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In  1950, Sapirstein et al. ( 1 )  demonstrated 
that rats developed hypertension when given 
2 %  NaCl solution to drink for 6 weeks. 
Dahl et al. (2, 3) develloped two strains of 
Sprague-Dawley rats, one of which became 
hypertensive rapidly when fed an excess salt 
diet while the other was resistant to salt. 
These two strains remained consistent as hy- 
pertension-sensitive and hypertension- 
resistant with other melthods of creating ex- 
perimental hypertensiojn, such as clipping one 
renal artery (4). In 1963, Okamoto and 
Aoki ( 5 )  produced by selective inbreeding a 
spontaneously hypertensive strain of Wistar 
rats (SHR) whose members developed ele- 
vated blood pressures as they matured. Louis 
et al. (6 )  tested the effect of salt consump- 
tion on this SHR strain and concluded that 
their blood pressures were relatively mre- 
sponsive to excessive sodium intake. Such a 
result is at  variance with the experience of 
Dahl and also is inconsistent with Okamoto’s 
observations that SHR responded with a 
greater rise in blood pressure than control 
rats when given DOCA plus 1% NaCl for 10 
weeks or following unilateral nephrec toniy 
( 7 ) .  The present study was undertaken to 
reexamine the question as to whether SHR 
developed more severe hypertension than 
normal (noa-SH) Wistar rats when subjected 
to a prolonged period of excess salt ingestion. 

Methods. Six male and 8 female SHR 
derived from the strain developed by Okamo- 
to and Aoki were divided into two groups 
each consisting of 4 females and 3 lmales. The 
membership of the groups was determined 
by matching average systolic pressures and 
body weights. One group received 1% NaCl 
in tap water ad libitum while the control 
group was given plain tap water. All rats ate 
Wayne chow. They were housed in plastic 

cages, three males or four females to a cage. 
Two control groups of 3-month-old normal 
(non-SH) Wistar rats were also formed. 
Three males and three females received the 
1% NaCl solution while one female and two 
males received tap water without excess salt. 

All rats were kept in a room controlled at  a 
constant temperature of 78°F. Systolic blood 
pressures were recorded approximately every 
2 weeks in this room by means of a tail cuff 
and mercury-in-rubber resistance gauge. The 
inflatable cuff was connected to a Statham 
transducer attached to a Hewlett-Packard 
carrier preamplifier and 2-channel recorder. 
The other channel of the recorder was con- 
nected through another preamplifier and a 
small Wheatstme bridge to the resistance 
gauge which detected the change in tail cir- 
cumference occurring at  the time of the first 
pulse appearing distal to the tail cuff. The 
rats were lightly anesthetized with ether dur- 
ing pressure measurements. The animals were 
weighed every 2 weeks. 

Results. Water consumptison. SH rats re- 
ceiving 1% salt solution drank 2 to 3 times 
more than those on tap water from the third 
week and 1 to 3 times more than the normal 
rats on the same salt regimen (Table I ) .  
Water consumption in the SH rats receiving 
salt increased with time until the majority 
had died. Normal rats receiving excess salt 
drank less than double the amount consumed 
by their litter mates who were on tap water. 

MortaEity. Th,ree of the 4 female SHR, 
drinking 1% NaC1, died between the weeks 
18 and 21 of the study. One male SHR, 
receiving 170 salt water, died in week 14 and 
another of the same group died in week 19. 
One SHR male and one SHR female are still 
alive after 28 weeks on the high salt regimen. 
All SHR who received tap water without 
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TABLE I. Average Water Consumption (ml/rat/day) in Various Groups. 

SHR Normal rats 

Controls Controls 
(tap water) 1% NaCl (tap water) 1% NaCl 

Time in  study 
(weeks) Male Female Male Female Male Female Male Female 

3 
4 
5 
9 

14 
19 
20 
21 

44 27 92 64 32 21 46 38 
59 30 118 66 31 12 50 45 
44 25 101 61 34 12 49 58 
42 25 148 68 - 25 44 42 
34 21 176 128 
40 - 110 139 - 
- -- - - 25 17 28 25 
39 25 111 84 

- - - - 
- - - 

- - - - 

excess salt are alive with the exception of one 
female who was accidentally over-etherized 
in week 26. One normal Wistar female receiv- 
ing 1% NaCl died in week 19. All of the 
other *normal rats remained alive and in good 
health through 20 weeks. 

Weights. Comparing the same sexes, both 
SHR groups showed the same growth rates 
except when an individual in the salt group 
was approaching death. Such rats would usu- 
ally show a slight weight gain followed by a 
rapid and substantial weight loss (Fig. 1). 
Both groups of normal rats grew at  the same 
rate until week 7 when the males and females 
receiving salt began to grow more slowly. 
With the exception of the females receiving 
salt, the normal rats grew faster than the 
SHR on similar regimens. 

