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TABLE I. Summary of Badioactivitp Data of Lipid Fractions of Liver and Mesentery. 

Specific activity+ ( X  102) 
r 3 

Lirer Mesentery 
Hat  Fat ty  acids % r \ I  > 
KO. fed (mg) absorbed 1 2 3 4 4/3 1 2 3 4 

> 
1 

107 83 2.53 1.21 1.08 3.02 2 . i9  1.1.3 1.90 0.79 0.68 
83 85 1.63 1.11 1.13 3.07 1.80 - 0.92 0.06 - 

4 275 73 2.81 2.42 1.90 4.30 2.26 0 . l i  0.80 0.43 0.17 
3 258 90 0.91 0.67 0.65 1.35 8.08 0.23 0.6: 0.29 0.24 
ti 127 8 1  4.73 2.48 2.34 5.34 2.28 1.34 1.54 0.77 1.04 

Mean 2.52 1.58 1.42 3.2.2 2.2,4 0.72 1.17 0.47 0.53 
Stand. error of mean 20 .65  2 0 . 3 7  k 0 . 3 0  +_0.72 k 0 . 1 6  k 0 . 3 1  5 0 . 2 4  k0.14  kO.20 

% of administered counts 
-- t Y Specific activity ==. -- 

mg C. 
1. Total fa t ty  acids; 2. Free fat ty  acids; 3. Phospholipid fa t ty  acids; 4. Xeutral f a t  fa t ty  acids. 

TABLE 11. Specific Activity of Liver Fat ty  Acids 
Isolated from Triglycerides Alone and from :t 

ity of any other fraction. They must, there- 

haps being deposited as soaps from the chyle. 
In  Table I1 a comparison is made of the 

31ixture of Triglyeerides and Cholesterol EStCrs. fore: be regarded as preformed per- 

Specific activity ( x 102) 
7- 

Triglyceride +' concentration of C14 in the fatty acids of the 
Triglyceride chorest er ol ester 

Rat  S o .  fa t ty  acids f a t ty  aeids 

3.02 
2.07 
1.35 
5.34 

3.86 
2.07 
1.54 
3.97 

tion of the phospholipids of the excised liver 
is in keeping with Fairbairn's observation( 2 2 )  
of the rapid hydrolysis of phospholipids of 
extirpated livers of cats and rats. The speci- 
fic activity of the free fatty acids in the 
mesentery was always greater than the activ- 

triglycerides and of the fraction containing 
both triglycerides and cholesterol esters. Gen- 
erally speaking, the activity of cholesterol 
esters was equal to or greater than the activity 
of the glycerol esters, an indication of the 
importance of cholesterol in the metabolism 
of ingested fatty acids. 

Summary. Biosynthesized lipids labeled 
with C14 was fed to rats and the lipids from 
various organs examined for radioactivity. 
The importance of the observations in studies 
of lipid metabolism was pointed out. 

2 2 .  Fairbairn, D., 3. Biol. Chew%., 1945, v157, 645. Received Octob,er 11, 1950. P.S.E.B.M., 1950, 1775. 
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The subnormal level of glucose in the main factor is utilization of glucose by bac- 
teria growing in the fluid(1). On the other 
hand, the concentration of glucose in aseptic 

1. Merritt, H. H., and Fremont-Smith, F., The 
Cerebrospinal Fluid, Philadelphila and London, W. R .  

cerebrospinal fluid of patients with bacterial 
meningitis is frequently of diagnostic value in 
differentiating bacterial from aseptic menin- 
gitis( 1). Reasons for the reduced COnCentra- 
tion of glucose in bacterial meningitis are not 
understood although it is stated that the Saunders Co., 1937. 
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meningitis is said to be normal because the 
leucocytes do not metabolize i t(1).  The ob- 
ject of the present investigation was to assess 
the importance of bacterial growth and leuco- 
cytic metabolism as factors tending to lower 
levels of glucose in the cerebrospinal fluid. 
Tt has been found that leucocytes and pneu- 
mococci utilize glucose in the cerebrospinal 
fluids of dogs but the data suggest that these 
factors are not sufficient in themselves to ac- 
count for the low levels of glucose in cerebro- 
spinal Auid of bacterial meningitis. 

