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dissolved in water. Doses of 6 or 8 mg INH,
lethal per se in aqueous solution, gave 50%
mortality after 7 intermittent (twice weekly)
administrations when 35% or 50% glycerine
solution respectively was employed as solvent.
With larger amounts of INH the requisite
amount of glycerine lay in the toxic range.
The absorption curves indicate that signifi-
cantly higher blood plasma levels of INH
were obtained with the glvcerine solutions
than with aqueous solutions. In higher con-
centrations of glycerine there was apparently
synergism with INH in the in vitro bacterio-
static action on 2 human strains of Mvcobac-
terium tuberculosis.

1. Prescott. B., Kauffmann, G., and James, W. D..
Proc. Soc. Exp. Bror. axp MEkp., 1954, v86, 682.

2. A M AL Arch. Indust. Health, 1956, v13,
24,

3. Mueller, M., Vierteljahrsschr. gerichtl. Med. u.

PorruYRINS FROM ALA

offentl. Sanitatsw. Bd. II, 1869. In Glycerol, Miner,
C. S., and Dalton, N. N,, eds., Reinhold Publ. Corp.
N. Y. 1953, (p400) A.C.S. Monogr. #117.

4. Rosenau, M. J., Hygienic Lab. Bull., 16, 1903.

5. Locatelli, A. M., and Bowden, S., Pharmaceutical
J., 1941, v146, 251.

6. Wood, E. H., Clin. Med., 1943, v30, 231.

7. Fisher, M. W., Am. Rev. Tuberc., 1948, v57, 58.

8. Montestruc, E., and Garcin, D., Arch. Inst. Past.
de la Martinique, 1955, v8, 48.

9. Johnson, V., Carlson, A. J., and Johnson, A,
Am. J. Physiol., 1933, v103, 517.

10. Prescott, B., Kauffmann, G., and James, W. D,,
Proc. Soc. Exp. Bror. aNp MED., 1953, v84, 704.

11. Willis, H. S., and Cummings, M. M., Diagnostic
and Experimental Methods in Tuberculosis, Charles
C. Thomas, Springfield, Ill,, Sec. ed., 1952.

12. Long, E. R, and Finner, L. L., Am. Rev.
Tuberc., 1927, v16, 523.

13. Prinz, M. V. H., Can. Pharm. J., 1942, V75,
124,

Received November 7, 1956. P.S.E.B.M., 1957, v94.

Formation of Porphyrin from Delta-Aminolevulenic Acid by Uterine and

Liver Tissue from Laying Hens.*

Dox~xawp Porix.

(22919)

(Introduced by H. Robinson)

Merck Institute for Therapeutic Research, Rahway, N. J.

A variety of avian tissues and organs are
capable of forming porphyrins, in vitro, from
delta-aminolevulenic acid (ALA): namely.
chicken erythrocytes(1,2), duck erythrocytes
(2,3), pigeon liver and breast muscle(4).
The uterus of the hen has not been similarly
characterized, and would be a likely organ to
form porphyrin from ALA, in vitro, as odpor-
phyrin is deposited on the egg shell within this
organ.

Methods and materials. White Leghorns.
which lay white eggs. and Crossbreeds and
New Hampshires, which lay brown eggs of
varying shade, were used in these experiments.
At a time when no egg was in the uterus. birds
were killed by decapitation and uterus, por-
tions of liver and of breast muscle were re-
moved immediately and placed on crushed

*Part of this paper was presented at Poultry
Science Meeting, Aug., 1956.

ice. In a cold room (6°C), 1 g tissue was
homogenized in a mortar containing coarse
sand and 4 successive 5 ml aliquots of buf-
fered saline solution, pH 7.2(5). After each
grinding supernatant solution was decanted
into a 25 ml graduate, and finally contents
of the mortar were rinsed into the graduate
with buffered-saline and diluted to 25 ml.
The graduate was stoppered, the contents
mixed and allowed to stand in crushed ice for
5-10 minutes. Aliquots of 0.2, 0.4, 0.8 and
1.6 ml (equivalent to 8, 16, 32 and 64 mg of
tissue) from the upper half of the graduate
were pipetted into tubes containing 1.4 ml
of 0.008 M ALA in buffered-saline. One tube
containing 1.6 ml of solution but no ALA, and
another tube without the solution but with
ALA were used as controls. All tubes were
made up to 4.4 ml with buffered-saline,
capped and incubated at 41°C for 24 hours.
Each series of tubes was run in duplicate.
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After incubation, 5 ml of concentrated HCI
were added to each tube. After 2 hours the
contents were transferred to 15 ml conical
centrifuge tubes with washings of buffered-
saline. The volumes were made up to 12 cc
with buffered-saline, and the tubes centri-
fuged. An aliquot of each tube was diluted
with 3N HCI and read in the Beckman DU
spectrophotometer against a control blank at
408 my and also at 382 and 432 my to obtain
corrected density. Concentration of porphy-
rin was determined from a standard protopor-
phyrin curve. In experiments in which por-
phyrins were characterized, the incubated so-
lution was first extracted with 4:1 ethyl
acetate-glacial acetic acid until no further
fluorescence could be observed in extracts ex-
amined under UV light. If porphyrins re-
mained in the precipitate of the incubated so-
lution, they were removed with 3N HCI wash-
ings. The acid washings were neutralized
with saturated sodium acetate, extracted
with ethyl acetate-acetic acid and added to
porphyrin already obtained. Porphyrins were
fractionated by the procedure of Dresel and
Falk(2). Porphyrin was obtained from
brown egg shells by dissolving the shells in
3N HCI and filtering the solution through
Whatman #1 paper. The acid solution was
adjusted to pH 4.8-5.5 with saturated sodium
acetate, the odporphyrin extracted with ethyl
acetate-acetic acid, and fractionated(2). Ab-
sorption curves were determined on this otpor-
phyrin and on the porphyrins formed in vitro
by supernatant solutions prepared from uter-
ine tissues.

