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mine and ;1 .synergistic effect on toxicity of 
serotonin in the mouse. ( 2 )  Heparin inter- 
feres with this compound 48,/80 effect on le- 
thal intoxication with histamine or serotonin 
by direct interaction with compound 48/80 
but does not appear to alter individual toxi- 
cities of respective amines. (3 )  I t  is sug- 
gested that degranulation of mast cells in re- 
sponse to compound 48 80 is a protective 
function of connective tissue in which the re- 
leaser drug is sequestered by heparin of the 
mast cell. The associated release of amines is 
thought to be a manifestation of this interac- 
tion between mast cells and compound 48/80 
and only indirectly related ( i f  a t  all) to lethal 
effects of this drug. 
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Rapid Sensitive Method for Determining H:!-Water in Body Fluids by 
Liquid Scintillation Spectrometry.* (25125) 

HAROLD ~YERBIK,  I. L. C‘HAIKOFF AND ‘RIILES R. IMADA 
Uvpt . of Physiology, I ‘iiizlcrsit>1 of California, Berke ley  

The assay of tritium water by liquid scin- 
tillation spectrometry is difficult for 2 main 
reasons: a )  water is not efficient in trans- 
ferring the excitation energy of tritium radia- 
tion to the phosphor; and b )  water is insol- 
uble in the known aromatic solvents (toluene 
and xylene) which are most effective in mak- 
ing this transfer. In  the methods of Kinard 
( 1) Hayes and Gould( 2 ) .  and Okita et al. 
(3),  alcohol is used to solubilize water with 
xylene or toluene. This results in  considerable 
dilution of the H3 in the water sample, thus 

* -4ided by grant from U.S.P.H.S. 

limiting these methods to samples of tritium 
water with high radioactivity. Furst et al. 
(4 )  were the first to report that naphthalene 
can restore, to a large extent, the counting ef- 
ficiency lost by addition of water to dioxane 
solutions containing tritium. This observa- 
tion formed the basis of the more efficient 
assay developed by Langham et a L ( 5 ) .  A 
method for increasing still further the effi- 
ciency of counting tritium water in biological 
fluids is described here. Some of the condi- 
tions that influence the efficiency of the assay 
of tritiated water by the dioxane-naphthalene 
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system have been studied. It is shown that 
the sensitivity of Hs-water measurements in 
biological fluids can be greatly augmented by 
a preliminary distillation of the water in these 
fluids with benzene. The method evolved is 
simple in operation, and does away with the 
need for internal standards( 6) .  It is capable 
of detecting about 5.7 x pc of Ht3--water 
in almost all tissues. 

Experinzental. A Packard Tri-Carb Model 
3 14 spectrometer was used for H3 determina- 
tions; counting was carried out with a dis- 
criminator window setting of 10-90, a voltage 
of 1340 volts, and a deep-freeze setting of 
+ 3°C. Water was removed from reagent 
grade benzene by distilling i t  until the distil- 
late became clear. The benzene remaining in 
the distilling flask was dry enough for the 
present experiments. The dioxane and naph- 
thalene were Eastman Kodak products (cata- 
logue Nos. 2 114 and 168, respectively), and 
they were used without further purification. 
2,s-diphenyloxazole (PPO) , 1,4,-bis-2 ( 5-phe- 
nyloxazolyl) -benzene (POPOP) > and a-naph- 
thylphenyloxazole (NPO) were purchased 
from Arapahoe Chemical Inc.: and were of 
scintillation grade, The H3-water was ob- 
tained from the National Bureau of Stand- 
ards. 

Results.  Conditions afect ing H3-counting 
eff iciency of dioxane solution containing vari- 
ous amounts of H3-water. Optimam condi- 
tions for liquid scintillation counting of 1-, 
2-, and 3-ml samples of water, each contain- 
ing the same amount of H3 and each made up 
to a total volume of 15 ml with dioxane (6.6, 
13.6, and 20% of H3-water in dioxane, respec- 
tively), were determined by studying the ef- 
fects of varying concentrations of naphtha- 
lene, PPO, POPOP, and NPO on the counting 
rates. The results are given in Table I. 
Exp. 1-3 show that, for 20% solutions, the 
maximal permissible concentration of naph- 
thalene is about 116 g/liter. At higher con- 
centrations the solutions separate into 2 lay- 
ers. Since little difference was observed in 
counting rates of Exp. 1 and 2 ,  the conditions 
of the former were chosen for further study. 
Increasing the concentration o’f PPO de- 
creased the counting rate (Exp. 4 ) .  Exp. 5-8 
indicate that NPO is inferior to POPOP as 

