
seemed to show a slightly better correlation 
(20). To our knowledge systematic studies 
on this aspect. have not. been done with the 
rat. 

Another controversy has ariseii concerning 
use of turpentine to produce leucocytic exu- 
dates. Harris(l9) reported it to be toxic to 
cells. Menkin( 18) explains his different oh- 
servations as due to use of different species. 
We can only say that in our experiments the 
leucocytes in the exudate which results from 
injection of turpentine in the granuloma 
pouch showed high myeloperosidase activity 
after being washed with saline. 

Suimzary. The rat granuloma pouch has 
been found to be a convenient source for col- 
lection of leucocytes rich in myeloperoxidase. 
Of a number of irritants tried, a suspension of 
turpentine was most satisfactory. !Tithin a 
limited range, pH of turpentine suspension 
had no significant effect on cellular composi- 
tion of the exudate. 
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Effects of Dietary Fat upon Polyunsaturated Fatty Acids of Blood in 
Patients with Multiple Sclerosis.*+ (24688) 

H .  GEKSTL, IT. E:. DAVIS, JH., J .  K .  SMITH, E. ATHINEOS AND G. HEHOLD 
V e t .  Adnrin. l i o s p . ,  Oakland, avid t h p t .  of Pathology, School of Medicine, 

L’niversily o! (.iilifor)iia, San Frniicist-o 

Among several hypotheses advanced con- 
cerning the etiology of multiple sclerosis 
(&IS), 2 schools of thought have recently 
gained prominence; one( 1 ) proposes that an 
allergic reaction is involved : the other (2 ,3  ) 
that an enzymatic or metabolic defect under- 
lies recurrent attacks of demyelination. We 
reported previously that some patients with 
MS revealed higher plasma levels of dienoic 
acid than did controls(4). This observation. 
together with the dietary studies of Swank( 5 )  

*Supported by U. S. Yeterans Admin., and 111, 
grants from Nat. Multiple Sclerosis Soc.. S. Y., and 
IJ .S .P .H.S. 

t Presented, in part, before Am. Tnst. R i d .  Sci., 
Stanford Univ., August 29, 19.57. 

and increased chylomicron index noted by 
Skillen, et al. ( 6 ) ,  warrants further investiga- 
tion of the lipid metabolism in this disease. 

rtlethods. The plan of this study was simi- 
lar to that of Holman, et al. ( 7 ) .  Diagnosis of 
JIS was established as outlined previously 
(4). A baseline blood sample was obtained 
after patient had been on average hospital diet 
including approximately 20% protein, 28 o/o 
fat, and 52% carbohydrate. Then, all in- 
dividuals received a nearly eucaloric diet with 
soya bean oil as main source of polyunsatur- 
ated fatty acids (PUFA). Composition of 
diet, its lipids and vitamins added, is given 
in Tables I-A, B and C .  Diagnoses of control 
patients are listed in Table TI. Sequence of 



TABLE 1-A. PUFA-Bnricheil Diet Bused 011 Ay- 
prosiiiiatcly 2600 Calories/Day Intake. 

g 

TABLE 'I-C. Vi taiiii ns/I)ay. 

Me tliioiiiiic I g  
Pyridosinc 50 1ng 
Pc.lltotllclia te 9 " 

Sicotin;imitlt~ 90 " 

R 1 2  3 P a  
Ril>ofl:triii 39 lllg 
Thi:iniinc 36 " 

Ascorhic acid 225 " 

B-2 1,200 units 
A 15,000 " 

patients was kept alternating to exclude in- 
fluence of seasonal factors. Blood was ob- 
tained after overnight fasting. Clotting of 
blood was prevented by addition of dry potas- 
sium oxalate. The cells were rapidly sepa- 
rated by centrifuging a t  3,000 rpm. Plasma 
was extracted and total lipids and cholesterol 
determined as in previous investigation (4) .  
The PUFA were measured by method of Herb 
and Riemenschneider (8) .  Precautions recom- 
mended by Holman (9) were followed. Meas- 
urement at  374 mp was included, and the 
PUFA calculated according to Hammond and 

rI'A131J13 11. Five Coutrol Cztscs. 

