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I. Introduction

In the last few years many investigators have demonstrated
that the concentratien of human serum glycoprotein is abnormally
high in a number of physiological and patholegical states (1).
Evidence has accumulated showing that there are a number of distinct
serum glycoproteins, and that the concentrations of these may vary
in an independent manner.

The main purpose of this thesis is an attempt to review the
literature on available information on the rise of the serum
sialic acid in pathologic states and also to present results of
the determination of serum sialic acid in certain patients of this

hospital.

II. Terminology

At the present time there is no generally accepted terminology
used regarding proteins conjugated with carbohydrate and particularly
wi th respect to the carbohydrate~comrtaining proteins of serum.
Investigators have gemerally accepted the recommendation of the
Committee on Protein Nomenclature of the American Physiological
Society and- the American Society of Biochemists (2) "that compounds
of the protein molecule with a substance or substances containing
a carbohydrate group, other than nucleic acid, be classified as

glycoproteins. Serum carbohydrate (other than free glucose) is



a constituent of certain serum proteins, i.e., glycoproteins,
Thus the amount of proétein bound carbohydrate in serum is a direct
measurement of the serum glycoprotein levels.

Werner and Odin ('4) have shown *sialic acid" to be a component
of serum glycoprotein. Sialic acid was isolmted in 1936 from beef
submaxillary mucin by Blix (4,5,6) and Swedish workers gave this

substance that name in view of its origin (6,7).

III., Nature of Sialic Acid

Sialic acid has mot yet been characterized chemically except
that it was shown to Be a nitrogen containing polyhydroxy, acidic
reducing substance with an empirical formula approximating C H O N
(8)e It gives strong humin formation and liberation of carbgﬁ 21
dioxide in heating with mineral acid. It gives a purple color even
vl thout previous treatment with alkali on heating with Ehrlichts
p~dimethylamino~benzaldehyde reagent and a violet color when treated
with Bial's orcinol reagent (7). Sialic acid, neuraminic acid
isolated by Klenk in }941 from the ganglioside fraction of brain
lipid (9,19) and the prehemataminic acid obtained by Yamakawa and
Suzuki (10) are identical products (11),

Several methods have been used in the determination of serum
sialic acid namely, the diphenylamine reaction of Dische (12 ) for
desoxypentoses, the tryptophane~perchloric acid reaction described

by Cohen (13) for desexypentose, the "direct Ehrlich reaction®



described by Werner and Odin (8) and also by the Bial's reagent
method(8).

Sialic acid has also been isolated from urine proteins (14),
from red cell stroma lipids (15) and from milk (16) and it has
been shown that it occurs in combination with lactose in the
mammary gland of lactating rats (11). Kuhn et al have isolated what
appears to be another closely related compound from glycoproteins
of bovine colostrum and have designated this compound "lactaminic
acid" (20). Gottschalk (17) and Hiyama (18) have isolated 2-carboxy
pyrrole from mucoids hydroligzed with barium hydroxide, and it is
thought that quite possibly this compound is a component part of
*gsialic acid® or that it is produced from "sialic acid" during alk-

aline hydrolysis (8).

IV, 8Sialic Acid versus ES R

Two groups of investigators (20,21,22) in order to determine
the relation to erythrocyte sedimentation rate of serum diphenye
lamine (DPk) reaction in rheumatic fever did parallel blood deter-
minations weekly on 32 children with rheumatic fever and it is
their opinion that there is a close correlation between the DPA
reaction value and the Erythrocyte Sedimentation Rate and that of
the two determinations, they found the DPA reaction to be more
sensitive, to rise and fall with less lag time, and to be free of

errors associated with heart failure or anemia, both of which



affect the ESR while the DPA reaction parallels the rheumatic
activity.

Simkin, Bergman and Prinzmetal (41) in their studies on
sialic acid following the occurrence of myocardial infarction have
noted that the rise im serum sialic acid was more accurate than
the ESR or the leukocyte count in reflecting the presence or absence
of myocardial necrosis.

Israel, Webster, and Maher following the determination of
serum polysaccharide By the tryptophane-perehloric acid reaction
on ninety patients from the Woman's Medical College Hospital in
Philadelphia have noted that while rapid ESR is almost invariably
present during pregnancy and the postpartum period, the serum poly-
saccharide are apparemtly rarely elevated in uncomplicated pregnancy
and hence this determination may prove useful in the detection of

intercurrent diseases.

V. Serum Sialic Acid in Pathologic States

A. Arthritiss
Coburn and Haninger in their experimental arthritis using
the diphenylamine reaetion (DPA) obaervea that the values obtained

in arthritis were higher than those of the control group (19).

