COAGULATION OF

that in paper electrophoresis, chylomicrons
remained around the starting point while lipo-
microns migrated with the beta-globulins.
Since lipomicrons would probably be dena-
tured by lyophilization it is possible that the
increase in the cholesterol remaining around
the starting point in the lyophilized sera may
represent denatured lipomicrons.

The results which have been presented sug-
gest that the cholesterol which is extracted
by cold chloroform from lyophilized serum
is primarily that present as a constituent of
lipo- and chylomicrons. Additional work,
however, is necessary to establish this. It is
interesting that Albrink, Man and Peters(11)
found that the neutral fat which was removed
by centrifugation at 18,000 rpm for 1 hour
from clear and lactescent sera having total
cholesterol values above 300 mg per 100 ml
varied from 16.8 to 478 mEq per liter while
the amount remaining in the subnatant varied
only from 10 to 34 mEq per liter. They as-
sume that the lipids which rose to the surface
ranged from 0.1 x in diameter, the size just
sufficient to scatter light(12) to 1 p, the size
of larger chylomicrons. Any cholesterol as-
sociated with this material undoubtedly would
be included in our REC fraction.

Summary. Lyophilization of serum has
been shown markedly to retard electropho-
retic migration of some of the cholesterol
normally associated with the beta-globulin
area but to exert little effect on the choles-
terol associated with the albumin - alpha,-
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globulins. The cholesterol which is extracted
by cold chloroform from lyophilized serum
comes primarily from that fraction normally
found in the beta-globulin area or which re-
mained around the starting point. It is sug-
gested that the cholesterol thus removed rep-
resents primarily cholesterol which is asso-
ciated with lipo- and chylomicrons.
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Coagulation of Salivary Mucoid by Freezing and Thawing of Saliva.* (22329)
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(Introduced by J. F. Volker.)
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Salivary mucoid,t especially when freshly
obtained, may be readily precipitated in the

*This study was supported by funds provided
under contract AF 18(600)-623 with the USAF
School of Aviation Medicine, Randolph Field, Texas.

t The terminology suggested by Meyer(1) is used
throughout this report.

form of a coagulum by the addition of dilute
acid to the mucoid-containing fluid(2-4).
This characteristic has been used to identify
and to prepare mucoid of salivary gland
origin(2-5).

It has now been observed that freezing of
chemically untreated mucoid-containing saliv-
ary secretions. for varied periods of time re-
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sults in the formation of a persisting coagu-
lum when the secretion is thawed. This coag-
ulum, or clot, generally resembles in appear-
ance the mucin clot formed in response to the
addition of acid. Evidence from viscosity
measurements, response to dilute acetic acid,
and analyses of “‘sialic acid” indicates that
the coagulum formed after freezing and thaw-
ing is derived from the salivary mucoid.

