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increased in relation to age i n  intact growing. itself on EST, or more generally on central 
and in early and late hypophysectomized rats. nervous system sensitivity. On this basis, 
2. Statistical analysis of values obtained many previous conclusions require revision. 
shows that regression coefficients of Age vs. 
EST of intact growing and of late hypophys- 
ectomized rats are almost identical, whereas 
those of early hypophysectomized rats 
are lower. I t  is possible that earl>- hypo- 
physectoniizecl rats become more sensitive 
to the stimulus than intact or late hypo- 
physectomized animals. 3. The conclusion 
is reached that other varialdes. particu- 
larly age, have to he considered in seeking 
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S tud ie s  i n  His tochemis t ry  L I I I .  hlicrobiological Assay  i n  Quantitative 
Hi s to -  and Cytochetnistry.* (24454) 

Qua n ti t a ti ve c hem i cal ti n a1 y s i s of hi s t o- 
logically or cytologically defined samples often 
requires micro technics to deal with the small 
quantities involved. JIicrobiological assay. 
the method of choice for certain 13 vitamins 
etc.. has a remarfa1)ly great Pensitivity which 
is well suited to :he exacting requirements of 
histo- and cytochemical studies. Keverthe- 
less, this analytical approach has been s i r -  
misingly neglected. and in fact only an occa. 
sional micro adaptation for any purpose has 
been made. ~ . g . , (  1-4). Rioauto:raph!. offers a 
sensitive means of detection but without the 
degree of quantitation afforded by the usual 
microbiological assay. Excellent comprehen- 
sive reviews of these technics have just ap- 
peared (5.6). Recent instrumental develop- 
ments have made feasible the extension of mi- 
crobiological assay to a scale reqiiiring 500 to 
1000 times less sample without loss in accur- 
acy or precision. In  this communication such 
a technic will be described with application to 
measurement of biotin. liberated from l ~ound  
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form hy acid hydrolysis, and pantothenate, 
liberated by enzyme hydrolysis. 

Matrrinls and methods. The micro equip- 
ment employed has been described ( 7 ) .  Py- 
res culture tubes 28 mm long, 4 rnrn inner di- 
ameter. with sleeve-type rubber serum-bottle 
stoppers were used. Constriction pipettes 
were employed for all volumes under 100 p1 
and mising in the tubes was carried out by 
“buzzing.” A constant temperature water 
bath with a plastic plate containing holes, 6 
inin diameter, to hold the culture tubes served 
:is the micro incubator. The plate was sus- 
pended 15 mm under the water surface so that 
the tubes were submerged but the tops of the 
stoppers were not. An ordinary well-con- 
trolled incubator can be used instead. A 
micro centrifuge ( Rlicr ochemical Specialties 
(‘o., Berkeley) was also used. Growth was 
determined turbidimetrically a t  650 nip with 
a Beckman DU spectrophotometer. Lowry- 
Hessey micro cuvettes were employed for 
larger volumes (100 1.1) and Glick-Grunbaum 
inserts were used with these cuvettes for 
small volumes ( 6  pl) . Lactobadus  arabko- 
sus, strain 17-5, with “double strength” 
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Skeggs-Wright medium was used for assay of 
biotin (8) and pantothenate (9) .  For both 
vitamins substitution of cysteine for cystine 
and addition of 1 mg folic acid per liter of 
medium was found to give more consistent re- 
sults. For inoculum cultures, 0.025 pg 70 
biotin or 2 pg 70 calcium d-pantothenate was 
added to the medium diluted with an equal 
volume of water. Stock cultures were main- 
tained on A P T  Agar, No. 229 (Case Labora- 
tories, Chicago). When the sample was a 
microtome section of fresh-frozen tissue, it 
was frozen-dried at  -20°C in a vacuum desic- 
cator over silica gel( 7), weighed on a quartz 
fiber micro balance, and then subjected to 
hydrolysis. For biotin, optimal conditions for 
hydrolysis were found to be autoclaving the 
dried sample, e.g., about 20 pg  from a fresh 
section of rat liver 2 mm diameter and 20 p 
thick, in 5 pl of 2 N sulfuric acid in a 
stoppered tube for 1 hour a t  120°C. The 
hydrolysate was neutralized with 5 pl 
of 2 N sodium hydroxide and diluted 
with sufficient (usually 180 pl) 0.015 M 
phosphate buffer, pH 7, to bring the biotin 
concentration into the region required by a 
standard calibration curve. For pantothenate 
in the dried sample, e.g. liver as above, enzyme 
hydrolysis, adapted from the procedure of 
Novelli and Schmetz ( lo ) ,  required 18 hours 
at  37°C in a mixture consisting of 5 pl ( 2  
Schmidt-Thannhauser units) of 0.2 % purified 
intestinal alkaline phosphatase (Pentex, Kan- 
kakee, Ill.), 10 pl of 10% suspension of 
Dowex-treated pigeon liver acetone powder 
(Pentex) in 0.02 M potassium bicarbonate, 
5 pl of 0.1 M Tris buffer, pH 8.4, and 30 pl 
water. The enzymes were inactivated by im- 
mersing the tubes in boiling water for 45 sec- 
onds and the hydrolysate then diluted with 
100 p1 of water. Before assay the hydroly- 
sates of both vitamins were clarified by cen- 
trifugation for several minutes a t  7500 g or 
greater. Sterile standard solutions of biotin 
in 0.015 M phosphate buffer, pH 7, were used 
in the range 0.1-1.0 mpg per ml. The cal- 
cium d-pantothenate standards were in the 
range of 10-100 mpg/ml water. Aliquots of 
10 pl of standard or hydrolysate solution were 
employed for each assay, and these were set 
up in triplicate for each dilution. Hydroly- 
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F I G .  1. Rcspoiisc of Lactobucilbiis urabinosus (17- 
5)  t o  bjotiii in iiiacro (I0 ml/tubc) and micro (20 
pl/tuFe) assays. Bacterial suspension was not di- 
luted before i ~ ~ ~ a s u r ~ r n e n t  in the former, but it 

was (1 : 1) in  thc latter. 

