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makes its analysis difficult ; appropriately pre- 
pared extracts of freeze-dried material, how- 
ever, can be examined accurately by paper 
chromatography as here illustrated. The li- 
pid pattern disclosed indicates that the CSF 
cannot be a simple plasma transudate; the 
disproportionately high content of ethanola- 
mine phosphatide might imply contributions 
by the choroid plexuses or ependymal cells. 
The origin of the cardiolipin-like plasmalo- 
gen is similarly unknown and especially puz- 
zling because cardiolipin is generally believed 
to be exclusively a mitochondria1 lipid. 

Summary. Freeze-dried chloroform-metha- 
no1 extracted samples of human cerebrospinal 
fluid (CSF) were examined for various lipids 
by means of paper chromatography. Phos- 
phatidyl ethanolamine and ethanolamine plas- 
malogen were characteristically high as com- 

pared with blood plasma. Sphingomyelin, 
phosphatidyl choline and a small amount of 
choline plasmalogen were also present. The 
neutral lipids were composed of triglycerides, 
cholesterol and cholesterol ester. A plasmalo- 
gen resembling cardiolipin was present in low 
concentration. The cerebrosides were not 
detected. 
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Previous studies have suggested that ex- 
tracellular sodium decreases during acute 
rises in blood pressure and increases as pres- 
sure falls acutely ( 1-4). Inverse movements 
of potassium of lesser amounts usually ac- 
company these sodium movements. It was 
concluded that sodium transfer systems are 
the primary determinants of smooth muscle 
tone (3,4). However, experimental data have 
been neither consistent nor conclusive. In ad- 
dition, drugs, such as epinephrine and epine- 
phrine-like substances, which were used in 
some studies, have extravascular metabolic ef- 
fects as well as effects on vasomotor tone (5,6). 

The present study reviews the acute effects 
of drugs, which primarily affect vasomotor 
tone, on the distribution of electrolytes in 
man. Patients with “essential” hypertension 

* This investigation was supported in part by 
grants from Nat. Heart Inst., Public Health Service, 
and from John Polachek Foundation for Medical 
Research. 

and normotensive subjects were studied to 
determine whether the effects of vasoactive 
drugs upon electrolyte distributions are in- 
fluenced by initial blood pressure levels. 

The subjects of 
this study were divided into 4 groups (Tables 
I-IV) . Groups A and C include 10 and 7 
patients, respectively, with chronic arterial 
(essential) hypertension (blood pressures, 
140/90 mm Hg or higher), and Groups B and 
D include 7 and 4 subjects, respectively, with 
normal blood pressures. Antihypertensive 
therapy was avoided for 2 weeks prior to 
these studies. The patients with normal 
blood pressures were convalescent hospital 
subjects believed to have normal hearts, lungs, 
and kidneys. 

The patients were in the postabsorptive 
state and were not given premedication. A 
cardiac catheter was passed into the right 
atrium from a peripheral vein. Control data 
were obtained during an initial period of 60 

Materials and methods. 
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minutes. Peripheral (brachial) artery pres- 
sures were measured by a single observer by 
the auscultatory method. Three systemic 
(brachial) arterial blood samples were col- 
lected at  intervals for determinations of se- 
rum sodium, potassium, and chloride concen- 
trations. Blood was allowed to pour gently 
from an indwelling arterial needle into dry, 
chemically clean test tubes. The tubes were 
tightly stoppered, and the bloods allowed to 
clot for 1 hour. The serums were then sepa- 
rated by centrifugation. Serum sodium and 
potassium concentrations were measured in 
duplicate with a lithium internal-standard 
flame photometer.+ Serum chloride concen- 
tration was measured in duplicate by the 
method of Schales and Schales(7). Dupli- 
cate measurements of serum sodium, potas- 
sium, and chloride were required to agree 
within 2.0, 0.2, and 2.0 meq/l, respectively. 
In  any given subject, serum sodium and 
chloride concentrations in the 3 control sam- 
ples did not vary by more than 2.0 to 3.0 
meq/l, and potassium concentrations did not 
vary by more than 0.2 to 0.3 meq/l. 