Mcthods. Tests were carried out with the 
cerebrospinal fluids of dogs rather than hu- 
man beings because the production of aseptic 
meningitis by intracisternal injection of ir- 
ritating substances made it possible to ex- 
clude more surely the participation of bacteria. 
The dogs were anaesthetized by intravenous 
nernbutal and subjected to cisternal puncture 
with a 20 gauge needle. ,After withdrawal of 
3 to 5 ml of cerebrospinal fluid, equal amounts 
of sterile normal rabbit serum or distilled 
water containing 5000 units of penicillin were 
administered intracisternally. Bacterial men- 
ingitis was produced similarly by intracis- 
ternal injection of 0.5 to 1 ml of a 12 to 18 
hour culture of virulent Type III pneumo- 
cocci. Further cisternal punctures were done 
after varying periods for examination and 
tests of fluid. The number of polymorpho- 
nuclear leucocytes per cubic millimeter of 
cerebrospinal ffuid was determined in the 
usual manner( 1). .\bsence of bacteria from 
fluids of dogs with aseptic meningitis was 
confirnied by aerobic and anaerobic cultures 
on rabbit blood agar plates(2).  Pneumo- 
cocci to be placed in normal cerebrospinal 
fluid were grown for 4 hours in beef infusion 
broth containing 1076 normal sheep serum 
and 0.2% glucose. Small amounts of young 
cultures prepared in this manner were trans- 
ferred by pipette to the cerebrospinal fluids, 
and numbers of pneumococci in the fluids were 
determined a t  hourly intervals. Bacterial 
content was determined by removing 0.5 ml 
of the fluid, making serial ten-fold dilutions 
in broth. followed by colony counts of poured 
----- - - - - 

2 .  Varney, P. L.. J .  Lab. and Clin. Med., 1926, 
v l l ,  1183. 

blood agar plates. Concentrations of glucose 
were determined by standard methods (3,4). 
For measurement of the rate of consumption of 
glucose in vitro, fluids were shaken constantly 
a t  37'C in a Warburg water bath as recom- 
mended by Barron and Harrop( 5) .  

Concentrations of glucose in the 
cerebrospinal fluids of dogs with aseptic men- 
ingitis are shown in Table I and were found 
to be essentially normal as judged by stan- 
dards in human beings( 1). Similar determina- 

Results. 

1 
8 

19 
23 
"4 
38 
2 Y 
3 1 

3 .  Gmbreit, W. W., Burris, R. H., and Stauffer, 
J. F., Ma~zometric Techniques and Related Jf ethods 
for the Study of Tissae Metabolism, Burgess Publish- 
ing Co., Minneapolis, Minn., 1945, p. 103. 

4. Selson, S., J .  Biol. Cheirz., 1944, ~ 1 5 3 ,  375 .  
5 .  Barron, E. S. G., and Harrop, G. Jr., J .  

Biol. Chenz., 1929, v84, 89. 
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TABLE 
Piieuniue 

IIT. (Ionsumption of Glucose I% Pitro by 
o w i  Growing in  Sormal  Cerebrospinal 

Fluid. 

1 0 

1 

3 
4 

- 1 9s 

G x 1 0 7  

1 5  107 

9s x 107 

0.7 x 106 

34 x 107 
9 x 10s 
2 x 108 

80 
3 

26 

48 
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ii 

51 

3 
0 

85 

82 

74 

.‘j 4 

31 

3 

8 

20 

23 

-. For  this experiment, glassware was cleaned by 
boiling in equal parts of conceiitrated nitric acid 
anci distillrd water. 

tions in pneumococcal meningitis are also re- 
corded in Table I and are lower than normal 
by the same standards. In  Table 11, it may 
be seen that definite amounts of glucose were 
consumed by fluids of dogs with aseptic men- 
ingitis and that the rate of utilization appears 
to be more rapid in fluids with higher cell 
counts. Table I11 shows the consumption of 
glucose in vitro by pneumococci growing in 
normal cerebrospinal fluid and it may be noted 
that only with extremely large numbers of 
pneumococci growing rapidly did the rate of 
consumption of glucose approximate that 
utilized by the leucocytes in fluid of aseptic 
meningitis.* In  control experiments not re- 
corded in the tables, prolonged incubation of 
normal cerebrospinal fluids did not result in 
diminished concentrations of glucose. 

Discussion. Measurements of glucose be- 
fore and after incubation of cerebrospinal 

* I n  the single instance where utilization af glu- 
cose by the bacteria was greater than that of leuco- 
cytes, the number of pneumococci was particularly 
large and the rate of ,growth especially rapid. 

fluids of dogs with aseptic meningitis have 
demonstrated that glucose is utilized by such 
fluids. Although two previous studies( 1,6) 
report failure to detect consumption of glu- 
cose under somewha t similar conditions, sev- 
eral others( 7-1 1) have presented qualitative 
experiments indicating that cerebrospinal 
fluid containing leucocytes but no bacteria is 
capable of using glucose. C,onsumption of 
glucose by these fluids must be due to the 
leucocytes and is not surprising in view of the 
considerable published evidence (5,12 -1 7 ) 
showing that leucocytes from other sources 
metabolize glucose in vitro. 

N,ormal levels of glucose are known to oc- 
cur iln aseptic meningitis of human beings ( 1 ) 
and this fact has been confirmed for dogs 
in the present experiments. Normal concen- 
trations of glucose under these circumstances 
might not be expected in view of the fact that 
fluids from such dogs were shown to utilize 
glucose. However, an adequate explanation 
for this discrepancy would appear to be that 
glucose of the cerebrospinal fluid is replenished 
more rapidly by the body than i t  is utilized 
by the leucocytes. 