Blood pressures. By the week 3 after be- 
ginning the study the average blood pressure 
of all SHR on the higher salt regimen was 
greater than that of their tap water counter- 
parts (Table 11). By week 9 'this difference 
was significant (p<.Ol) and remained sig- 
nificant through week 20 ( p < . O O S )  after 
which time most of the rats receiving excess 
salt died and the levels of the blood pressures 
of the remaining control rats began to reach 
that of the two remaining rats on excess salt 
(Table 11). No significant differences were 
found between the normal control rats receiv- 
ing 1 % salt and those receiving tap water. 

Pathology. Prior to death the SH rats re- 
ceiving excess salt had a scruffy, ragged ap- 
pearance. Later they developed abdominal 
bloating, edema of the front and the back 

legs, and decreased motor activity. Terminal- 
ly, these rats showed rhythmic twitching 
movements and labored breathing. 

The SH rats receiving excess salt also had 
periarteritis of the mesen,teric vessels. The 
kidneys were small and presented granular 
surfaces. Two of these rats, one male and one 
female, had left ventricular scarring. All five 
rats that died showed left ventricular hyper- 
trophy. The control SHR (sacrificed at  2 7  

Weight - Grns. - 1% salt solution .-----. tap water 

0 2 4 6 8 10 12 14 16 19 21 21 25 27 

WEEKS 
FIG. 1.  Changes in body weight of SH rats on tap 

water (- -) ; or 1% salt (-) during study peri- 
od. Males shown above and females below. 
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‘I‘ABLE 11. Blood Pressure Changes in Various Groups of Rats. 

Systolic blood pressure (mm Hg) 

SHR Normal 

Time in study Cont r 01s Controls 
(weeks) (tap water) 1% NaCl (tap water) 1% NaCl 

0 
1 
3 
5 
7 
9 

15 
20 
24 
26 
28 

121 & 1 7  
136 f 14 
142 & 23 
152 & 28 

148 f 14 
155 -t. 20 
153 & 19 
146 & 19 
172 f 18 

152 & 2.0 

16,O 2 26 

120 -t. 23 107 f 8 
129 -t. 14 
144 2 25 111 * 12 
169 2 26 
167 & 23 

196 2 14 106 2 11 
1 8 6 2  2 104+  8 
176 2 12 
179 f 6 
185 & 33 

184 f 31 91-t. 5 

106 -t- 15 

104 3- 18 

105 & 16 
103 & 19 
103 & 10 

weeks) displayed none of the above changes. 
The female normitl rat which died had no 
hypertension or edema an’d apparently died 
of a respiratory infection. 

Histological examination of the kidneys of 
the SH rats, given 1% salt solution who died, 
disclosed the typiical changes of malignant 
nephrosclerosis with fibrinoid necrosis of the 
media and intimal hyperplasia of the renal 
arterioles. The control SHR given tap water 
showed a normal renal architecture on histo- 
logical examination. All of the normal Wistar 
rats were sacrificed between weeks 20 and 21. 
No abnormalities were found in the heart, 
mesentery, or kidneys of these rats. 

Discussion. Many investigators have de- 
scribed the pathology of the accelerated 
phase of hypertension in rats to be rapid with 
loss of weight, edema, apathy, twitching or 
convulsions, and death (9-13). Renal dam- 
age shown by granular outer surfaces and a 
thin and indistinct cortical layer on cut sec- 
tion is common as is cardiac hypertrophy and 
periarteritis. The rats also may have fibrotic 
areas in the myocardium. Histological exam- 
ination shows fibrinoid necrosis of the renal 
arterioles. These pathological changes de- 
veloped only in the SHR on 1% salt and 
were not seen in the normal rat or SHR on 
tap water during the period of the experi- 
ment. 

In  the study of Meneely and associates 
( 9 ) ,  18% of their rats fed 7 ,  8.4, olr 9.8% 

NaCl died between months 3 and 6 .  In  Ko- 
letsky’s study (11) 40 weeks were required 
on 1% NaCl to produce well-developed hy- 
pertension in normal rats compared with 9 
weeks for a significant elevation of blood 
pressure in our SH rats. 

The present results are similar to those of 
Dahl (4) in whilch his “salt-sensitive” rats, 
while developing hypertension more slowly 
when initiation of a high salt diet was 
delayed until the rats were 3 months old, still 
showed an increased blood pressure and 
death within 8 months or less. Louis and his 
associates (6)  concluded that the SH rat 
shows a relative insensitivity of its hyperten- 
sion to changes in dietary sodium. However, 
their observations on salt-loaded rats did not 
extend beyond 10 weeks; and after 7 weeks 
the blood pressure was significantly higher in 
the SH rats given excess salt. Therefore, 
their results do not differ greatly from the 
present observations. 

Summary. Chronic ingestion of 1% salt 
solution causes accelerated hypertension lead- 
ing to death in the SH rat at  a more rapid 
rate than in the normal rat given 1% salt or 
in the SH rat given tap water. 
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