Methods. Total saliva and the separate
salivary secretions were collected by proced-
ures described previously(6,7). Chemical
Methods. The mucin clot test for the pres-
ence of polymerized mucoid was performed by
adding 2 volumes of 3% acetic acid to one
volume of saliva. “Sialic acid”, which ap-
pears to represent the principal constituent of
the carbohydrate moiety of the mucoid(4),
was detected by the direct Ehrlich reaction
according to the method of Werner and Odin
(8). Since for this investigation onlv the
direction of change in *sialic acid” concentra-
tion resulting from removal of the clot follow-
ing freeze-thaw treatment is of importance,
only relative concentrations of “sialic acid”
(in terms of optical densities measured at
5650 A in the Coleman spectrophotometer)
are indicated. For amylase determinations,
salivary samples were diluted 1:1000 with
.025 N sodium chloride buffered to pH 6.9
with .01 M sodium phosphate. The reaction
mixture consisted of 1.0 ml buffered .025 ¥
sodium chloride, 1.0 ml stock soluble starch
solution(9), and 0.5 ml diluted saliva. Di-
gestion was for 15 minutes at 37.0°C. En-
zyme activity is expressed in terms of milli-
grams of reducing sugar x 10 formed from
10 mg of substrate under these conditions.
The method of Myers. Free, and Rosinski(9)
was used for determination of reducing sugar.
Physical methods. Freezing of saliva samples
was accomplished either by immersion of a
pyrex container in a dry ice-acetone mixture
at ~60 to —70°C or by placing at -10°C in
the freezing compartment of a refrigerator.
In each case the method and duration of freez-
ing are stated. Thawing took place at room
temperature (22-25°C) in all cases. Saliva
it not a true Newtonian fluid; consequently
the rate of flow of salivary fluid through a
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narrow bore tube in response to a difference
in pressure may, to some degree, reflect the
influence of physical characteristics other
than viscosity. Nonetheless, it is generally
true that this resistance to flow results prin-
cipally from the presence of polymerized sa-
livary mucoid and decreases when the mucoid
is depolymerized(10,11) or removed as by
acid clotting. With the reservations imposed
by the nature of the salivary fluid clearly
recognized, therefore, viscosity measurements
may be used to reflect grossly the concentra-
tion of polymerized salivary mucoid(11,12).
In this investigation, viscosity measurements
were made using graduated capillary pipettes
held vertical in matched test tubes containing
2 ml of salivary fluid. The pipettes were cali-
brated by observing emptying times for a
40% sucrose solution.

Results. 'The appearance of a persisting
clot in fresh samples of frozen and thawed,
but otherwise untreated, total mixed, sub-
maxillary and sublingual salivas has been ob-
served using more than 200 secretion samples
from at least 40 individual subjects. The clot
appears in the mucoid-containing secretions
within 2 minutes if dry ice is emploved for
the freezing stage. That the clot formed
after thawing is derived from the mucoid is
indicated by observations resulting from 3
types of experiments. In the first type, dilute
acetic acid was added to an untreated aliquot
of a submaxillary secretion sample and to the
supernatant fluid of a frozen-thawed aliquot
at the same time after collection of the
sample. Fig. 1 shows clearly the mucin clot
which formed in the control and that no clot
or precipitate appeared in the supernatant of
the frozen-thawed aliquot.

The viscosity of a sample of submaxillary
saliva standing at room temperature (25°C)
may decrease by 50% within 40 minutes after
collection (Table I). This effect has been
attributed to nonenzymatic(10) and enzy-
matic(13) depolymerization processes. Freez-
ing and thawing of an aliquot of the sub-
maxillary saliva sample followed by removal
of the resulting clot leads to an even more
marked reduction of viscosity than is observed
for the control aliquot within the same time
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FIG. 1. Effect of addition of dilute acetic acid to
an untreated aliquot (A) and to supernatant fluid
of a frozen-thawed aliquot (B) of a submaxillary
secretion sample 40 min. after collection. Note ab-
sence of acid-induced clot in (B), indicating de-
crease in polvmerized muecoid in supernatant after
freezing at —60°C for 2 min. and subsequent thaw-
ing at 25°C.

period after collection and indicates significant
added loss of polymerized mucoid from solu-
tion as a result of the freeze-thaw treatment
{Table I).

A third line of investigation which indicates
that the clot which appears following thawing

is derived from mucoid consists of comparing "

“sialic acid” values of sample aliquots which
are untreated and those from which the clot
appearing after freezing and thawing has been
removed. “Sialic acid” is a major constitu-
ent of submaxillary mucoid and represents
25-30% of its dry weight(4). As shown by
the data given in Table II, a marked decrease
in “sialic acid” occurs in those aliquots sub-
mitted to freezing and thawing followed by
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TABLE I. Effeet of Freezing and Thawing on
Viscosity of Submaxillary Seeretion Samples.

Sample I Sample IT

Centipoises
Initial viscosity 9.2 134
Final viseosity* (no 6.7 6.6
freeze-thaw) .
Final viscosity* (after 2.4 1.8

freeze-thawt)

* Final viscosity was determined 40 min. after
initial viseosity determination. Except for period
of freezing (where indicated), aliquots were kept
at 25°C.

t Frozen by immersion in dry ice-acetone mix-
ture at —60°C for approximately 2 min., thawed
at 25°C, centrifuged, and clot discarded.

removal of the resulting clot (Table II).

