possibility existed that other known dipsogenic agents may
also exert a similar effect. This possibility was tested in the
present experiment in which dose-response relationships were
established between the administered doses of both AII and
isoproterenol (ISO), a B-adrenoceptor agonist, and both the
time of hyperhydration and change in mean fluid exchange
(AFE, fluid exchange of treated group less fluid exchange of
control group). The results of this study also provide a method
for comparison of the hyperhydrating effects of these two
different dipsogenic agents.

METHOD

Two separate experiments were carried out using male rats
of the Long-Evans (Charles River Laboratories, Wilmington,

MA) strain weighing 300-350 g. Each experiment was con-
cerned with a specific dipsogenic agent (for Experiment 1, it
was AIl; for Experiment 2, ISO). Three studies comprised
each experiment, each of which used a different dose of the
dipsogenic agent.

Rats were kept three per cage in a vivarium maintained at
25 + 2°C and illuminated from 7:00 a.m.-7:00 p.m. Purina
Laboratory Chow (5001) and water were freely available until
the beginning of the experiment, at which time containers for
water and food were removed from each cage. All experiments
began at 9:00 a.m. At the beginning of the study, each rat
was weighed, treated as described in each study below, and
placed into a metabolic cage. A pre-weighed bottle of water
(25°C) was placed on each cage and water intakes measured
gravimetrically every hour for the next 7 h. Fluid containers
were infant nursing bottles with cast aluminum spouts (3).
Urine output was also measured hourly during each study. No
food was available during the study.

All data were analyzed by a one-way analysis of variance
(ANOVA) and linear regression analysis. The confidence limit
was set at the 95% level.

! Requests for reprints should be addressed to Dr. Melvin J. Fregly, Department of Physiology, Box 100274, University of Florida, College of

Medicine, Gainesville, FL 32610.
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Experiment 1: Effect of Acute Administration of
All on Fluid Exchange

Three separate studies using the same 12 rats were carried
out. The protocols for the studies were the same in that one
group (six rats) was administered one of three concentrations
of AII while the second group (six rats) was administered the
vehicle used to dissolve the AII. The doses of AII used in the
three studies were 50, 75, and 150 ug/kg SC, respectively. In
each study, rats were randomized. At the end of each study,
rats were returned to their home cages, where food and water
were freely available until the next test several days later.

Experiment 2: Effect of Acute Administration of
ISO on Fluid Exchange

Three separate studies were carried out using the same 12
rats from Experiment 1. The studies were carried out identi-
cally to those described in Experiment 1 except the -
adrenoceptor agonist ISO, at three different doses (7.5, 15,
and 25 ug/kg SC, respectively), was used as the dipsogenic
agent.

RESULTS

Experiment 1

Study 1. Acute administration of 50ug AIll/kg increased
water intake significantly (p < 0.05) above that of the control
group within the first hour after treatment (Fig. 1A) but did
not affect urine output significantly (Fig. 1B). Mean fluid
exchange (water intake less urine output) for each group is
shown in Fig. 1C. Fluid exchange of the control group was
negative throughout the study, reaching a value of about 5
ml/kg by the seventh hour. In contrast, fluid exchange of the
All-treated group was positive and significantly (p < 0.01)
elevated for the first 3 h of the study and became increasingly
negative thereafter. To assess the effect on fluid exchange due
to All, fluid exchange of the control group was subtracted
from that of the treated group (delta accumulative mean fluid
exchange, AFE). There was a highly significant negative linear
relationship between AFE and time, with a correlation coeffi-
cient (1) of —0.97 (p < 0.01) (Fig. 2). The time for AFE to
reach zero was approximately 5.7 h. AFE extrapolated to zero
time was 6.6 ml/kg. This value represents the amount of fluid,
over and above that of the control group, that would have
been ingested if the response to administration of AII had
been instantaneous.

