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ing substance) concentration in the allantoic
fluid can be observed. while the potassium
level is noticeably lowered. These alterna-
tions in electrolyte and sugar elimination may
have some bearing upon the high mortality
rate of such embryos. Addition of Tyrode's
solution. consisting of physiological saline and
glucose. to cortisone injected embryvos raises
slightly their survival rate. The results in-
dicate a compensation therapyv effect of the
solution on embryos under conditions of in-
creased sodium. chloride and sugar excretion.

Summary. 1) Single injections of 1 mg’
egg of cortisone on the chorio-allantoic mem-
brane of chick embrvos produce a striking and
specific syndrome: mortality of the embryvos
iz highly increased. growth of surviving em-
bryos is markedly retarded and characteristic
developmental modifications are produced:
electrolytes and sugar metabolisms are dis-
turbed. 2) Simultaneous administration of
Tyrode's solution, consisting of saline and
glucose. to such embryos brings about a slight
rise in survival rate of embryos. owing prob-
ably to its compensation therapy effect upon
loss of sodium chloride and sugar (reducing
substance). 3) Treatment of cortisone-in-
jected embryos with growth hormone (STH)
results in striking alleviation of most of the
cortisone caused changes. Mortality rate is
lowered almost to the level of that occurring
spontaneously during incubation: inhibition
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of growth as well as many deleterious modifi-
cations are successfully counteracted. 4)
Various aspects of the interaction of hor-
mones applied are discussed and the conclu-
sion is reached that the action of growth hor-
mone is antagonistic to that of cortisone.
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Metabolism of Lactic Acid and Glycerol in C!*-Glyceryl Lactopalmitate.*
(23786)

HerBErT McKENNIS, Jr., L. B. Turnsurr, H. B. Haac aNp P. S. LarsoN
Department of Pharmacology, Medical College of Virginia, Richmond

The metabolism of acylated glvcerol to
carbon dioxide and water, in the light of cur-
rent knowledge depends upon the intermedi-
ate formation of free or deacylated glycerol.
Similarly. metabolism of fatty acids esterified

* A preliminary report was presented at meeting
of Am. Soc. Pharm. and Exp. Therap., Chicago, I,
Apr. 16, 1957. Clt.compounds were obtained under
TU. S. Atomic Energy Commission License 43481.

with glycerol is dependent upon hydrolysis.
The hydrolysis rates of glyceryl esters thus
become a variable, along with absorption
rates and possible transesterifications, deter-
mining the catabolism of glycerol. Karnov-
sky and Gidez(1,2) compared the appearance
of CO; from the metabolism, in rats, of C*-
glycerol esterified with various acids. Esteri-
fication with oleic acid decreased the rate at
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which carbon dioxide was eliminated from the
labelled glycerol. No other essential differ-
ence in metabolism was reported. The rapid-
ity with which carbon dioxide is eliminated
from ingested glycerol(1,2) affords then, a
convenient method for determining whether or
not synthetic or natural glycerides are effec-
tively utilized for energy yielding reactions.
When glycerol is esterified by fusion with
equimolar quantities of lactic acid and pal-
mitic acid an ester preparation with emulsify-
ing properties is formed. The preparation,
glycery! lactopalmitate, would be expected to
contain glycerol-lactic acid ester linkages,
which have never been identified as naturally
occurring, although there is some evidence
that pancreatic enzymes can form esters from
lactic acid(3). In consequence, a study of
glyceryl lactopalmitate has been conducted
in vitro, and in vivo with the aid of glycerol-
1,3-C* and lactic acid-2-C!4,

Materials and methods. Glyceryl lacto-2-
C'-palmitate was prepared by fusion of gly-
cerol (1M) and lactic acid (1M) and palmitic
acid (1M). Sodium lactate (specific activity
0.82 mc/mM, Isotope Specialties, Inc.); was
equilibrated with 80 percent lactic acid prior
to esterification to introduce the carbon label.
The resulting ester preparation had a saponi-
fication number 269, acid number 1.8, and a
radioactivity 3.86 x 10® disintegrations per
minute per g.t Glyceryl-1,3-C'*-lactopalmi-
tate was prepared from glycerol-1,3-C'* (Re-
search Specialties Company) after equilibra-
tion with 95 percent glycerol prior to forma-
tion of the ester (saponification number 255,
acid number 8.1, 4.17 x 10!° disintegrations
per minute per g). The radioactive esters dis-
solved in warm olive oil were administered by
intubation to mongrel dogs and albino (Wis-
tar strain) rats. Expired carbon dioxide was
collected in sodium hydroxide scrubbers from
rats which were maintained in glass metabol-
ism cages. Lymph and blood samples were
assayed for lactic acid by method of Barker
and Summerson(4). Radioactive lactate was
oxidized to acetaldehyde by a modification of
the method of Lucus(5) and then collected as