It may be noted also that clot formation
after freezing and thawing is not observed
with parotid secretion samples. The “sialic
acid” analysis for a parotid secretion sample
noted in Table II suggests the absence of
“sialic acid” from this secretion. These ob-
servations are consistent and further indicate
that the clot resulting from freezing and thaw-
ing of saliva samples is derived from the saliv-
ary muceid.

TABLE II. Effect of Freezing and Thawing on
Relative Concentration of Sialic Aeid in Salivary
Secretion Fluids.

Aliquot I Aliquot IT
Sub- (frozen-
ject Sample (untreated)* thawed)
Optical density X 10°
HFt Submaxillary 14 5
” 14 5
FBi Parotid 0
Sublingual 34
Submaxillary 17 7
LS§ ” 15 3
LL$ ” 43 7

* Untreated aliquots kept at 25°C before anal-
ysis.

t Aliquots T and II were submitted to analysis
simultaneously 40 min. after collection of sample.
Before analysis, Aliquots IT were frozen 2 min, in
dry ice-acetone mixture, thawed at room tempera-
ture, centrifuged and the clots disecarded.

1 Aliquots I were submitted to analysis within
30 min. after sample collection. Aliquot II (sub-
maxillary sample) was submitted to analysis after
freezing for 1 hr at —10°C and thawing at room
temperature. .

§ Aliquot I was submitted to analysis immed-
iately after collection of the sample. Aliquot II
was frozen 24 hr at -10°C and thawed at room
temperature before analysis.
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The extent to which the concentration of
substances, other than mucoid, may be modi-
fied in the salivary fluid by inclusion in the
coagulum has been estimated at this time
only for the protein enzyme amylase. The
data in Table III indicate that the amylase
concentration of the salivary fluid is not ap-
preciably modified either by the freezing and
thawing procedure or by removal of the clot
resulting from this procedure (Table III).

Discussion. Gore has reported that stimu-
lated total or mandibular (mixed submaxil-
lary-sublingual) saliva shows some opacity at
collection and that on standing at 37°C for
one hour appreciable precipitate, presumably
of mucoid material, appears and settles out
(14-16). This effect may possibly be ascribed
to the action of a contaminating mucinase
(12,13). The separate submaxillary secre-
tion obtained for the experiments reported
here not only has shown no opacity on collec-
tion but generally shows only slight turbidity
even after standing for two hours at 25 or
37°C. For the clear delineation of the freeze-
thaw effect, therefore, separate submaxillary
secretion has generally been used.

The observation that a persisting clot ap-
pears after thawing of frozen fresh, mucoid-
containing saliva samples and the experimen-
tal data which show clearly that this clot is
derived from salivary mucoid may have ap-
plication from several points of view, First,
it is customary and convenient to freeze tissue
or fluid samples for storage before analysis.
In the case of saliva samples, care must be
taken to determine that such treatment does
not alter the composition relative to the analy-
sis in question. Second, freezing and thaw-
ing may provide a convenient method for re-
ducing the viscosity of the mucus gland secre-
tions especially in cases where this does not
alter the concentration of other components.
In addition, the freeze-thaw method may
prove useful as a gentle procedure for the
preparation of mucoid. This method has
been used successfully for the preparation of
fibrinogen of extreme purity(17). The purity
of salivary mucoid separated by freezing and
thawing has not been determined, particularly
because of difficulties involved in establishing
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TABLE III. Effeet of Freezing and Thawing of
Saliva Samples on Their Amylase Activity, 5 sub-
jeets.