Study 2. The effects of an increased dose of AIl (75 ug/
kg, SC) on water intake (Fig. 3A), urine output (Fig. 3B), and
mean fluid exchange (Fig. 3C) were similar but greater than
those described for the lower dose in Study 1. Both water
intake and fluid exchange of the treated group were elevated
significantly (»p < 0.01) above those of the control group
throughout the study. However, urine outputs were not signif-
icantly different. AFE for this dose of AII was also a negative
linear function of time and had a highly significant correlation
coefficient (r = —0.986; p < 0.01) (Fig. 2). The time for
AFE to reach zero was 10.4 h, while the AFE at zero time was
9.5 ml/kg.

Study 3. The effects of administration of 150 ug All/kg
SC on water intake (Fig. 4A), urine output (Fig. 4B), and
mean fluid exchange (Fig. 4C) were proportionately greater
than those observed in the earlier studies. Water intake and
fluid exchange of the treated group were again elevated signifi-
cantly (p < 0.01) above those of the control group through-
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FIG. 1. Effect of administration of angiotensin II (AII) (50 ug/kg,
SC) on water intake (A), urine output (B), and mean fluid exchange
(C). The groups are designated. Means + one SE are shown.

out the study. However, urine outputs were not significantly
different from control. Again, AFE showed a negative linear
relationship with time that was highly significant (r = —0.92;
p < 0.01) (Fig. 2).

AFE for the three doses of AlIl vs. time are compared in
Fig. 2. There were no significant differences in the slopes of
the lines but the intercepts of any two regressions differed
significantly (p < 0.01). Thus, there was a curvilinear dose-
response relationship between AFE and dose of AII adminis-
tered (Fig. SA), as there was between time of hyperhydration
and dose of AIl administered (Fig. 5B). These figures suggest
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FIG. 2. Change in accumulative mean fluid exchange for each dose of angiotensin II
(AIl) during the course of the experiment. The groups are designated along with the
equation describing the regression for that group. The correlation coefficient (r) is also

given with each equation.

that near maximal effects on AFE and time of hyperhydration
occurred when 75 ug All/kg was administered.

Experiment 2

Study 1. Administration of the lowest dose of ISO (7.5 ug/
kg, SC) increased water intake significantly (o < 0.05) by the
first hour after administration (Fig. 6A). Approximately 75%
of the total fluid ingested during the 7-h study was ingested
within the first hour,

Urine output of the ISO-treated group was less than that
of the control group during the first hour after treatment but
exceeded that of the control group thereafter for the remain-
der of the study (Fig. 6B). The difference between groups,
however, was not significant at any time.

Mean fluid exchange of the treated group was significantly
(» < 0.01) increased only during the first hour after treatment
and reached zero by the second hour (Fig. 6C). The control
group was in negative fluid exchange throughout the study, as
noted above,

Study 2. Administration of the intermediate dose of ISO
(15 pg/kg, SC) resulted in significant (p < 0.01) increases in
water intake throughout the study (Fig. 7A), urine output
from 3 h onward (Fig. 7B), and fluid exchange from the first
through the third hours (Fig. 7C).

Study 3. The highest dose of isoproterenol (25 ug/kg, SC)
increased the intake of water significantly (p < 0.01) above
that of the control group throughout the first 5 h of the study
(Fig. 8A). However, the water intake of the control group was
much greater than that observed in the previous two studies.
Reasons for this difference from previous studies are not
clear. The urine output of the treated group first increased
significantly (p < 0.05) above that of the control group dur-
ing the third hour of the study and remained significantly (p

< 0.01) elevated thereafter. Urine output of the control group
increased above that observed in Study 2 (Fig. 8B). Fluid ex-
change of the treated group was significantly (p < 0.01)
greater than that of the control group during the first 2 h of
the study (Fig. 8C).

AFEs vs. time for the three studies are shown in Fig. 9.
For each dose of ISO administered, there is a negative linear
relationship between AFE and time. The slopes of the three
lines do not differ significantly although the intercepts do.

The relationship between AFE and dose of ISO adminis-
tered is shown in Fig. 10A. Similarly, the relationship between
time of hyperhydration and dose of ISO administered is
shown in Fig. 10B. These suggest that the responses are ap-
proximately maximal at 25 ug ISO/kg SC.