sates were diluted 2 or 3 times and all dilu- 
tions were assayed simultaneously. Ten pl 
of inoculated medium were added to each tube 
and the mixture incubated at  30°C for 24 
hours (pantothenate) or 48 hours (biotin). 
Finally 100 pl of 0.9y0 sodium chloride were 
added, the solution mixed and the absorbance 
measured. 

Results. The data presented in Fig. 1 il- 
lustrate the close correlation between the 
macro and micro assays for biotin. The same 
degree of correlation obtains for pantothenate 
assays. To test the precision of the methods 
10 aliquots from a standard solution of 
biotin and 10 from one of coenzyme A were 
analyzed and the respective means 4.05 ppg 
(% standard deviation and error, 3.2 and 
1.0) and 22.6 mpg (% standard deviation 
and error, 4.9 and 1.5) were obtained. Tripli- 
cate analyses of hydrolysates of individual 
microtome sections of rat liver, dry weight 
21-24 p g ,  gave a mean of 3.14 ppg biotin per 
pg dry weight for 10 sections (% standard 
deviation and error, 4.4 and 1.6) and 0.28 
mpg pantothenic acid per pg dry weight for 
7 sections (% standard deviation and error, 
7.9 and 2.8). 

Preliminary work indicates that the method 
for biotin can be used for niacin in the range 
0.006-1 mpg by replacing the niacin in the 
double-strength medium by 0.1 pg o/o biotin. 
Hydrolysis requires autoclaving for 15 min- 
utes a t  120°C in 0.1 N sulfuric acid; 0.1 N 
sodium hydroxide is used for neutralization. 

Summary. Extension of microbiological as- 
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say methods to a scale requiring 1/500th to 
1/1000th the sample ordinarily used is de- 
scribed with specific application to the meas- 
urement of biotin and pantothenate in tissue 
sections. 
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Antimycobacterial Activity of Extracts of Rat Peritoneal Cells.* (24455) 

CHARLOTTE A. COLWELL ( Introduced by Smith Freeman) 
1'PtPrnii.s . 4 d i i i i i i .  Hospi ta l ,  Hitips, I l l .  aiici I h p t .  of Biochemistry, Northwestern University 

Alpdiral Srhool ,  Chicago, I l l .  

Lurie concluded (a )  that acquired immu- 
nity to tuberculosis is merely enhanced na- 
tural resistance, and modes of action of the 
2 phenomena are probably the same ( 1.2) and 
( b )  that altered physiological reactivity of 
mononuclear phagocytes of the immunized 
animal is the most important single factor in 
resistance to the disease ( 3 ) .  These conclu- 
sions have gained considerable support. 1 t 
appeared possible therefore that comparative 
studies of some physiological activities of 
mononuclear cells from animals of differing 
susceptibility to this disease might contribute 
to a better understanding of mechanisms of 
restriction of intracellular mycobacterial 
growth. As a part of such studies, antimyco- 
bacterial activities of extracts of cells of in- 
duced peritoneal exudates from the highly SUP- 
ceptible guinea pig and the very resistant rat 
have been investigated. It seems desirable 
to report preliminary results of these experi- 
ments. 

Materids and methods. Male albino guinea 
pigs of the "English" breed weighing 1300 to 
1200 g each, and 2 strains of male albino rats 
of 250 to 400 g weight were used in groups of 
8 to 18 animals for each experiment. Exudate 
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induced by intraperitoneal injection of glyco- 
gen(4) was collected on sixth day, at time of 
monocyte-type cell predominance, by wash- 
ing peritoneal cavities with large quantities of 
isotonic 0.005 &I Tris buffer, pH 7.4. Fluid 
was collected by gravity from living guinea 
pigs, and from rats by exposing peritoneal 
cavities immediately following their death 
from sharp head blows. Siliconed glassware 
or lusteroid or polyethylene containers were 
used for handling all cell suspensions. About 
1 to 2.5 1 of pooled cell suspension was ob- 
tained from each group of animals. The 
number of cells was determined by hemocy- 
tometer for preliminary standardization. Cells 
were concentrated in 20 to 40 rnl of is3tonic 
Tris buffer in a refrigerated centrifuge. Con- 
centrated cell suspensions were freed from 
contaminating erythrocytes, if any, by r, ocen- 
trifuging and suspending 10 minutes in hypo- 
tonic NaCl solution, which was then made 
isotonic by addition of an equal volume of hy- 
pertonic NaC1 solution ( 5 ) .  Total and dif- 
ferential cell counts were made and the sus- 
pension recentrifuged ; thus cells were washed 
twice after removal from animals. The but- 
ton of cells was evenly suspended in glass- 
distilled water to make concentrations of 
about 60 to 70 x lo6 cells/ml and suspensions 
were subjected to sonic vibration in Raytheon 