t Counts were obtained on infinitely thick samples

using a Libby anticoincidence counter, ¢f. Libby,
W. F., American Scientist, 1946, v44, 98.
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the dimedon derivative(6) which is conven-
iently counted. Samples of blood or lymph
were analyzed before and after incubation (as
noted in the tables). The acetaldehyde from
oxidation of lactate (and that present before
oxidation) was obtained as follows: One
hundred ml of aliquot from the deproteiniza-
tion of whole blood or lymph (1 ml of blood
diluted to 10 ml) was placed in a 500 ml
Kjeldahl flask with cold finger reflux con-
denser and addition tube drawn to a capillary
tip. To this was added 10 ml of solution con-
taining carrier (100 mg lithium lactate) and
5 ml of catalyst (0.05M iodine monochloride).
The solution was brought to a boil, and 20 ml
of N/5 ceric sulfate in N/2 sulfuric acid was
added dropwise over a 15-20 minute period.
Air was slowly aspirated through the flask dur-
ing the period, and the entrained acetaldehyde
was collected in 2 absorption towers contain-
ing 100 ml each of 0.4% dimedon adjusted to
pH 6.0(6). After a total absorption time of
14 hour, the solutions in the towers were com-
bined and then acidified to pH 3.9 with acetic
acid. The precipitated dimedon addition
product was removed by filtration, washed
with water, dried at 80°C and weighed. Ra-
dioactivity was then determined. Confirma-
tion of the radioactivity of isolated samples
was achieved by recrystallization (m.p. 137-
139°C) and conversion to 2,2,7,7,9-pentame-
thyl-4,5-dioxo-octahydroxanthene. Fecal ra-
dioactivity was determined on oven dried
(99°C) samples. Urinary radioactivity was
determined on dried samples made alkaline
with an excess of sodium hydroxide before
evaporation. Nonenzymatic hydrolysis of
glyceryl monolactate (acetyl value 574, acid
number 10.7, saponification number 350) was
determined by dissolving 0.1263 g of ester in
300 ml of water at pH 7.3. The pH of the
solution was maintained automatically at 7.3
by additions of 0.04593 N sodium hydroxide
from a Beckman automatic titrator in an at-
mosphere of nitrogen. Concentrations of es-
ter were calculated from alkali consumption
during the reaction, at 30°C. Enzymatic hy-
drolysis of glyceryl lactopalmitate was deter-
mined by shaking a mixture containing 0.1211
g glyceryl lactopalmitate, 0.05 g lipase (Ste-
apsin, Nutritional Biochemicals Corp.). 10
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TABLE I. Distribution of Lactate-2-C* following
Administration of Glyceryl Lacto-2-C4-Palmitate*
to 20 kg Male Dog.

Thoracic  Duct lymph, % ad-
vol lymph,  min. lactate in
Time, hr ml Iymph collected
0 - 1 0 041
14-11 38 .10
11-4 60 034

Blood (after 44 hr incubation), %

admin. lactate in total body hlood+t
£ 2,43
1.31
.10

o

)

* 10 g glveeryl lnctopalmitate in 30 g olive oil by
stomach tubwe,

t Caleulated from relation
hody wt.

Blood vol = .78 X

ml hexane. 35 ml 2M sodium acetate in 123
ml pyrex g.s. bottle at 29-30°C. At the end
of the incubation period, 125 mil of neutral
959 ethanol was added to the reaction mix-
ture which was then titrated to the phenoph-
thalein end point with 0.05 N sodium hy-
droxide. The percentage hydrolysis was cal-
culated from the alkali consumption less con-
trol titrations of mixtures incubated without
substrate.

Results. In preliminary studies with dogs.
attempt was made to correlate the appearance
of lactic acid and its esters in the lymph from
the thoracic duct? with the intestinal absorp-
tion of the administered unlabelled glyceryl
lactopaimitate. Polyethylene or siliconized
glass cannulas were employed in these experi-
ments. Minor adjustments in the position of
the cannula, such as may be influenced by the
postural habits of the dog, led to considerable
variations in flow rate. Thus. effluent sam-
ples may represent lymph that is considerably
changed in its chemical composition due prob-
ably to some stasis in the duct or cannula.
In a duplicate determination, a heparinized
sample of lymph from the thoracic duct (ini-
tial lactic acid content 101-102 mg/100 ml)
after incubation at 37.5° for four and one-half
hours increased its lactic acid content to 315-
316 mg 100 ml; these results indicated that
a variety of artifacts would make interpreta-
tion of lactic acid content of lymph difficult
unless isotopically labelled material were em-

{ The authors thank Dr. L. E. Edwards for his
kind assistance.
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ployed.

A male dog (2.0 kg) was given 10 g of gly-
ceryl lacto-2-C*-palmitate in 30 g of olive oil
by stomach tube. Samples of blood and lymph
were collected and analyzed for radioactive
lactate. The results of these determinations
(Table I) indicate that some digestion and
absorption of glyceryl lactopalmitate (pres-
ence of radioactive lactate in lymph) had
taken place within one-half hour after admin-
istration of the ester. Since the radioactivity
levels in both blood and lymph rose during
the first one-two hour period and then fell,
metabolism of the ester was indicated. Con-
firmation of this point was then sought on
rats where collection of expired air is easily
accomplished.