a secondary phosphor or spectrum shifter (6) .  
The use of higher concentration of POPOP 
(0.2 5 g/liter) seems warranted because of 
higher counting rate in Exp. 8 than in Exp. 6. 
The most efficient system for counting 20% 
€I”-water in dioxane is provided by conditions 
shown in Exp. 8. Exp. 9 and 10 indicate 
that smaller volumes ( l o  ml and 5 ml, respec- 
tively) of H3-water can be assayed without 
loss of counting efficiency, a finding in agree- 
ment with results of Davidson and Feigelson 
( 7 ) .  However, the conditions of these 2 ex- 
periments are not recommended for counting 
volumes smaller than 3 ml because, as shown 
in Exp. 11-19, more efficient conditions were 
found. For example, in Exp. 13 and 19; count- 
ing efficiencies of 11 and 15% were found for 
solutions containing 13.3 and 6.67’0 of H”- 
water, respectively. The  conditions used in 
tlhese 2 experiments are therefore recom- 
mended when less than 3 ml of water is avail- 
able for counting. By reducing the amount of 
each constituent shown in Exp. 19 by one- 
third, as little as 333 pl of H3-water can be 
counted with an efficiency of 15%. The data 
of Table I were obtained by using pure H3- 
water-dioxane solutions. Similar results were 
to be expected with water of body fluids pro- 
vided the water could be isolated in suf- 
ficiently pure form. In  their studies on the 
H3-water turnover in rats, Thompson and Bal- 
lou(8) used a Dean-Stark trap for collecting 
water during distillation of a tissue with ben- 
zene. We also found that almost pure H3- 
water can be obtained from plasma, blood, and 
urine by distilling them with dry benzene. 

Method for determination of H 3  content of 
1-3 m l  samples of water distilled froin body 
! k i d s .  Three-in1 sample. Fifty ml of dry 
benzene and the tritiated sample to be ana- 
lyzed (blood, plasma or urine) were added to 
a lOO-ml, round-bottom flask. A Dean-Stark 
trap, provided with a calibrated collecting 
tube, a stopcock, and a condenser fitted with 
a drying tube, was attached to the flask. The 
given mixture was refluxed until a,bout 3.5 ml 
of water had collected in the trap; the water 
was drained through the stopcock into a stop- 
pered test tube, and kept at room temperature 
for a t  least 1 hour (preferably 2 )  to permit 
minute amounts of benzene in the distillate to 
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TABLE I. Electrolyte and Water Content of Mes- 
enterie Arteries. 

N a  K N a + K  C1 H,O 

Hypertensive rats 
Mesenteric 54.8 

arteries 12.5 
Serum 142.0 

2.7 
Control rats 

Mesenteric 44.7 
arteries 8.4 

Serum 142.5 
1.1 

25.1 80.1 23.5 250.5 
5.2 18.0 5.2 54.1 
3.9 97.2 

.7 2.1 

21.8 66.0 18.8 200.8 
4.3 16.2 6.1 48.3 
5.0 100.7 

.B 2.5 
~ ~- 

Values are in meq/100 g of dry fat-free solicls 
arid per liter of serum. H,O in g. Figures below 
each value w e  stand. dev. 

then across superior mesenteric artery. The 
vessels showed no gross abnormality. The ar- 
teries were analyzed for sodium, potassium, 
chloride, and total water. The tissues were 
dried a t  105"C, ground, and defatted with 
mixture of ethyl ether and petroleum ether. 
The fat-free dry solids were then extracted 
with 10 cc of normal nitric acid. All proce- 
dures were carried out in the original tubes. 
Sodium and potassium were determined by 
standard flame photometry. Chloride was de- 
termined by Volhard's titration method ( 5 ) .  
Data on mesenteric arteries were obtained in 
20 hypertensive rats and in 20 control rats. 

Results. The animals with renal ligation 
were in good condition when sacrificed. They 
were all hypertensive with systolic blood pres- 
sures generally in 170-190 mm Hg range. Con- 
trol rats were normotensive. 

Values for sodium, potassium, sodium plus 
potassium, chloride, and water in the mesen- 
teric arteries are shown in Table I along with 
levels of serum electrolytes. Combined cation 
values were derived from the mean of sums of 
sodium and potassium concentration for each 
rat. 

In comparison with normal rats, the mesen- 
teric arteries of hypertensive animals showed 
elevation of sodium, potassium, chloride, and 
total water. The increase was statistically 
valid in each instance. Sodium plus potas- 
sium content, expressed as meq/100 g of dry 
fat-free solids was also increased to statisti- 
cally significant degree. However, the com- 
bined cations showed no significant change 

over the normal in terms of concentration in 
tissue water. 