I t  is important to note that in vitro tre- 
mendous numbers of rapidly growing pneumo- 

6. Pfaundler, Physiologisches, Bacteriolagisches und 
Klinisches tdbw Lumbalpzmktionen an Kindern, 1894, 
S .  4.5, Quoted by Ino. 

7 .  Ino, I., Acta Scholae Med., 1919-20, v3, 609. 
8. Mader, .4., Jarb. f. Kinderheilk., 1930, v126, 187. 
9. Katzeneilenbogen, S., The Cerebrospinal Fluid 

and I t s  Relation to the Blood, The Johns Hopkins 
Press, Baltimore, 1935. 

10. Soedjona, D. P., Mandschr. v. Kindergeneerk, 
1938, v l ,  337. 

11. Hendry, Esther, Arch. Dis. Child., 1939, v14, 
307. 

12. Levene, P. -%., and Meyer, G. M., J .  Bid.  
Chem., 1912, 1.12, 265. 

13. Macleod, J .  J .  R., J .  Biol. Chew., 1913, v l j ,  
497. 

14. Maclean, H., and Weir, H. B., Biocheilz. J . ,  
191.5, v9, 412. 

1.5. Glover, E. C., Daland, G. A.,  and Schmitz, 
H. L., ilrch. Zlzt .  Med., 1930, v46, 46. 

16. Soffer, L. J., and Wintrobe, M. M., J. Cliiz. 
Invest., 1932, v l l ,  661. 

17. MacLeod, J., and Rhoads, C. P., PROC. SOC. 
EXP. BIOL. AND MED., 1939, 1741, 268. 
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cocci were necessary in order to consume glu- 
cose in cerebrospinal fluid as rapidly as the 
leucocytes in the fluids from dogs with aseptic 
meningitis. Since the utilization of glucose 
by less than 150 million pneumococci per ml 
was so low that it could hardly be measured 
it is probable that the consumption of glucose 
by the much smaller numbers of pneumo- 
cocci usually present in meningitis would be 
so small as to be insignificant.+ Previous 
workers ( 7,8,10,11) have added bacteria to 
cerebrospinal fluid and have shown consump- 
tion of glucose but have not attempted to 
measure rates of utilization of glucose under 
these conditions. On the other hand, studies 
of the consumption of glucose by bacteria in 
culture media have shown even lower rates 
than were found in the present experiments 

Inasmuch as normal mechanisms of re- 
plenishment appear to suffice to maintain 
glucose levels in the cerebrospinal fluid when 
leucocytes are present without bacteria, and 
since the numbers of bacteria in the cerebro- 
spinal fluid in meningitis are usually much 
smaller than were used in the in vitro tests, 
it seems likely that additional factors must 
be operating to cause the lowered levels of 
glucose in the cerebrospinal fluid of bacterial 
meningitis. Especially, does it seem probable 
that other factors than utilization of glucose 
by leucocytes and bacteria are present in 
tuberculous meningitis. The numbers of leu- 
cocytes and bacteria are not great enough 
in this disease to overcome normal mechan- 
isms of replenishment > particularly since there 
is evidence that lymphocytes consume less 

( 18-20). 

* The number of pneurnococci in the cerebrospinal 
fluid of a dog with acute meningitis was found to be 
250,OW per ml (Table I, Experiment 31). 

18. Finkle, P., J .  Exp. X e d . ,  1931, v53, 661. 
19. Stephenson, M., and Gale, E. F., Biochem. J., 

20. Speigelman, S., Personal communication. 
1937, v31, 1311. 

glucose than granulocytes (5,16) and that tu- 
bercle bacilli grow slowly with a low rate of 
utilization of glucose( 2 1). 

Other possibilities have been suggested as 
mechanisms for low levels of glucose in the 
cerebrospinal fluid in bacterial meningitis. 
For example, there may be a change in the 
permeability of the blood-cerebrospinal fluid 
barrier (9.11 !22-24) : or damage to meninges 
and choroid plexus may increase the glycolytic 
rate of these tissues(7,9). To support these 
theories there is as yet no direct experimental 
evidence. 

Summary. 1. Levels of glucose in cerebro- 
spinal fluids of dogs with aseptic meningitis 
were normal, while incubation in d r o  of 
such fluids resulted in consumption of glu- 
cose. Evidently, glucose is transported into 
the cerebrospinal fluid in viva more rapidly 
than it is utilized by the Teucocytes under 
these conditions. 2. Very large numbers of 
pneumococci growing rapidly in normal cere- 
brospinal fluid were needed in order to con- 
sume glucose at  rates approximating those at 
which glucose is utilized in vitro by fluids of 
dogs with aseptic meningitis. 3. Consumption 
of glucose by leucocytes and bacteria does not 
appear to account for lowered levels of glu- 
cose in bacterial meningitis. 
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