B. FRheumatic Fevert

It has been shown by several workers (43,21,22,23,24) that



the serum sialic acid by the Diphenylamine Reaction appears to be
significantly elevated during active rheumatic fever, to decrease
with lessening of the rheumatic activity and to return to normal

upon recovery.

C. Burns:

8erial determinations with the tryptopbane«perchleric acid
reaction made in six burn cases by Keyser (25) clearly indicated
pronounced rise in serum sialic acid which reached a maximum usually
several days after the burn and generally returned only slowly to a

normal level. The most severe burns gave the highest values.

D. Cancer:

Niazi and state (26) by the addition of the diphenylamine
reagent to "a certain fraction of human serum® result in a purple
color, the intensity of which is greater in patients with malignancy
than in apparently normal individuals. Other workers (23,27,28,29,
30,31,32) too have observed malignancies, however, they added that
its determinations as such is of no value either to indicate the
presence of malignaney or to indicate whether or not a malignant
growth has been successfully removed, and that perhaps its measure~
ment may be of value as a supplementary procedure to other laboratory
and diagnostic tests in determining the extent and character of cert-

ain pathologic states.



E. Sarcoidosis:

Fisher and Davis (33) and others (23) have demonstrated
that the sera of proven cases of sarcoid show that those without
clinical signs of activity the sera were almost normal there being
only a slight elevation. Those with active lesions were found to

have marked elevations.

F. Disseminated Lupus Erythematosus:

No specific determination for sialic acid had been done
except that there was observed a rise in serum polysaccharide (34)
however, since sialic acid is a component of polysaccharide, one

can postulate that perhaps sialic acid too is elevated.

G. Diabetes Mellitus:

/Berkman, Rifkin and Ross (35) after determining the serum
polysaccharide (sialic acid) in a total of sixty six diabetic patients
with and without degenerative vascular diseases came to the conclusion
that the increased levels of polysaccharide substances in the sera
of diabetic patients are associated with the existence of degener-
ative vascular complications rather than with the primary metabolic

defect in diabetes mellitus.

He Tuberculosis:

Several workers (23,29,36,37,38,39) have done determinations

of serum sialic acid in tubereulosis and they are in agreement that



there is no rise in serum sialic acid in those patients who have
minimal tuberculosis of questionable clinical significance but

in cases of active tuberculosis there was significant elevation in
the serum sialic acid and as the disease progressed to moderately
and far advanced stages, sialic acid progressively increased and one
group (40) went further to say that extremely high values in sialie

acid are usually associated with a fatal outcome.

I. Myocardial Infarction:

S8imkin, Bergman and Primzmetal (41) reported that serum sialic
acid was definitely elevated by the third day after clinical indica-
tions of coronary occlusion with myocardial infarction were evident.
On the sixth day the peak of the rise occurred and this elevation was
usually maintained for another week after which the serum sialic
acid gradually declined and normal values at the end of a month
were approached. Serum sialic acid values in patients with chest
pain due to causes other than myocardial infarction were within
the normal range in cases including angina pectoris, neurocircul-
atory asthenia, paroxysmal tachycardia fibrositis and hypertension.
A8 a contrast the erythrocyte sedimentation rate was found elev-
ated in paroxysmal tachycardie and angina pectoris. Hence it is
their opinion that the increase in serum sialic acid appeared to
reflect more accurately than the erythrocyte sedimentation rate

or leukocyte count the presence or absence of myocardial necrosis

7-



and they suggested that although serum sialic acid changes follow-
ing myocardial infarction are not specific for this condition
alone determination of serum sialic acid may be useful as a diag-
nostic aid in evaluating clinical syndromes which are caused by

coronary artery diseases.

VI. Determination of Serum Sialic Acid

The method used in the determination is that of Odin, Werner
and Bjornesjo, Institute of Medical Chemistry, University of
Uppsala, Sweden:

To 0,50 ml of blood serum is added 1.00 ml physiological
saline. Of this mixture 0.40 ml is poured drop by drop with
stirring into 10 ml cold absolute ethanol. After centrifuging
(about 2000 rev./min. for 10 min.) the supernatant is decanted.
The precipitate is washed in the centrifuge tube with 10 ml
cold absolute ethanol. It ig then dissolved in 5 ml physiolegical
saline. Orcinol reagent 3.5 ml and FeCl -~ solution 0.5 ml are
added. The determination is then conducted according to Odin
and Werner (Acta Soc. Med. Upsal., 57, 230 (1952). The mixture
is warmed to 4 l08degrees Centigrade (peraffine bath) for 10 min.
and then cooled to room temperature by tap water. Redistilled
isoamylalcohol 5,0 ml is added, the mixture thoroughly shaken and

then centrifuged. The light absorption of the solution is measured



within an hour at 570 mu.

