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right angles to the surface (1.5 X 1014) as- 
suming saturation of surfaces in both in- 
stances. 

Comment. Since radioactivity in cell and 
blood vessel digests was confined to the dex- 
tran fraction, it can be assumed that the label 
was not exchanged. Hence, the experiments 
show that dextran adheres to circulating 
blood cells in vivo and also on luminal ar- 
terial surfaces: in the latter it concentrates 
a t  sites of injury (intimectomy) possibly be- 
cause injury increases surface area. The 
mechanism by which dextran impairs clotting 
may therefore be 2-fold, involving changes in 
properties both of circulating formed ele- 
ments, such as platelets, and of luminal as- 
pects of vessel walls. 

The molecular arrangement which dextran 
seems to assume on the luminal surface of a 
vessel is consistent with physical (hydrogen) 
rather than with chemical bonding. The radial 
molecular arrangement might direct the ter- 
minal-free aldehyde groups of dextran to- 
wards the lumen, bending the molecule to the 
surface. This molecular coating may sterical- 
ly prevent the achievement of the critical 
concentration of reactants necessary for clot- 
ting or may insulate or counter transmural 
positive thrombogenic potentials ( 16) which 
initiate clotting. 

Summary. Infused C-14 dextran adheres 
in vivo to circulating blood cells and also to 
intimal surfaces of arteries, and in the latter 
to a greater extent a t  sites of recent injury. 
Coating of circulating cells, as well as the 
intima by dextran molecules (apparently 
radially arranged on blood vessel surfaces) 
may participate in the antihemostatic effects 

of dextran, especially a t  sites of high con- 
centration consequent on vascular damage. 

We would like to thank Doctor A. C. Corcoran for 
his scientific and editorial criticism of this work. 
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Effect of Hypertonic Sodium Nitrate Solutions on Blood Pressure of Rats.* 
(28921) 

MELVIN J. FREGLY 
Department of Physiology, University of Florida College of Medicine, Gainesville 

I t  is well known that excessive ingestion 
of sodium chloride is accompanied by eleva- 
tion of blood pressure of both rats and man 
(1-4). I t  makes little difference whether so- 

dium chloride is ingested by way of food or 
drinking water or whether adrenal glands are 

*Supported by grant from h s t .  Health, Bethesda, 
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present or absent (3,5,6). The relative contri- 
butions of the two ions, sodium and chloride, 
to the elevation of blood pressure under con- 
ditions of salt-induced hypertension are not 
clearly understood. The studies of Martini 
and Kaiser(7) and Kaiser(8), in which ele- 
vation of blood pressure was induced by ex- 
cessive ingestion of salt, suggest that both the 
sodium and chloride ions are required for a 
pressor response in rats and humans. In an- 
other type of experimental hypertension in- 
duced by administration of desoxycorticoster- 
one acetate in excess to rats, Selye et aZ(9) 
observed that the sodium, but not the chlor- 
ide, ion is important in development of hy- 
pertension and cardiovascular lesions. 

Preliminary studies not reported here 
showed rats to be tolerant to administration 
of hypertonic sodium nitrate solution as their 
sole drinking fluid. The present study was 
therefore designed to test cation specificity in 
development of “salt”-induced hypertension 
by utilizing hypertonic sodium nitrate in- 
stead of sodium chloride as the sole drinking 
fluid. 

Methods. Two separate experiments were 
performed. Each used male Holtzman rats 
and was carried out in an identical fashion 
with the exception that the second experi- 
ment utilized a higher concentration of sodi- 
um nitrate that the first and the rats were 8 
weeks younger a t  beginning of the experi- 
ment. The experimental procedure described 
below therefore applies to both experiments. 

All rats were kept 3 to a cage in a window- 
less room maintained at  26 t 1°C and il- 
luminated from 8 AM to 6 PM. All rats were 
given Purina Laboratory Checkers to eat ad 
libitum and either tap water (control rats) 
or sodium nitrate solution (experimental 
rats) to drink. 

Experiment I .  At the end of a 6-week con- 
trol period the rats were divided arbitrarily 
into 2 groups containing 8 rats each. Group 
1 served as controls and continued to receive 
water as drinking fluid while Group 2 re- 
ceived 0.15 M NaN03 solution to drink. At 
the end of the 19th week, Group 2 was given 
0.175 M NaN03 solution in place of 0.15 M. 
Blood pressures were measured weekly by the 
microphonic manometer technique, without 

anesthesia(l0). Body weight of each rat was 
also measured weekly. 