After the control data were obtained, one 
of 2 drugs was injected over a period of 30 
seconds into the right atrium through the 
catheter. The subject was not aware of drug 
injections. In Groups A and B, trimetha- 
phanl was injected. Trimethaphan is pri- 
marily a ganglion blocking agent, whose on- 
set and duration of activity are approximately 
1-3 minutes and 10-20 minutes, respectively 
(8,9). The drug was dissolved in 5% dex- 
trose in water in a concentration of 1.0 mg/ 
ml. The injected dose was 0.10 mg/kg body 
weight. In  Groups C and D, phenylephrine 
was injected in a dosage of 0.5 mg. Phenyle- 
phrine has primarily peripheral vasoconstric- 
tor properties, whose onset and duration of 
actions after intravenous administration are 
similar to those of trimethaphan. 

After these drugs were injected, blood pres- 
sures (auscultatory) were measured every 30 
seconds during the initial 5 minutes, and, 
then, at  intervals until they returned to con- 

t Baird-Atomic, Inc., Cambridge, Mass. 
$ The authors wish to thank Hoffmann-LaRoche, 

Inc., Nutley, N. J., for the trimcthaphan (Arfon- 
ad’) used in this study. 

TABLE I. Arterial Pressures aiid Serum Electro- 
lytes before and af te r  Trimethaplian Administra- 

tion. Hypertensive patients (Group A).  

Pressure (mm Hg) 
S y s t einic Serum 

Pa tieii t artery electrolyt cs 

Sex (yr) (inin) tolic tolic Na K C1 

(meq/l) 
Age T h e  Sys- Dias- 

1. 

> -. 

3.  

4. 

J. 

(i . 

( .  

S. 

9. 

10. 

8 

9 

0 

6 

6 

0 

Q 

E 

6 

d 

Coil t rol 
1 
3 
9 

Co11trol 
1 

4 

ClOll  t 1.01 

3 
4 

coil trol 
2 
6 

Co11trol 
1 
2 

COll t rol 
1 
3 

Cunt rol 
2 

10 

c 0 11 t 1’0 1 
1 

3 

C1311t1w1 
1 

3 

(hi l t  rol 
1 

3 

> 
3 

I 

> 

1 - 

> - 

C) - 

200 150 
157 120 
162 87 
187 146 
140 95 
114 68 
100 58 
104 80 
200 150 
180 130 
183 132 
195 150 
158 125 
134 106 
130 ” 

180 118 
180 100 
728 92 
180 112 
129 85 
127 90 
130 95 
195 107 
115 75 
125 95 
175 100 
193 138 
132 82 
100 i t i  

92 7 2  

I90 123 
1 i O  110 
130 90 
118 88 

140 95 
110 80 

I ?  ,, 

137 4.3 108 
” 4.1 107 
)’ 4.2 ?’ 

” ” 109 

137 3.7 102 
1:39 3.8 104 
137  3.5 103 
139 3.6 705 

137 3.2 102 
” ” 100 
” ” 102 

139 ” 100 
135 4.8 100 
133 9 ’  

135 )’ 99 
142 4.3 103 
141 ” 102 
143 ” 10B 
138 4.0 102 
” ” 101 
” ” 103 

136 3.9 ” 

133 3.8 97 
1 3 1 ”  ” 

135 3.9 98 
134 4.0 97 
I40 1.6 101 
1i-18 4 3  ” 

” ” ] 0‘‘ 
139 ” 100 
143 3.7 103 
142 ” 102 
140 3.6 ” 

” 3.7 104 

134 4.2 98 
” 4.1 99 
)’ 4.3 * )  

Avg control values are listed for each subject. 
Following these data, values arc listed according to 
tlie times (coluniii ‘ ‘ T h e  ’ ’) af te r  drixg adminis- 
tration. 

trol values. Systemic (brachial) arterial blood 
samples were collected at  the times when max- 
imal changes in blood pressure occurred. In  
some patients, samples were collected before 
the maximal pressure responses, and, in some, 
after these times, when pressures were return- 
ing toward control levels. I t  was, thus, 
planned that samples would be obtained at  
representative phases of the blood pressure 
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changes. These samples were analyzed for 
sodium, potassium, and chloride concentra- 
tions by the methods described above. 
Changes in serum electrolytes were consid- 
ered to be significant only if these changes 
exceeded the differences which existed be- 
tween control samples (v ide supra). 