Following administration of glyceryl-lacto-
2-Ct.palmitate to rats, elimination of radio-
active carbon dioxide was detected for periods
as long as forty-eight hours (Table II). The
dose of fat employed seems to have been well-
tolerated in view of the small (1.4%) amount
of fecal loss and absence of diarrhea.

C', after administration of glyceryl-1-3-
C'*-lactopalmitate to rats, was also eliminated
predominantly in the form of respiratory car-
bon dioxide. This, together with the similar
elimination from glycerol administered in the
unesterified form, serves to confirm previous
data(1,2). A definite conclusion on compara-
tive rates of oxidation of free and esterified
glycerol would require studies on a larger se-
ries of animals. Fecal losses are of the same
order of magnitude (Table III) irrespective
of the type of radioactivity administered.
Since the percent of radioactivity recovered in
the feces is essentially the same in animals re-
ceiving radioactive glycerol as in the animals
receiving equimolar doses of glycerol-1,3-C1-
lactopalmitate, good absorption of the syn-
thetic fat is again indicated.

Since both glycerol and lactic acid were
metabolized following administration of gly-
ceryl lactopalmitate it is presumed that hy-
drolysis of the ester linkages from both acids
has taken place. Hydrolysis of glyceryl lac-
topalmitate was carried out iz vitro with com-
mercial samples of calf lipase. In a 4-hour
period hydrolysis had taken place to the ex-
tent of 32%. In 24 hours, seventy-five per-
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TABLE II. Metabolism of Glyceryl Lacto-2-C*-Palmitate in Female Rats.
———————— Percent of dose eliminated in expired air ———

—————Between hr intervals—— Final Final
Wt,g  Dose,*ml 0-6 9 12 21 48 urine  feces  Total
240 3 12.2 7.2 19.4
240 3 21.4 16.7 1.4 39.5
250 3 20.4 20.4

5 hr
263 3 11.2 11.2
275 3.3 18.9 18.9
13 hr

290 34 24.6 7.9 32.5
300 3.6 41.6 9.2 3.9 14 56.1
390 4.7 51.3 4.7 4.4 60.4

* 10 g of glyceryl lacto-2-C*-palmitate dissolved in 30 + g of olive oil.

sayed 2.01 X 10° dpm.

1 ml of solution as-

TABLE ITI, Metabolism of Glyceryl-1,3-C*-Lactopalmitate in Male Rats.

———Percent of dose eliminated in expired air———

——Between hr intervals——  Final Final

Wt, g Compound 0-6 9 21 311% 48 urine feces Total
5114 hr

190 Glyeeryl-1,3-C*-lactopalmitate*® 464 196 7.5 4.2 6.2 14 85.3

180 Idem 27.5 31.6 9.2 3.8 91 73.0

243 .88 ml olive oil, 50 mg glycerol 431 35.3 4.6 4.3 1.4 88.7

213 Idemt 43.8 27.0 4.5 3.6 17 80.6

* Radioactive ester (10 g) was dissolved in
solution contained by assay 7.77 X 10° dpm.

30 g olive oil, as in previous series. One ml of

t 3.83 X 107 dpm glycerol. Total free glycerol present equals amount of glyeerol present as

ester in the dose of glyceryl lactopalmitate.

cent hydrolysis was achieved. This latter hy-
drolysis demonstrates the cleavage of both
palmitic and lactic acid ester linkages and
confirms the interpretation made from the
tracer studies. In the absence of enzyme no
significant hydrolysis was observed. Hy-
drolysis of glyceryl lactate proceeds to a sig-
nificant degree at pH 7.3 in the absence of
enzyme. In the titration study, 50% of the
product underwent hydrolysis in 550 minutes.
Further experimentation would be required to
determine whether or not the hydrolysis of
glyceryl lactate ester linkages is enzymati-
cally controlled in vivo.

Summary. 1. The fate of lactic acid-2-C*
following administration of glyceryl lacto-2-
C't-palmitate was studied by converting lac-
tate from blood or lymph to acetaldehyde
which was counted as the dimedon derivative
and as 2,2,7,7,9-pentamethyl-4,5-dioxo-octa-
hydroxanthene. 2. The lactic acid content of
lymph samples from the thoracic duct of the
dog is subject to variation which arises from
the speed with which samples are obtained

through a cannula. 3. Appearance of radio-
active CO, in the expired air of rats following
the administration of glyceryl lacto-2-C%-
palmitate or glyceryl-1,3-C!*-lactopalmitate,
as well as the low fecal radioactivities, indi-
cates a high degree of utilization of the fat.
4. In comparison with glycerol and glyceryl
esters the metabolism of glyceryl-1-3-C!%-lac-
topalmitate, as determined by the radioac-
tivity of expired CO,, follows a path consis-
tent with that expected from a normal ester
of glycerol.
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