At the end of the 32nd week of experi- 
ment, 0.5 ml blood was withdrawn anaerobi- 
cally from the tail vein and its pH measured 
by means of a capillary electrode coupled to 
a Metrohm pH Meter. At  the end of the 33rd 
week of experiment all rats were killed by 
decapitation. Blood was collected without 
anticoagulant, allowed to clot and the serum 
separated. Serum was analyzed for chloride 
concentration by the Cotlove chloridometer 
( 11) and for sodium and potassium by flame 
photometry using lithium as the internal 
standard. At death, the heart, kidneys, testes, 
adrenals, thyroid, thymus, seminal vesicles 
and prostate were removed, trimmed of fat  
and connective tissue and weighed on a tor- 
sion balance. 

Experiment 2 .  Eight control and 8 experi- 
mental male rats were used. The objective 
was to utilize a higher concentration of 
NaNOs in the drinking water than had been 
used in the first experiment. 

Blood pressure and body weight were 
measured for 2 weeks. At the end of this 
control period the experimental group was 
given 0.15 M NaN03 solution in place of 
water. The control group continued to re- 
ceive tap water as drinking fluid throughout 
the experiment. At the end of the 3rd week, 
the concentration of NaN03 in the drinking 
water of experimental rats was increased to 
0.175 M while a further increase to 0.25 M 
NaN03 was effected at  the end of the 9th 
week of experiment. At weekly intervals dur- 
ing the 28-week experiment systolic blood 
pressure and body weight were measured. 

Results. Results of the first experiment 
are shown in Fig. 1. Mean systolic blood 
pressure of the NaN03-treated group was 
slightly, but not significantly, greater than 
that of controls during the 20 weeks 0.15 M 
N a N Q  solution was given as the sole drink- 
ing fluid (Fig. 1A). Increasing the concen- 
tration of NaN03 solution to 0.175 M was 
accompanied by an elevation of mean systoIic 
blood pressure significantly (P< .05) above 
that of controls during the last 13 weeks of 
the experiment. 

Administration of NaN03 solution resulted 



388 SODIUM NITRATE AND BLOOD PRESSURE 

* in 

-. 
i? 
F z 

1 BEGINS I BEGINS 

l o o . . , , , , , , , , ,  I ,  I I  > . I  I *  . I  . . 1 . 1 . 1 . 1 1 1  

4 6 0 1  

x 460 

5 

3 
440 

4 2 0  
t 

400 
0 15m Not403 0175mNoN03 

SOlUt lOn Solution 
( 2 0  Weeks) (13 Weeks) 

160 

- 150 

NoNO3 TREATED 

- 40 

m 

-I 0 2 4 6 8 10 12 14 I6 I8 20 22 24  26 2 8  30 
W E E K S  

FIG. 1. A. Mean systolic blood pressures of 8 control (cross hatched rectangle) and 8 
NaN0,-treated (open rectangle) rats during control and treatment periods. Duration of treat- 
ment and concentration of XaNO, given as sole drinking fluid are shown a t  bottom of figure. 
Standard error 21 is set off a t  each nieaii. B. hlczn body weight of the same rats as in 
part  A is shown for control and treatment periods. 

FIG.  2. A. Mean systolic pressure of 8 control ( 0 )  and 8 NaN0,-treated ( X )  rats through- 
out  the experiment. Three different concentrations of NaNO, solution were given as the sole 
drinking fluid beginning a t  times indicated by arrows on graph. Controls received tap water 
t o  drink. B. Mean body weights of control and NaN03-treated rats during experiment. 

in an initial loss of body weight accompanied 
by a gradual increase nearly to the weight of 
control rats by the end of the experiment. 
This occurred in spite of an increase in the 
NaNOy concentration beginning week 2 1 of 
the experiment (Fig. 1B).  

Rats given NaN03 solution to drink had 
lower serum concentrations of sodium and 
chloride than controls (Table I ) .  However, 
the differences between means of control and 
treated rats are not significant (P>.O5). 
Blood pH and serum potassium concentra- 
tion tend to be higher in the NaN03-treated 
rats than in controls. Thus, the treated rats 

tended to be alkalotic by comparison with 
controls. 

Organ to body weight ratios for control 
and treated rats are given in Table 11, Exp. 
1. No significant differences were observed 
between organ weight ratios of any of the or- 
gans of control and treated rats. 

Three treated rats died during the experi- 
ment. One rat died during each of weeks 15, 
19 and 22.  Causes of death were undeter- 
mined. 