Results. Tables I to IV  list the values for 
blood pressures and serum electrolytes. Since 
there was a minimal variation in these para- 
meters during control periods, average values 
are tabulated for these periods. Following 
these data, serum electrolytes are listed ac- 
cording to the times following drug injections 
when arterial blood samples were collected. 
Blood pressures a t  these times are listed in 
corresponding lines. 

There were no consistent or significant 
changes in serum potassium, sodium, and 
chloride concentrations during the vasode- 
pressor or pressor reactions following admin- 
istration of trimethaphan or phenylephrine, 
respectively, in these subjects. 
TABLE 11. Arterial Pressures and Serum Electro- 
lytes before and after Trimethaphan Administra- 

tion. Normal subjects (Group B). 

Pressure (nim Hg) 
Systemic Serum 

Patient artery electrolytes 

Sex (yr) (min) tolic tolic Na K C1 

(meq/l) 
Age Time Sys- Dias- 

1. 8 22 Control 125 
1 114 
2 ” 

2. 8 24 Control 110 
2 105 

3. 9 30 Control 124 
2 94 
3 106 
4 -  

4. 8 46 Control 130 
2 112 
4 120 
5 116 

5. 8 47 Control 125 
1 85 

6. 9 50 Control 128 
1 110 
2 73 

7. ,3 22 Control 124 
2 110 
7 99 
8 106 

See footnote, Table I. 

84 
75 

70 
56 
87 
66 
76 

80 

82 
80 
85 
60 
80 
65 
55 
76 
70 
64 
69 

9 9  

- 
9 9  

- 

133 4.2 97 
132 ” 95 
133 ” 98 

138 3.5 101 
” ” 102 

134 4.3 100 
132 ” ” 

131 4.2 103 
135 4.3 ” 

135 4.8 94 
132 4.4 93 
135 4.5 95 

143 4.7 102 
139 4.4 97 
137 4.6 95 
136 ” 91 
” ” 96 

137 4.1 104 
136 4.0 ” 

” ” 103 
” 4.2 104 

9 9  f f  9 9  

TABLE 111. Arterial Pressures and Serum Elec- 
trolytes before and after Phenylephrine Adminis- 

tration. Hypertensive patients (Group C) . 
Pressure (mm Hg)  

Systemic Serum 
Patient artery electrolytes 

(meq/l) 
Age Time Sys- Dias- 

Sex (yr) (min) tolic tolic Na K C1 

1. 

2. 

3. 

4 .  

5.  

6. 

7. 

8 2 1  Control 150 104 139 3.8 99 
1 180 124 138 3.7 100 
2 188 134 ” 4.0 101 
7 156 113 137 3.5 102 

8 29 Control 143 94 135 4.1 105 
1 162 125 ” 4.3 106 
3 ” 100 ” 4.1 105 
8 145 95 136 4.3 103 

8 35 Control 178 122 132 3.6 1 0 1  
2 240 130 131 3.7 100 
5 222 123 132 3.4 ” 

9 183 120 131 ” 101 
9 45 Control 150 90 140 4.0 103 

1 182 113 141 4.2 1 0 1  
2 180 111 ” 4.4 104 
8 150 90 140 4.3 ” 

9 45 Control 143 100 139 5.0 102 
1 220 150 ” ” 103 
3 192 117 137 4.7 102 
6 172 106 138 4.8 ” 

9 47 Control 160 115 136 4.0 103 
1 213 120 134 3.8 102 
2 226 130 135 4.0 104 
4 222 120 136 3.8 101 

9 47 Control 190 110 134 4.2 106 
2 270 137 135 4.3 105 

See footnote, Table I. 