Extracellular sodium was calculated by 
using chloride space as a measure of extracel- 
lular fluid according to the method of Hastings 
and Eichelberger (6) .  Values obtained in this 
way indicated that extracellular sodium ac- 
counted for only part of the total rise of this 
cation, and hence that the intracellular phase 
contained more sodium. However, it  is doubt- 
ful that chloride space is an adequate rneas- 
ure of extracellular volume in the mesenteric 
vessels. Further comment on this point is 
given below. 

Serum sodium, potassium, and chloride in 
hypertensive rats showed reduction from nor- 
mal levels. This was statistically valid in 
each instance. 

Discussion. Our technic for obtaining mes- 
enteric arteries eliminated perivascular fat 
almost completely, but did not remove adven- 
titia of blood vessels. Hence, while the bulk 
of material taken for electrolyte analysis was 
probably smooth muscle, there was also a sub- 
stantial amount of connective tissue. In  ref- 
erence to man, the vessels in the rat corre- 
spond to large arteries but they also include 
smaller arteries, i.e. terminal branches of su- 
perior mesenteric tree extending to bowel wall, 
and these would be comparahle to vessels 
about 1 mm diameter in the human. Also 
there are numerous arterioles in the adventitia 
of larger mesenteric vessels. 

Previous information on electrolyte com- 
position of vessels in hypertensive rats has 
apparently been limited to the aorta(7). 
However, this structure is not concerned in 
the origin of hypertension nor does it partici- 
pate in characteristic lesions observed so fre- 
quently i,n the more distal vascular bed of 
hypertensive rats. In contrast, mesenteric ar- 
teries of the rat are a relatively early and 
prime site of such disease. Hence electrolyte 
alterations here are apt to reflect similar 
changes of small arteries and arterioles 
throughout the body. 

Our data show that there was accumulation 
of sodium in the mesenteric arteries of rats 
with acute renal hypertension. This was ac- 
companied by rise in potassium and chloride 
and also by exliansion of water. The last 
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was sufficient in magnitude so that total ca- 
tion concentration in tissue water of the hy- 
pertensive rats did not differ significantly from 
that in control animals. 

It was not feasible to partition sodium and 
potassium into extracellular and intracellular 
fractions through use of chloride space. 
Sometimes the extracellular fluid volume cal- 
culated on this basis in both experimental and 
control animals left only a very small fraction 
of tissue water to be assigned to cell water or 
even resulted in negative cell water concen- 
tration. There is some doubt in general as to 
whether chloride space can properly be ap- 
plied to smooth muscle and to structures rich 
in connective tissue (8) .  Since the extracellu- 
lar fluid space of blood vessels analyzed in 
this study was in question, increase in intra- 
cellular sodium and potassium in arteries 
could not be established even though this is 
quite probable. 

An interesting item is the relatively high 
standard deviation for mean content of sodium 
and tissue water in the mesenteric arteries. 
This holds for both normal and hypertensive 
animals, especially the latter, where the devia- 
tion increases along with rise of mean values 
for sodium and water. I t  does not apply to 
potassium or chloride levels. The variability 
of sodium and tissue water in mesenteric ar- 
teries suggests that they constitute a labiIe 
system in this location. 

The information on electrolyte coinposi tion 
of tissues in hypertensive aninials is relatively 
scant. Moreover there are differences of 
opinion in regard to both the nature and sig- 
nificance of the data. In Grollnian’s S t ~ d y ( 9 )  
no significant change from the normal was ob- 
served in electrolyte composition of various 
organs, including heart of rats rendered hy- 
pertensive through choline deficient diet. 
Using inulin to measure extracellular volume, 
Ledingham( 10) found no significant change 
in intracellular concentration of either sodium 
or potassium in hearts of rats with acute renal 
hypertension and believed that the increase 
in total sodium content was explained by ex- 
pansion of extracellular fluid. Tobian and Hi- 
nion( 7 )  reported an increase in sodium and 
potassium content of the aorta in hypertensive 

rats and, through use of chloride space, calcu- 
lated that not more than one-third of the in- 
crease in sodium concentration resulted from 
elevation in extracellular sodium. Greene and 
Sapirstein( 11) found a substantial rise in total 
body sodium of rats with renal hypertension 
and believed that this could not be explained 
by expansion of extracellular volume. They 
postulated either deposition of sodium in 
bone or an increased amount of sodium in in- 
tracellular position. 

It appears that changes in electrolytes and 
water which we observed in mesenteric vessels 
were a direct consequence of the kidney dam- 
age employed to induce hypertension. How- 
ever, the precise mode of origin is not certain. 
,Although the renal injury was severe, it  did 
not result in significant azotemia. Renal dys- 
function, resulting in retention of salt and 
water, is one possible mode of origin. Others 
include injurious agents of toxic or pressor 
nature derived from the injured kidneys and 
acting on the vessel walls. Our study did not 
encompass these items. Perhaps the electro- 
lyte changes within the arteries were merely 
incidental to altered renal function and not 
causally related to the high blood pressure. 
An alternative is that they played a role in 
the origin of hypertension by creating an ionic 
disequilibrium which enhanced vasomotor 
tone. 