Figure 11 shows the relationship between AFE and time of
hyperhydration for both AIl and ISO. The relationships are
direct and linear in both cases. The slopes, but not the inter-
cepts, differ significantly. This relationship suggests that for
each drug the time of hyperhydration is directly related to the
extra amount of fluid ingested initially (i.e., AFE at 0 time).
However, the relationship between these two parameters ap-
parently differs with different treatments. The importance of
the relationship shown in Fig. 11 is that it allows a comparison
of the effect of different treatments on hyperhydration where
doses of drugs or other parameters cannot be equated initially.

DISCUSSION

One of the objectives of these studies was to determine
whether a dipsogenic agent other than AII could induce a state
of hyperhydration in rats. The results of these studies reveal
that the B-adrenoceptor agonist and dipsogenic agent isopro-
terenol can also induce a hyperhydration. Whether other



‘paIsIsIuIwIpe IV JO 950p
yora 10J uoneipAysadAy jo awy (g) -paIdisunu
-pe (IIV) 1] uisuajoldue Jo 3sOp yoes Je dFUBYOXD
pInyj ueaur aape[nundoe ut aduey) (v) ‘s ‘OId

(6%/6n) il NISNILOIONY 40 3S0d

ost <zl oot SL oS 1414 0

—

(6%/6n) || NISN3LOIONY 40 3500

oSl szl 001t SL oS 14 0

—

.

ot

TOL

TSt

=]
o~

(sanoy)
NOUVYUAHYIdAH 40 3NIL

(‘mq 6% /|w) JONYHOX3
QN4 NYIN 3ALVINNNDOY v

"UMOYS 1B S U0 F Suedpy “pateudisap are sdnoid ayJ "(D) a8ueyd
-X3 pinjj uesw pue ‘(q) indino suun ‘(y) ayeur 1rem uo (DS 3y
/37 0$1) (I1V) 11 UISua10ISUE Jo UOUBNSIUMMIPE JO 1013H b "Dl

SHNOH
L 9 S 14 € 2z i 0
— _ t + + + + G-
OlOlO/ﬁ
_ _ ~ O/Mu 1 .
o— | i @ T o W 0
L 4 l +
1
h/w l¢
/& .
./&\w
1 .-O—
RO)
SHNOH
L 9 S b < z ( 0
— + + + + + 0
| _e—8
-
_ | ] o e
__-O0—O0 F\
) lg
_ ' ﬁ\_
o— ¢ le
4 _
_ /
ﬂ\ m T+l
Lgi
S4NOH
L 9 S v ¢ z i 0
[ — + + + + + 0
0——0——0—0——0——0""">
¥
“ ‘vw
v v T i 1
@\wlml\m\m * 1z
191
(6%/6n 0GL) IV @—@ v {oz

TOHUINOD O—O

(B3/1w) (LNA1NO — INVLINI)
JONVHIX3 QN4 NV3AN

(Bx/1w)

1Nd1N0 3NN

(631/1w)
INVINI ¥ILVM

‘UMOUS 218 S 3UO F SUBIN
‘pareudisap are sdnoad ay ] ‘(D) s3ueyoxs pmjj uesw pue
‘(g) ndno suun ‘(y) ayeul 1arem uo (S ‘987 <L)
(ITV) II ursuajordue jo UOTIRIISIUTWPE JO 13JJ € "OId

SYNOH
L 9 S v < z 4 (]
T m +——t + -
O
—/OIA—U 1 1 +2-
Il  INI1 _o—0qo. & o
Y ¥ I T
w/+/ﬁ £
1 1
/o/‘ VA
¢
_ .— 18
.vOF
SHNOH
L 9 5 ¥ ¢ z i 0
+ + + 0
1 + \n* \\@ \ |y
B P2
a\% M 19
| R 16
% .
zZ1
St
SYNOH
L 9 S v < z ! ]
+ + + + [¢]
_o—0O
o—0—0—0—9° 1€
/e
| ®
1 1 1!
[ | 4
lrn—