+ 
.rl a 
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Lundberg ( 10).  Separation and estimation of 
I’V‘F.4 in red blood cells were carried out as 
described elsewhere. 

According to Holman. c’t d . (  7 ) . 
ratios of individual lipids to total lipids and 
those between the 2 groups of structurally re- 
lated ITF.4 are more revealing than data on 
individual lipids. Tn agreement with this con- 
cept. our results are likewise reported as ra- 
tios. 

Cholesterol /lipid ratio de- 
clined and PUFA total lipid ratio increased 
in both AIS and control groups during 3 weeks 
of PUFA-enriched diet (Table 111).  The 
dieneiPITFA ratios showed a rise, and tetra- 
ene /PFFA ratios showed a fall in both groups 
during the study. but a statistically significant 
difference in  degree of change was not ol i -  

served i n  either case (Table I!.). The triene 
T’WA ratio declined in the control group 
while i t  remained practically unchanged in 
MS patients (Table 111), resulting in a sta- 
tistically significant difference (Table TV-B). 
Similarly significant was the difference in be- 
havior of the dieneitriene and of the triene/’ 
tetraene ratio (Table TI1 1 .  The former rose 
markedly in the control group and onl?. 

R~~siil ts .  

I’lusiizu lipids. 

slightly in MS patients; conversely, triene/ 
tetraene ratio increased considerably in MS. 
but only to a minimal extent in control pa- 
tients. 

Because of scarcity of 
data available on lipids of red blood cells, 
these are reported in Table V. The diene/ 
PUFA ratio remained nearly stable in 34s 
patients and rose slightly in the controls. 
Triene {’PCFA and triene/tetraene ratios in- 
creased in 31s patients while declining in the 
controls; but none of the differences were sta- 
tistically significant. 

Discussion. This investigation of multiple 
blood lipid components was limited to a small 
number of patients, as in the study of Holman 
(7). Nevertheless, analysis of data obtained 
on our 2 groups allows certain tentative inter- 
pretations. 

Cholesterol /lipid ratio decreased in both 
groups during the period of special diet. This 
corroborates the findings of Kinsell, ct d. and 
of Ahrens: rt al .(  11.12). Increase of PCFA/ 
lipid ratio was of similar extent in both groups, 
indicating that there was no defect in absorp- 
tion of dietary fat in the J l S  group. 

Dienoic WUFA and trienoic/PUFA ratios 
in 31s and control groups were almost identi- 
cal a t  start of experiment. During the period 
of I’UFA-enriched diet, the diene/PUFA ra- 
tio rose significantly in both groups (Table 
IV-A) . The triene//PUFA ratio, however, de- 
clined significantly in the controls during this 
period. while remaining stable in the MS 
group. resulting in a significant dfference be- 
tween the 2 groups (Tables IV-A and B) .  
The tetraene/PUFA quotient also was alike 
at the start, and decreased to the same extent 
of p in both groups. The diene/triene as well 
as the triene/tetraene ratios were almost iden- 
tical in the 2 groups before receiving the diet 
(Table 111). The former increased signifi- 
cantl!. in the controls leading to a difference 

Red blood cells. 

N.R. N.8. N.S. 
3 ,  9 .  .10 .10 

Frec: S . R . “  x,s. Y.S. N.S. 
PUFA (3  wk) ” .I0 



~~ 

12.5 
10.3-L4.5 
12.1 
10.4-1 5 . i  

13.5 
12.6-15.7 
14.3 
12.5-16.(i 

29.0 
25.5-35.4 
30.5 
29.0-33.0 
29.5 
24.4-3 2. fi 
33.9 
29.3-38.4 

23.5 
15.7-3 1.2 
25.5 
19.1-30.1 
21.9 
19.4-2 5.6 
15.7 
10.5-26.8 

.77 

.42-1.09 

.87 

.58-1.17 

.68 

.63 

.62- .78 

.30- .92 

with the >IS group with the significance p< 
0.10. Conversely, the triene itetraene ratio 
rose in the J4S group with the final difference 
being also p < O . l O .  