1) Mesenteric arteries of rats 
with acute renal hypertension were analyzed 
for electrolyte and water content. A technic 
is described for obtaining these vessels. 2 )  
Arteries sholwed a significant rise in sodium, 
potassium, and chloride, as well as expansion 
of total water. However, total cation concen- 
tration in tissue water was not significantly al- 
tered. 3 )  Electrolyte changes may have re- 
sulted from renal dyqfunction associated with 
retention of salt and water. Whether they 
were incidental t o  the hypertensive state or 
played a role in its genesis is not established. 
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Intracellular Distribution of Vit. B12-C~'io in Liver and Kidney of 
B12 Deficient and Normal Rats.*t (25127) 

D. R. STRENGTH, W. F. ALEXANDER AND J. P. WACK 
Depts .  of Riocheiizistry, A n a t o m y  aizd Pathology, St ,  Louis University School of Medicine, 

St. Lofiis, Mo.  

Results of microbiological assays of frac- 
tions of mouse liver(1) indicated that Vit. 
B 12 is concentrated in mitochondria. Kidneys 
of rats( 2 )  contained most radioactivity 96 
hours after parenteral administration of B12- 
Co". At 48 hours(3) most radioactivity was 
present in supernatant fraction of kidneys in 
bound form, and measurements a t  various 
time intervals after administration of Bl2-CoG0 
(4) showed that kidneys progressively lose 
radioactivity. Intracellular distribution of ra- 
dioactivity of administered B 12-Co'io in livers 
of rats(3,5,6) and of cobaltGo in organs and 
intracellular organelles of mice ( 7 )  was studied. 
The relationships of amounts of Vit. B12 in 
fractions of kidneys and livers of normal and 
deficient animals a t  different time intervals 
after administration of vitamin has not been 
studied. We studied the intracellular distribu- 
tion of BI2-CCLGo and coba1t6O in kidneys and 
livers of normal and B12 deficient rats a t  inter- 
vals after the last injection of radioactive com- 
pounds. 

Methods. Rats of the St. Louis University 
colony were fed soybean meal diet of Hogan 
et d ( 8 )  for production of deficiency of B I 2  
and soybean meal diet with 90 pg Vit. B12/kg 
of diet or Purina lab chow for control animals. 
Rats fed these diets for 8 to 10 weeks received 
1 or 5 injections ( 1  pc each injection a t  24 
hour intervals) of CoGoC12 or high specific ac- 

*Aided by grant from Nat. Vitamin Fn. 
t The authcrs wish to thank Agnes Kirkpatrick 

for valuable technical assistance in conducting nitro- 
gen determinations. 

tivity B12-CoGo.: A t  intervals after last injec- 
tion, animals were sacrificed and samples of 
liver and kidney excised, weighed, homoge- 
nized in cold 0.88 M sucrose, and cellular com- 
ponents separated by differential centrifuga- 
tion (9).  Microsomal fractions were prepared 
by centrifuging 1 hour at 100,000 x g in a 
Spinco Model L centrifuge. Each sedimented 
fraction was washed twice with sucrose and 
the sediment suspended in 5 ml of sucrose for 
each gram-equivalent of original tissue used. 
There was good agreement between cts/minl 
of minced tissue, homogenates and the sum of 
cts/min of the fractions. Radioactivity recov- 
ered in fractions was 8876 to 102% of that in 
homogenates. Nitrogen was determined by 
micro-Kjeldahl procedure. 

Results. Table I shows distribution of ni- 
trogen in fractions of liver and kidney of nor- 
mal and deficient animals. Normal group 
contains data on animals fed laboratory chow 
(Table 11) and soybean meal diet supple- 
mented with 90 pg of BI2 (Table 111). Sepa- 
rate treatment of data on nitrogen distribution 
showed no difference between groups so the 
data were combined. Nuclear and mitochon- 
drial fractions of liver and kidney of deficient 
animals contain more nitrogen than these frac- 
tions of normal animals. Conversely, micro- 
soma1 fraction of tissue of normal animals 

$ High specific activity BI2-CoBO (1 12 1 pc/mg) 
was furnished through courtesy of Dr. Nathaniel S. 
Ritter, Merck Sharp & Dohme, Rahway, N. J. 

0 Radioactivity was counted with a Tracerlab 
SC-57 low background well scintillation counter and 
an SC-S8A scaler. cts/min counts/min. 