Results. Exp. 1. Supernatant preparations
of liver and uterine tissues from hens laying
brown eggs formed a considerable amount of
porphyrins from ALA; whereas muscle prepa-
rations produced only trace amounts (Fig. 1).
A linear relationship existed between amount
of porphyrins formed and amount of tissue
used, over the range studied. Regression equa-
tions (Fig. 1) were calculated from the data,
and it was determined that 100 mg of uter-
ine tissue, wet weight, formed 132 y of por-
phyrins as compared to 62.5 y by liver tissue
{expressed in equivalents of protoporphyrin).

Exp. 2. Uterine and liver tissue prepara-
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FIG. 1. Amount of porphyrin formed by uterine,

liver and muscle tissues, from laying hens, incubated

at 41°C for 24 hr in 4.4 ml buffered-saline, pH 7.2,

containing 41 mg/ml of delta-aminolevulenic acid.

Y=-59+ 138X (X=mg uterine tissue); Y =
—8.3 + .708X (X = mg liver tissue).

tions from hens that laid white eggs formed
as much porphyrin as similar tissue from
hens that laid brown eggs (Tables I and II).
There was considerable variation between
hens in porphyrin-forming capacity of these
tissues, but for each hen, there was a rela-
tively constant ratio of approximately 2:1 for
the amount of porphyrin formed per unit wet
weight of uterine tissue as compared to liver.
As shown in Table I, this ratio is approxi-
mately the same whether computed from ra-
tio of slopes, buterus/buver Of regression equa-
tions or as a ratio of porphyrins formed per
100 mg tissue (obtained by extrapolation of
regression equations).

TABLE I. Amount of Porphyrin Formed by Su-
pernatant Preparations of Uterine and Liver Tis-
sue from Hens Laying Brown or White Eggs.

~ porphyrins/100 mg tis- Ratio of
sue, wet wt—caleulated regres-
from regression equations sion
; —  slopes
Glandular
Bird type tissue of Uterus  buterus
and No. uterus Liver Liver DBiiver
Brownegg 1 132.8 62.5 212 1.97
layer 2 101.7 55.0 185 L77
3 105.2 53.8 1.96 1.88
Whiteegg 1 116.8 61.6 1.90 1.74
layer 2 305.8 145.2  2.11 2.31
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TABLE II. Porphyrin Forming Capacity of Supernatant Preparations of Uterine Tissue from
Hens Laying Either a White, Tinted, or Brown Egg.

——— Brown egg layers —— ,—— Tinted brown egg layers — ,——White egg layers——

Porphyrin, Porphyrin, Porphyrin,
/100 mg /100 mg ~/100 mg
Breed uterine tissue Breed uterine tissue Breed uterine tissue
XNew Hampshire  138.2 New Hampshire 105.2 White Leghorn 99.6
? ” 132.8 Crossbreed 175.3 ” ” 429.0
” ” 101.7 White Plymouth Rock  238.5 ” ” 260.8
” ” 192.8 ” " ” 271.9 ” ? 214.0

Exp. 3. Porphyrins formed in vitro, had
an absorption curve similar to that of o6por-
phyrin (Fig. 2), but with maximum peak at
407-408 mu and another at 480 mu. These
porphyrins could be fractionated into 3 com-
ponents tentatively identified as uro-, copro-
and protoporphyrin. Uroporphyrin had an
absorption peak at 405-407 mp in 0.6N HC],
and comprised 914 =+ 1.49% (mean -+
S.E.M.) of porphyrins extracted. Copropor-
phyrin, with absorption peak at 401 mp in
12N HCI, was present in trace amounts (.5
=+ .18%), and protoporphyrin, with absorp-
tion peak at 407-408 mp in 3N HCl ac-
counted for 9.7 £ 0.98%. These results are
based upon analyses of tissue from 7 different
hens.