Discussion. Muirhead and co-workers ( 1 ) 
found marked decreases in plasma sodium 
(average14 meq/l) and increases in plasma 
potassium (average +3.2 meq/l) during in- 
travenous infusions of norepinephrine in 
anesthetized dogs. Robertson and Peyser ( 2 )  
found that serum sodium and chloride each 
fell an average of 8 meq/l and serum potas- 
sium rose an average of 7.9 meq/l in anesthe- 
tized cats 5 minutes following injections of 
500 pg/kg of 1-epinephrine. Others have 
noted immediate increases in serum potas- 
sium by as much as SO%, followed by a sharp 
drop to subnormal levels, after intravenous 
administration of epinephrine to cats, dogs, 
and man ( 5,101,ll) . Friedman and co-work- 
ers studied the effects of norepinephrine, an- 
giotonin, and pitressin on distribution of 
electrolytes in bilaterally nephrectomized rats 
and dogs, and found that electrolyte shifts 
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TABLE: 1V. Arterial Pressures and Serum Elec- 
trolytes before and after Phenylephrine Adminis- 

tration, Normal subjects (Group D). 

Pressure (mm Hg) 
Systciiiic. Seruui 

k i t  i t . i i t  X1.t t11y vIcc tr olytes 

Sex (yr) (min) tolic tolic Na  K C1 

(mecl/l) 
,4ge Time Sys- Dias- 

1. 8 85 Control 123 
3 190 
ci 150 
8 120 

2. 9 26 Control 138 
1 156 
3 176 
(i 154 

2 142 
10 122 

1. 9 46 C’ontrol 137 
1 220 
1 165 
8 160 

3. 8 3(i Control 120 

85 135 4.0 103 
120 ” 4.1 ” 

100 136 4.0 ” 

80 ” ” 104 
86 130 4.3 101  

110 129 ” ” 

130 133 - 104 
94 131 4.1 102 
70 136 4.8 103 
96 134 5.1 ” 

74 ” 4.9 )’ 

80 138 4.5 104 
110 139 4.7 105 

90 140 4.6 103 
84 139 ” 104 

See footnote, Table I. 

(movement of sodium out of extracellular 
space and movement of potassium into extra- 
cellular space) occurred during acute in- 
creases in blood pressure (3 ,4) .  Other studies 
(12-15), however, as well as the present study, 
have indicated that there are no significant 
changes in serum electrolytes during drug- 
induced changes in blood pressure. 

These differences in results may be related 
to differences in properties of various vaso- 
active substances. Extravascular effects of 
some drugs influence tissue and plasma elec- 
trolyte compositions independently of changes 
in vasomotor tone, thereby obscuring what- 
ever changes may occur within vessel walls 
and in their local environments. D’Silva( 5,6) 
demonstrated in the cat that the source of in- 
creased extracellular potassium following in- 
jections of adrenalin and adrenalin-like sub- 
stances appears to be, almost exclusively, the 
liver. The possibility exists that other vaso- 
active drugs may also affect electrolyte com- 
positions of extravascular structures. 

I t  appears that changes in electrolytes with- 
in vessel walls and in their local environments 
can best be evaluated by direct analyses of 
vascular tissues during a variety of vaso- 
motor activities. Tobian and Fox( 13) dem- 
onstrated that femoral arteries of dogs which 

received infusions of norepinephrine for 30 
minutes lost potassium and gained sodium. 
Daniel and co-workers( 1 2 )  found only a de- 
crease in potassium content in the rat aorta 
immediately after injection of I-norepine- 
phrine. Daniel and Dawkins ( 15) demon- 
strated increased potassium in aortas of rats 
with renal hypertension and spontaneously- 
occurring hypertension; in the latter rats, 
aortic sodium content decreased. These dif- 
ferences in electrolyte contents of aortas may 
be related to different forms of hypertension, 
species differences, and differences in dura- 
tion of the hypertensive states, This impor- 
tant aspect of the problem of vasomotor tone 
and blood pressure regulation requires fur- 
ther study. 