Comparison of data presented here with 
those reported by Evans( 13) and by Pikaar, 
ct  at?.( 14) is of but limited value since dietary 
intake of the latter 2 groups was not given. 
Diene/and tetraene/PUFA ratios in the “fast- 
ing normal’’ of Pikaar’s group are close to 
ours, all other diene levels in these reports be- 
ing slightly higher. A larger difference is no- 
ticeable in the triene/PUFA quotient, which 
is higher in our group than in the 10 fasting 
normals of Pikaar. Since the methods em- 
ployed were identical( 13) or were similar 
( 14), a different food intake may well be re- 
sponsi ble. 

More illuminating is comparison with Hol- 
man: et aZ.( 7)  data. The triene/PUFA ratios 
in Holman’s group were initially lower but, 
after feeding hydrogenated cocoanut oil 
(HCO) rose higher in 2 of their subjects than 
in any of ours. The tetraene/PUFA ratio, 
under the influence of diet, declined in all our 
patients, as it did in 3 out of 4 of Holman’s 
subjects receiving corn oil. The triene/tetra- 
ene ratio a t  start of experiments, of same 
range in both Holman’s and our groups, rose 
in the M S  patients to the degree observed by 
Holman, et aZ., after feeding HCO. 

An increase of triene/tetraene quotient has 
been discussed by Holman( 7) as possibly sig- 
nifying a PUFA deficiency. In  view of abun- 
dant supply of PUFA and of similar tendency 
of diene/PUFA ratio in both groups, a de- 
ficiency seems unlikely. The decline of both 
triene,’ and tetraene/PUFA ratios in the con- 

trols suggests a withdrawal of the higher 
PUFA from plasma when there is a plentiful 
exogenous supply of dienoic acid. In M S  pa- 
tients, however, this mechanism seems to be 
effective only for tetraenoic acid. The results! 
further? emphasize Holman’s conclusion that 
single samples of plasma do not allow evalua- 
tion of the nutritive status of an individual as 
pertaining to PUFA. 

Findings of red blood cell lipids did not re- 
veal any significant changes in the ratios, 
though reflecting to a slight degree the changes 
in plasma lipids. 

Summary. 1. Effects of diet providing ade- 
quate protein and vitamin intake and en- 
riched with PUFA were studied in a group of 
patients with multiple sclerosis and compared 
with those in control patients. 2 .  A decline of 
cholesterol/lipid and of tetraene/PUFA, and 
an increase of PUFA/lipid as well as diene,; 
PUFA ratios were observed in both groups. 
3. Differences between the 2 groups are rep- 
resented by significant decline of triene/PUFA 
ratio in controls and, conversely, by a rise of 
triene/tetraene ratio in the MS group. 

1. Alvord, E. C., Jr., Sci., 1958, v127, 1122. 
2. Zimmerman, H. M., Netsky, M. G., A .  Res. .Vprv. 

3.  Elste, E. R., 2. ges. inn. Med., 19.33, v13, 631. 
4. Gerstl, B., Davis, W. E., Jr., Smith, J. K., Ram- 

orino, P. M., Orth, D. L., Am. J .  Clin. Path, 1957, 
v27, 315. 

5. Swank, R. L., Ann. Int .  Med., 1956, v45, 812. 
6. Skillen, R. G., Thienes, C. H., Friedman, A. J . ,  

7. Holman, R. T., Hayes, H., Malmros, H., Wig- 

8. Herb, S. F., Riemenschneider, R. W., Analyt. 

and Ment .  Dis. Proc., 1950, v28, 271. 

PROC. SOC. EXP. BIOL. AND MED., 1957, v94, 300. 

and, G., ibid., 1957, v96, 705. 

Chem., 1953, v25, 953. 