Results of the second experiment indicate 
that administration of NaN03  in the drink- 
ing fluid is accompanied by an elevation of 

TABLE I. Comparison of Serum Electrolyte Concentrations of Treated with Control Rats in 
Experiment 1. 

r--Seruiii concentration (mcq/l) of :--, 
Group No. of rats Rodiuiii Potassium C1 I lo ri (1 c Blood p H  

Coiitrol 8 137.0 5 1.1* 6.51 +- ,35 93.0 +- 1.5 7.4G .02 
NaN0,- trcstcd 5 132.2 2 3.8 9.37 -f. 1.0Gt 88.9 f 1.7 7.52 2 .02 

* - + 1 standard error of mean. t Significantly different from control (P <.05). 
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blood pressure to a level significantly above 
that of controls (Fig. 2A). The rise in pres- 
sure is detectable within one week after re- 
ceiving 0.1 75 M NaN03 to drink and signifi- 
cantly different (P< .05) from control levels 
by the second week of administration. Blood 
pressure of control rats rose with time from 
initial levels of approximately 11 9 mm Hg at 
the beginning of experiment to 140 mm Hg 
at the end of the 28th week of experiment. 
This gradual rise in blood pressure of control 
rats with time is attributed to ageing of the 
rats and has been observed previously( 12). 
Administration of NaNOs solution as the sole 
drinking fluid enhanced blood pressure rise 
of the experimental group. 

Body weight was affected by treatment 
with NaN03 in that treated rats gained 
slightly less weight (12 g)  than controls dur- 
ing the experiment (Fig. 2B). 

Three treated rats died suddenly during 
the 14th week of the experiment and within 
one day of each other. Cause of death in 
each case was not determined. 

Mean organ to body weight ratios of the 
organs removed at  autopsy from rats of each 
group are shown in Table 11, Exp. 2. The 
only significant difference observable between 
the two groups is the larger thyroid weight 
of the treated group. 

Statistical comparison of the data was 
made by means of the “t” test for the 95% 
confidence limit ( 13 ) . 

Discussion. Excessive ingestion of sodium 
nitrate by rats is accompanied by an eleva- 
tion of systolic blood pressure. This response 
is dependent on the concentration of sodium 
nitrate used. The threshold concentration for 
elevation of blood pressure lies between 0.15 
and 0.175 M. Rise in systolic blood pressure 
of rats treated with the former concentration 
is not significant even after 20 weeks of treat- 
ment (Fig. 1A). In contrast, a rise of systolic 
blood pressure is detectable within a week 
after administration of 0.175 M sodium ni- 
trate solution (Fig. 2A). Apparently both 
concentration and duration of treatment are 
important factors in elevating blood pressure. 

Elevation of blood pressure is not accom- 
panied by cardiac hypertrophy. This is not 
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surprising since systolic blood pressure rose 
to maximal levels of only 150 to 160 mm Hg 
with treatment. A previous study, concerned 
with the relationship between systolic blood 
pressure and organ weights in a large num- 
ber of rats, revealed that the first significant 
increase in heart weight to body weight ratio 
occurs a t  systolic blood pressures ranging 
from 160 to 169 mm Hg(14).  

The experiments reported here offer no di- 
rect explanation for the elevation of blood 
pressure by hypertonic NaNO:{ solutions al- 
though some clues are provided. Mean serum 
chloride concentration is lower on the aver- 
age than control values while blood pH is 
higher (Table I ) .  Apparently the NaN03- 
treated rats are alkalotic by comparison with 
controls. Similar results have been reported 
by Hiatt ( 15) for dogs given NaNO:<. Whether 
the alkalosis contributed to the elevation of 
blood pressure of the treated rats requires 
further study . 

A further clue concerns the enlarged thy- 
roid glands observed in NaN03-treated rats 
(Table 11). Bloomfield et aZ( 16) studied thy- 
roid function of KN03-treated rats fed this 
salt in the diet for 5 .5  weeks. They report an 
initial decrease in uptake of radioactive io- 
dide followed after 2 weeks by return to nor- 
mal values. By the end of 5 . 5  weeks, the 
KNOx-treated rats had a greater protein 
bound iodide concentration than controls. 
The authors did not study metabolic rate, al- 
though the elevated protein bound iodide con- 
centration of serum infers that metabolic rate 
was elevated. If this was the case, it may be 
postulated that the elevation of blood pres- 
sure of the NaN03-treated rats is associated 
with increased thyroidal activity( 1 7 ) .  