(6%/6n /) v @—@ Y

JOYINOD O—O

(631/1w) (ANdLNO — INVINI)
JONVHIX3 aiNM4 NVaIN

(6/1uw)

1NdiNO 3NN

(63/1Ww) INVINI ¥ILVM

1146



‘ToquIAS 3y UIYIm [[ej £9Y) ‘umoys jou
aIe sIeq gS USYA\ 'UMOYS aIe G dU0 F SUBIA ‘paieu
-81sap are sdnois sy J (D) s3ueyoxs pinjj uesw pue (g)
ndino suun ‘(y) axeju 191em uo (S ‘33,37 57) (OSD
[ouasajoidost Jo uonensmIwpe Jo 19939 '8 ‘OIA

SINOH
0L 09 0§ 0+ 0¢f 0¢C 0Ol
1 ! 4 } + + + 0
~— W\IO\. Ly \M).J
O—o0o—1 +A_ h \w/mm
_ — +8 ABG
=~ m
o | W
1 T 21o9OF
*—¢ [TISE
N =S
T9l m_j
D Loz
SYNOH
0. Q09 06 0¥ 0¢ 0C 01
+  E—_ + —+ +——@ 0
. e
1 5—0 ? ™ c
T «\O 1 3 2
o——0 1 v =z
T 1 o g ~m
o ! & o
m\_ tzr o5
v x Y M U
*—*o I
‘g toz
SHNOH
0L 09 0S¢ 0¥ 0¢ 02Z 0O 0
Av¢
e 33
. 33
O\O re /mw
o—0 &2
1 1~ ! 121 o3
O‘IO 1 «\ M >
I | 1 ——9 ¢ oA
+\4\\w\\ 19
Y {oz

(6%/6nGZ) TONIYILO¥JOS| @—@
INMVS O—0

*TOquIAS 3Y1 uIym [rey £3y) ‘umoys jou
aIe sJeq S USYA\ "UMOYS dIe gS U0 F SUBdA ‘pajeu
-81sap axe sdnois ayJ, ‘(D) s8ueydoxs piyy uesw pue ‘(g)
indino suumn ‘() axelur 1o1em uo (DS ‘3%/37 ¢1) (OSD
[oudsajordosl JO uUONBNSIUMMPE JO 109JJF ‘L 'OI4

SHNOH
0L 09 0SS 0% 0O¢€ 02 0! ]
+ + + + + + ‘ [ €
o
— mm 8 y]
AN ° m
0O . R )
iy — T X =
° s ao
/< n.m
® X
.F/ 401 /.\_
1 [o]
3
‘D ‘st s
SYNOH
0L 09 0§ Oy 0¢f 02 01
+ -+ + 4 4 +—— @ 0
- O\O\.\uw *
.\0\ T
o—>90 \ ~5
° 3z
\ T8 /m
x
. 60
\ AVN— .Q-m
® 3
o o8
o t91 =
g +oz
SYNOH
0L 09 0SS Oy 0¢ 0T 01
+ + + + + + + 0
. 2 —0—0—0—C /1" _
O—o— 97+ wm
18
%
b [To
: - % Il oZ
o—o— ¥ 2%
tor M
< 40z

(6%/6ng | ) TONINILOYLOSI®—@
INMVS JINOLOSIO-—O

‘uUMOoys

aIe JG 2uo F suedpy "pajeusisap are sdnoid ayy, ‘(D) s8ueyoxd
pmy uesw pue ‘(g) indino auun ‘(y) ayeur 1a3em uo (DS 9y
/31 §°1) (OSI) [0u212101dOST JO UONEXSUNIPE JO 30313F '9 ‘DI

°]