Amylase activity*——
Frozen-thawed

e

TUnfrozen aliquot aliquot
Immed. After Clot
after 24 hr Clot resus-
Secretion  collection at4°C  removed pended
Submaxillary 2.2 2.2 2.3 2.5
Parotid 7.9 7.9 7.9
Submaxillary 6.8 6.4 6.2 5.4
Parotid 13.9 12.8 12.3
Submaxillary 3.8 4.7
Total mixed 2.7 2.7
Idem 2.8 3.1

* Conditions: Amylase activity is expressed as
mg reducing sugar X 10 formed at 37°C from 10
mg of starch by the action of .5 ml 1:1000 saliva.
Freezing (where indicated) was for 24 hr at -10°C
in refrigerator; thawing occurred at room temper-
ature (22-25°C).

adequate criteria of purity(l). Finally, a
difference in physico-chemical properties of
salivary mucoid and other mucus secretions is
indicated, since Ronkin(18) has reported no
change in properties after thawing frozen hy-
perbranchial mucus secretion from the marine
snail, Busycon.

Summarvy. 1. Freezing of chemically un-
treated mucoid-containing salivary secretions
results in the formation of a persisting clot
when the secretion is thawed. This clot re-
sembles in appearance the mucin clot formed
in response to the addition of acid. 2. Evi-
dence from viscosity measurements. response
to addition of weak acid, and *‘sialic acid”
analyses indicates that the coagulum formed
after freezing and thawing is derived from
the salivary mucoid. 3. It is suggested that
this effect be taken into account if storage of
saliva samples in a frozen state is considered.
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Serum Glutamic Pyruvic Transaminase in Cardiac and Hepatic Disease.*

(22330)
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Characteristic alterations of serum glutamic
oxaloacetic transaminase (SGO-T) activity
have been shown to be useful in assessing the
presence and degree of heart muscle cell and
hepatocellular damage(1,2). The activities
of glutamic oxaloacetic (GO-T') transaminase
and of glutamic pyruvic transaminase (GP-T)
in different tissue homogenates are compared
in Table I. The activity of GP-T was found
to be relatively greater in liver than other tis-
sues as compared with GO-T activity. This
observation suggested that serum glutamic
pyruvic transaminase (SGP-T) might be a
more specific index of liver cell damage than
SGO-T because of its selective concentration
in liver tissue. Furthermore, since the cardiac
tissue activity of GP-T is low, myocardial
necrosis might not be associated with signifi-
cant alterations of SGP-T activity, thus pro-
viding a more specific serum enzyme indicator
of hepatocellular damage.

Method of study. The SGP-T activity was
measured spectrophotometrically, The trans-
amination reaction (Reaction 1) is coupled

* This study was supported in part by the New
York Heart Assn. and in part by Grant H-1978 of
the National Institutes of Health. The authors wish
to acknowledge the technical assistance of Martin
Podgainy.

to the reduction of pyruvate to lac-
tate by reduced diphosphopyridinenucleotide
(DPNH), in the presence of added excess of
purified lactic dehydrogenase (Reaction 2).

a-keto glutarate
-+ l-alanine

- glutamate (Reaction 1)
- pyruvate

pyruvate _ lactic lactate
-+ DPNH gehydrogenase -+ DPN

« 7 2
Oxidation of DPNH, and thereby the trans-
amination reaction, is followed by measuring
the decrease in light absorption at wavelength
340 my at which reduced diphosphopyridine-
nucleotide has an absorption peak. The re-
agents include: alanine, a-keto-glutaric acid,
reduced diphosphopyridinenucleotide, and
purified lactic dehydrogenase which can be ob-
tained commercially. From 0.1 to 1.0 ml of
serum, 1.0 ml of 0.1 M phosphate buffer (pH
7.4), 0.5 ml of 0.2 M l-alanine in buffer (pH
7.4), 0.2 ml of DPNH (1 mg/ml) and 0.1
ml of a solution of purified lactic dehydrogen-
ase (8000 units/1.0 ml) were mixed and
brought to final volume of 2.8 m! in a cuvette
having a 1 cm light path. The blank con-
tained all reactants listed except DPNH.
After 15 minutes, 0.2 ml of 0.1 M a-keto-
glutarate in buffer, pH 7.4, was added. The
optical density at wavelength 340 mu was