Administration of either hypertonic NaN03 
or NaCl solution as the sole drinking fluid 
results in a significant elevation of blood 
pressure( 3 3 ) .  These studies, considered to- 
gether, suggest that the cation is more impor- 
tant than the anion in elevation of blood 
pressure. However, these results must be in- 
terpreted cautiously since it has been shown 
that an elevation of blood pressure also oc- 
curs in rats given .15 to .30 M potassium ni- 
trate as their sole drinking fluid( 18). Hence 
these results, considered with those reported 

here, could be interpreted as indicating that 
the anion is more important than the cation 
in elevation of blood pressure. Others have 
also shown that either potassium or lithium 
chloride may be substituted for NaCl as a 
sensitizing agent in development of desoxy- 
corticosterone acetate (DCA) -induced ( 19, 
20) hypertension in rats. In contrast, “acidi- 
fying” salts (ammonium sulfate, ammonium 
chloride, ammonium nitrate and calcium 
chloride) actually protect rats against renal 
and cardiovascular lesions normally occur- 
ring with DCA overdosage(9). To compli- 
cate further the problem of anion and cation 
specificity for elevation of blood pressure of 
rats it has been shown recently that dietary 
administration of very small amounts of cad- 
mium( 2 1 ) or intraperitoneal injection of 
lithium chloride (4 mg/day) ( 2 2 )  induce hy- 
pertension in otherwise untreated rats. No 
theory completely unifies the mechanisms of 
action of the different ions in elevation of 
blood pressure although the possibilities ex- 
ist that hypertonicity per se, as well as the 
nephrotoxic action of a t  least some of the 
cations, represent common denominators 
among them( 19,2 1) .  The possibility that 
changes in acid-base balance induced by 
these salts contribute to elevation of blood 
pressure must also be taken into account. 

In contrast, it seems clearer that drastic 
dietary restriction of sodium ion lowers blood 
pressure of both experimental animals and 
humans with established hypertension( 23). 
In addition, treatment with either natriuretic 
agents or cationic exchange resins is known 
to lower blood pressure of hypertensive pa- 
tients (24). Hence, depletion of chloride ion 
seems less important than depletion of sodi- 
um ion for reduction of blood pressure. 

Further study is needed to elucidate com- 
mon factors and suggest roles for the actions 
of salts both in elevation and reduction of 
blood pressure of rats. 

Summary. Administration of NaNOs solu- 
tion to rats as their sole drinking fluid is 
accompanied by a significant elevation of 
systolic blood pressure. The threshold con- 
centration for elevation of blood pressure lies 
between 0.15 and 0.175 M. Both concentra- 
tion of NaN03 solution and duration of treat- 
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ment appear to be important factors in ele- 
vating blood pressure. Administration of 
NaN03 is also accompanied by an increase 
in thyroid to body weight ratio. 
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Phytic Acid Studies.” (28922) 

V. T. MADDAIAH,~ A. A. KURNICKS AND B. L. REID 
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Phytic acid has interested analytical chem- 
ists, biochemists, and nutritionists for several 
years. Brown et al(  1) recently supported 
Neuberg’s proposed structure and concluded 
that of the 18 acid hydrogens in the Neuberg 
model, only 1 2  were available for titration in 
aqueous solution. 

Chicks fed purified diets containing sesame 
meal ( 2 ,3) or isolated soybean protein (4) as 
the sole source of protein developed zinc de- 
ficiency symptoms, although the diet con- 
tained more than the optimum level of zinc. 

*Arizona Agric. Exp. Station Journal Article 831. 
t Dept. of Biology, University of California, La. 

$ The Ray Ewing Co., Div. of Hoffmann-LaRoche, 
J olla . 

Pasadena, Cal. 

Autoclaving the protein source or addition of 
EDTA (ethylenediamine tetraacetic acid) to 
the diet prevented the deficiency symptoms. 
O’Dell and Savage ( 5)  observed that phytic 
acid formed complexes with isolated soybean 
protein and casein. When this complex was 
fed in the diet of chicks as a source of pro- 
tein, zinc was found to be far less available 
for growth. 

The work reported here was undertaken to 
estimate qualitatively the complex formation 
between metal ions and phytic acid using the 
“pH drop method”(6,7). The effect of feed- 
ing phytic acid on utilization of dietary zinc 
by chicks has been studied. 

Methods. Phytic acid,§ 4.48 X M, 

$ Nutritional Biochemicals Corp., Cleveland, Ohio. 