SHNOH
14

4+

+

1+01L-

(&%/1w) (1ndLNO — 3NVINI)
3ONVHIX3 QINld Nv3n

Tao

(6x/1w)
1NdLNO 3NN

<
<

P
(6x1/1w)
IVYINI ¥31vm

+
o
-

}
F

o~N

-

(621/6nG°£) TONIYILONLOS| @—@

3NIVS JINOLOSI O—O

1147



1148

O ISO (7 5ug/kg

r=-0.99
. ISO (15 Oug/kg
—~ 1.78X r = —-0.96
124 A |so (25 Oug/kg
Y =11.18 - 5X r=-~0.93

A

A ACCUMULATIVE MEAN FLUID EXCHANGE
(ml/kg)
»

HOURS

FIG. 9. Change in mean fluid exchange during the 6-h experiment
for groups receiving the three doses of isoproterenol (ISO). The
groups are designated. The equation describing each regression, along
with its correlation coefficient (r), are given.
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known dipsogenic agents can do likewise will await additional
experimentation.

A further aim was to establish a dose-response relationship
between the dose of dipsogenic agent administered and time
of hyperhydration. This was also accomplished by these stud-
ies both for AIl and ISO.

An interesting additional finding was that the relationship
between AFE and time was direct, linear, and dose related.
AFE extrapolated to time = 0 represents the amount of fluid,
above that of the control group, that would have been ingested
if intake were instantaneous. Hence, a dose~response relation-
ship would be expected. Extrapolation of the line to AFE = 0
represents the time to fluid equilibrium or the time of hyperhy-
dration.

The importance of the results presented here is that they
provide a way to compare two different dipsogenic agents. Of
necessity, different doses of AIl and ISO were used here.
Further, one (AIl) is a pressor agent while the other is a de-
pressor. One (ISO) increases heart rate while the other does
not. Other differences exist in the physiological responses to
the two drugs. Hence, equating their effects on hyperhydra-
tion on the basis of these responses would be difficult. Because
both drugs increase both the time of hyperhydration and AFE
in a direct, dose-related fashion, relating AFE to time of hyp-
erhydration resulted in a positive direct linear relationship be-
tween these two parameters for each drug. Comparison of the
two lines revealed a significant difference in slopes but not
intercepts. Because the objective of optimal hyperhydration
should be to achieve the longest duration of positive fluid
balance with the least amount of ingested fluid (i.e., AFE),
the slopes of the two lines provide a convenient way to com-
pare the two drugs. AII can be seen (Fig. 11) to have a longer
time of hyperhydration at any level of AFE. It is therefore the
better drug for purposes of hyperhydration. This conclusion
is verified by comparison of the linear regressions of AFE vs.
time for the doses of AII with those for ISO. Each dose of
AIl consistently has a smaller slope than does that of ISO,
indicating that with AII a smaller rate of decrease in AFE is
occurring, thus making AlI a better agent for hyperhydration.

These studies have not taken into account the extrarenal
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water losses that occur in rats. These have been measured and
amount to 1.0 ml/kg body weight/h (1). Adding the extrarenal
water losses to urinary losses for each group essentially cancels
out its effect and does not change the time required for AFE
to return to equilibrium (2).

The present results are in agreement with those reported
earlier in that control rats in each study allow themselves to
go into negative fluid exchange by as much as 5-8 ml/kg
body weight by the end of the 7 h of daylight during which
measurements were made (2). It is surprising that such a large
negative fluid exchange would occur without inducing suffi-
cient drinking to return animals to balance. This interesting
observation requires additional study but is in agreement with
earlier results that have shown that water intake by rats occurs
almost exclusively at night (5). Further, because all of these
studies were started in the morning no attempt has been made
to examine whether and how the duration of hyperhydration
might vary with time of day. Because other urinary parameters
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have a pronounced circadian rhythm (4), we would anticipate
a day/night difference. However, such studies have not yet
been carried out.

The results of these studies, as well as our earlier study (2),
reveal that perturbation of fluid exchange resulting from ei-
ther an acute peripheral or central injection of AIl, or periph-
eral injection of ISO, extends for at least 6 h after injection,
that is, well beyond the half-life of the compounds in the
circulation. The duration of this perturbation should be kept
in mind by those investigators who use these compounds to
study the physiological regulations and responses of body flu-
ids to their administration.
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