0. Holman, R. T., in Methods of Biocheiiltriil Insull, W., Jr., J .  Clin. InwJt . ,  1955. v34, 918. 
.<1ndysis, Ed.. I’l Glick, Interscience Press, X‘ I-. 1.3. Evans, J .  D., Waldron, J. M.. Oleksyshyn, S. L.. 
1957, v4, 09. liiemrnschnt4rlw. R \I: . .I R i d .  ChPw., 1956, 17218, 

14, Pikaar. S A.*  Nijhof, J., R i n r h t w .  J . ,  1958, C ‘ h ~ a ~ i s t s ’  SOC., 1953, v30, 433. 
10. Hamniond, E. G.,  Lundbcrg, \\’. O., J.  -1m. oil 

1 1 .  Kinsell, L. W., J .  A n ? .  D i d .  - 1  , 1954, v.30, 6 S 5 .  

11. Ahrcns. E. H., Jr., Tsalf;i*. 7’. T., Hitwh, J , 
v’09 j2. 

Kcccivrtl 1)rccmt)cr- ?.{. 1958. P.S.E.H.M.. 1959, ~ 1 0 0 .  

Effect of Iligitalis on Potassium Toxicity in Isolated Turtle Heart. (24689) 

It  is well accepted that potassium adminis- 
tration can antagonize tosic effects of digi- 
talis( 1 ) .  Patients receiving digitalis may es- 
hibit digitalis toxicity when their potassiuni 
intake is restricted, and patients who are over- 
digitalized frequently respond to administra- 
tion of potassium. The converse of these situ- 
ations has not been satisfactorily investigated. 
Does digitalis antagonize the effects of potas- 
sium toxicity on the myocardium? A perfu- 
sion experiment in the isolated turtle heart 
was devised to study the effects of rapidlj. 
acting digitalis preparations on induced potas- 
sium intoxication. According to Szent-Gyorgi. 
the mineraloid hormone of adrenals abolishes 
”Treppe” in the isolated perfused turtle heart 
as does digitalis( 2 .3 ) .  The protective action 
of water soluble desoxycorticosterone gluco- 
side against potassium toxicity was also inves- 
tigated. 

Methods. Hearts were removed from 30 
unanesthetized turtles to include 1 cm of the 
truncus. The dorsal aorta was cannulated 
and the myocardium perfused through the cor- 
onaries, as shown in Fig. 1 ,  with various test 
solutions(4). The phrenum was attached by 
suture to metal bar which acted as an isomet- 
ric lever. Tension developed in the bar was 
transformed into electrical energy through 
suitable transducer and recorded on oscillo- 
graph. The basic solution (Howell’s solution) 
for perfusion contained the following constit- 
uents: NaCl 0.7%, KClO.3%, CaC12 0.026%, 
NaHCO:! 0.003 %, MgCl 0.0 1 F, glucose 

0.1 %. Potassium was added to basic solution 
to augment the final concentrations of 
potassium by 4, 6: 8, and 1 2  meq/liter of 
potassium chloride. The substances to be 
tested, lanatoside C, acetyl strophanthidin 
and desoxycorticosterone glucoside were 
added in varying concentrations to the po- 
tassium enriched perfusion medium. Lana- 
toside C and acetyl strophanthidin were added 
to the perfusion media to give following con- 
centrations: .4, .8! 1 . 2 ,  and 1.6 mg/liter. He- 
tween each experiment with potassium en- 
riched solution the heart was permitted to re- 
turn to normal beat by thoroughly perfusing 
with plain Howell’s solution. 

Results. A slow infusion of KC1 in How- 
ell’s solution was capable of producing cardiac 
arrest in most experiments when the concen- 
tration of KC1 was augmented by 8 meq/l. 
There was individual variation, and occasion- 
ally arrest was produced with additional 6 
meq of potassium/liter , Similarly, some 
hearts did not arrest even with an additional 
10 meqjl. Tn lower concentrations, KC1 im- 
paired development of tension by the myo- 
cardium but did not cause arrest. Both am- 
plitude of isometric contraction and rhyth- 
micity were recorded. Potassium solution 
caused linear decrease in development of ten- 
sion until asystole occurred (Fig. 2a). 
Cardiac rate remained constant during perfu- 
sion with potassium. Changes in rhythmicity 
were not progressive as were changes in am- 
plitude of contraction. Rhythmicity was sud- 