Two to 3 g samples of uterine glandular
tissue, from hens that laid brown eggs, were
extracted for porphyrins, in the dark for 18
hours. The amount of porphyrins found in
5 different uteri ranged from 1.1 to 15.5 v/g
(mean = 6.9 v,/g) of uterine tissue. Parti-
tion of the porphyrins showed that a proto-
porphyrin-type compound (with the same
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FIG. 2. Absorption spectra of porphyrin from egg
shell (max. 410 mp) and porphyrins formed by uter-
ine tissue supernatants (max. 408 mgu), both in 3N
HCl. Measurements were made with a Beckman DU
spectrophotometer. Cell thickness, 1 cm.

characteristics as shell porphyrin) comprised
97.1% of the total; whereas coproporphyrin
accounted for the remainder.

Discussion. Investigators have suggested
that shell porphyrins on the hen’s egg are de-
rived by hemoglobin degradation when eryth-
rocytes are ruptured in the uterus, and pig-
ment masses excreted onto shell(6). Al-
though hemoglobin degradation to porphyrin
cannot be excluded as a source for shell pro-
toporphyrin, this pathway has not been
proved. In fact, data indicate that hemo-
globin degradates to bile pigments, in vivo
(7), while protoporphyrin is formed via heme
synthesis(8,9).

Porphyrins are synthesized in a cycle of
which ALA is an intermediate(8,9). Uterine
tissue contains considerable capacity for
transforming ALA to porphyrins, in vitro, and
it is suggested this tissue forms shell porphy-
rins via this cycle. The avian red cell can
form protoporphyrin from ALA both in vitro
(1.3) and = vivo(8,9), and may possibly
contribute to the shell porphyrin pool in this
manner, rather than by degradation of hemo-
¢lobin as suggested(7).

Most interesting is the fact that uterine
tissue of a hen that laid a white egg, whose
shell contained less than 10 y of oGporphyrin,
forms as much porphyrin, i vitro, from ALA
as uterine tissue from a hen that laid a
brown egg, the shell of which contained as
much as 100 to 350 y odoporphyrin. There is
a possibility that ALA, or a precursor to ALA,
is limiting in uterine tissue of the hem that
lays a white egg, and this may account for
the very small amount of oSporphyrin on the
shell.

Sample preparations and substrate concen-
trations(2), in addition to other unknown
factors, may account for dissimilarity in type
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of porphyrins formed in vitro as compared to
those formed iz wivo. Uroporphyrin-like
compounds are formed predominately by
preparations of uterine tissue; whereas, al-
most all porphyrin deposited on shell and
found in intact uterine tissue is a protopor-
phyrin-type compound. Some copropor-
phyrin, 0.2 y/g of uterine tissue, is also found.

Summary. 1. Uterine tissue, from white
or brown egg-laying hens, forms twice as much
porphyrin, in vitro, from delta-aminolevu-
lenic acid as liver tissue. Supernatant prepa-
rations of uterine tissue form predominately
uroporphyrin, small amounts of protoporphy-
rin, and trace amounts of coproporphyrin
from delta-aminolevulenic acid. These com-
pounds were tentatively identified by their
behavior in the fractionation procedure used
and by their absorption curves. 2. Odpor-
phyrin and coproporphyrin were extracted
from the glandular tissue of the uterus ef lay-
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Role of Lipid in Hemagglutination by Candida albicans and Saccharomyces

cerevisiae.*
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(Introduced by J. H. Peters)
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Bacteriology, Emory University School of Medicine.

An erythrocyte sensitizing antigen (ESS)
from saline washings of bead-disrupted Can-
dida albicans and Saccharomyces cerevisiae
has recently been described(1). The activity
of the antigen was measured in the hemagglu-
tination reaction in which simple admixture
of erythrocytes with polysaccharides leads to
acquisition of immunologic activity by the
red cells as demonstrated by their agglutina-
tion in homologous antiserum. In addition to
such activity these preparations were noted
to possess immunologic precipitating proper-
ties while on the basis of positive Molisch

* The author is indebted to Mary E. Collins for
technical assistance and to Dr. Morris Tager, Chair-
man, and Dr. Frank Lanni, Emory University School
of Medicine, for many helpful suggestions.

Pancreatic extract, lot # 8279-3 was kindly sup-
plied by Dr. Kenneth W. Thompson, Medical Direc-
tor, Organon Inc.

tests and negative Biuret tests they were char-
acterized essentially as polysaccharide. Re-
cent observations have shown that occasion-
ally the erythrocyte sensitizing activity of an
antigen may disappear spontaneously on
standing while its precipitating activity re-
mains unchanged.

In the experiments reported below it is
proposed that saline extracts from these or-
ganisms, with the overall properties of poly-
saccharides, contain lipid which is necessary
for the sensitization of red cells. The current
interest in the pyrogenic, endotoxic and he-
magglutinative properties of the lipopolysac-
charides from Gram-negative bacteria(2,3)
makes the findings reported below of anti-
genic compounds believed to be lipopolysac-
charide isolated from yeast and yeast-like
organisms of considerable interest.

Materials and methods. Antigen prepara-