Sunzmary. Trimethaphan was injected in- 
travenously into 10 hypertensive and 7 nor- 
mal subjects, and phenylephrine was injected 
intravenously into 7 hypertensive and 4 nor- 
mal subjects. Blood pressures (auscultatory) 
and serum sodium, potassium, and chloride 
were measured before and a t  frequent inter- 
vals after administration of these drugs. KO 
significant changes in serum electrolytes oc- 
curred following administration of trimetha- 
phan or phenylephrine. These data, in con- 
junction with those of others, suggest that 
serum electrolytes may not accurately reflect 
alterations in electrolyte compositions of vas- 
cular structures during drug-induced changes 
in vasomotor activity. Vasoactive drugs may 
affect electrolyte compositions of extravascu- 
lar structures, and, thus, influence serum elec- 
trolytes. Serum values, therefore, have little 
significance. Electrolyte changes within ves- 
sel walls and in their local environments may 
best be evaluated by direct analyses of vascu- 
lar tissues. 

The authors wish to express their appreciation t o  
Miss Jasneth Metz, Mrs. Josephine Damsky, and 
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study. 
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We have previously reported that natural 
steroids affect LSD action in trained rats( l ) ,  
human volunteer subjects(2) and in a brain 
function, the optically evoked primary corti- 
cal potential of rabbits (3).  In  addition, 
prednisone, a synthetic steroid, is an effective 
antagonist of some phases of the LSD reac- 
tion in humans, according to Abramson and 
Sklarofsky (4). In order to learn more about 
LSD-steroid interaction, we have studied the 
metabolism of LSD in vitro. 

Methods. Male Holtzman rats weighing 
200-250 g were sacrificed by decapitation and 
2-3 g of liver removed. To each liver sam- 
ple 4 volumes of chilled isotonic KCl solution 
were added and the liver homogenized in a 
Potter-Elvehjem apparatus. A supernatant 
fraction containing microsomes and soluble 
fraction was prepared by centrifugation a t  
10,000 g for 15 minutes( 5) .  Fractions from 
200 mg of liver were incubated in a Dubnoff 
metabolic incubator a t  37°C for 2 hours in 
a medium containing 35 pmol fumarate, 16 
pmol glucose-6-phosphate, 1 unit glucose-6- 
phosphate dehydrogenase, 3.7 pmol TPN, 2 0 
pmol MgC12, 0.32 pmol LSD and 660 pmol 
phosphate buffer pH 7.9 to make a final vol- 
ume of 3 ml. Free steroids were suspended 
in a suitable vehiclet and added to the flasks 

*Aided by grants from the New York Founda- 
tion and Am. Cancer SOC., Mass. Division. 

to make final concentrations of 1 x low3 M 
and 1 X M. Estimations of LSD re- 
maining in the flasks after incubation were 
made according to the method of Axelrod 
et a L ( 5 ) .  

ResuZts. Additions of LSD to the liver 
fraction and medium followed immediately 
by extraction and estimation of the recovered 
LSD resulted in 100% recovery of the LSD. 
Possible effects of the steroid suspending 
vehicle were assessed by comparison of LSD 
utilization in complete systems with and 
without addition of vehicle. No differences 
in LSlD utilization between the two were 
noted. 

Inhibition of LSD metabolism by a repre- 
sentative steroid, progesterone, a t  increasing 
dilutions is shown in Fig. 1. After demon- 
strating the inhibitory property of progester- 
one in detail, other steroids were tested at 2 
dose levels. These results are shown in Table 
I. The degree of inhibition was found to be 
greatest for the adrenal cortical hormones 
and least for Dehydroepiandrosterone. 

In addition to the use of liver homogenates, 
several experiments were performed using 
liver slices and brain slices. Liver slices me- 

t Suspending vehicle Special Formula No. 17874 
(SV No. 17874) which consists of an aqueous solu- 
tion of sodium chloride (0.9%) polysorbate 80 
(0.4%), carboxymethylcellulose (0.5%) and benzyl 
alcohol (0.9%). 