The precipitation and the colour reaction are best carried
out in the same centrifuge tube, equipped with a ground glass stop-
per.

Orcinol reagent. = 0,50 g orcinol is dissolved in 200 ml
concentrated hydrochloric acid and 50 ml distilled water.

Feclaasolution. ~ M/150 in hydrochloric acid of the same strength
as in the orcinol reagent.

As standard is used pure sialic acid of the ovine type, which

is the form of the substance also occurring in the human materials.

K. Serum Sialic Acid in *Normal" Subjects:

As a control serum sialic acid determinations were done on
12 subjects ranging in age from 5«48 years of age. There were

6 males and 6 females.

Serum
Sialic

Neme Age Sex Acid

1) W.J. 5 ) -~ ,226
2) S.i. 5 ) (SRR 280
3) R.H. 35 e --- .304
4) T.P. 42 M mecoonone- «399
5) J.S. bk M oeccenn ~--== ,318
6) B.M. 48 M wocomweeees 04
7) D.R. 9 F eeveoneees -- 247

* Expressed as optieal density



Serum

Sialic =
Name Age Sex Kkecid
8) D.D. 11 F wccawewe 273
9) L.D. 2l F wewewows 4225
10) I.M, 27 F =======- ,235
11) R.S. 28 F wowosna  ,297
12) M.P, 40 F vocmnone- 253

* Expressed as optical density

The Average Density =--w--we--ws 288

Be Serum Sialic Acid in Pathologic States:

l, Rheumatoid Arthritiss

Case #lt V. P., age 15, Female, Hospital #15960¢
V. P. is a 16 year o0ld Mexican female with complaints
of painful and swollen joints since May, 1956.
Joints involved were temporomandibular, shoulder,
elbows, wrists, proximal interphalangeal, knee
and metatarsal.

Sedimentation rates+ 55 corrected 34 mm

C-reactive protein = 2 positive

Serum Sialic Acid w-~ 409

Case #2: B.W., age 61, Female:
B.W. is a 61 year old white female who has had

rheumatoid arthritis for a number of years with

ulo.o



typical fusiform deformity of her prominal interph
jointse
Sedimentation Rates 12 mm
C-Reactive protein <~ negative
Serun S8ialie¢ Acid -~ .310
Observation: In case #1 the SSA is 409 which is <121 higher
than the average normal of .288 while in case #2 it is only
+022 above the normal average and actually lower than the
high normal value, however, while case #l has a sediment-
ation rate of 34 corrected and positive c-reactive protein,
case #2 has a sedimentation rate of only 12 mm and negative
C-reactive protein while the SSA in case #l is not very
significantly elevated, yet it is encouraging to note that
it was higher in the case of faster ESR and lower in the

case of slower ESR,

2. Rheumatic Fever:
Case #1: K.D., age 5, Females
This 5 year old female was admitted to the hospital
because of fever of 5 days duration, history of pain
in both wrists which migrated to the knees, and also
had malaise and headache.

C-reactive protein: positive
Date Sed. Rate Serum Sialic Acid

1-24 59 mm 553

-11-



Date

Sed. Rate Serum Sialic Acid
1-28
2-7 57 m it
30 mm

Observation: The SSA is quite significantly elevated in the
acute phase of the disease and decreases with improvement of the

condition.

Rheumatic Fever with Chorea:
Case #2: W. P., Male, age St
A 5 year o0ld white male was admitted to the hospital
because of nervousness and unsteady movements. For
2 weeks before admission patient had cough, neck stiffness,
later he developed ®nervousness®" with arms shaking when
he talked as well as at rest. He also had difficulty
maintaining his balance and he complained of aching
and stiffness in his joints with easy fatiguability.
Sedimentation Rate: 56 mm on admission
Serum S8ialic Acid: ,279 taken about 1 week later when ESR
was only 20 mm.
Observations The SSA appears to be less than the normal average
value and this seems to indicate that in rheumatic fever the SSA
is below normal, but one must realize that the ESR was only 20 mm
and one wonders if the SSA would not be significantly elevated

had the SSA been done when the ESR was accelerated as in case #l.



3.

Diabetes Mellitus
Case #1: R. M., age 13, Male, Hospital #8105:
This 13 year old white male who is a known diabetic of
8 years duration was hospitalized because of upper resp-
iratory infeetion and diabetes out of control. Patiant
was afebile but had been taking 52 UNH.
Blood sugar -~ 400 mgm

Serum Sialic Acid -« 304

Case #21 C. A., age 14, Female, Hospital #16232s
C. £, , white female, is a 14 year old who has a 9 year
history of diabetes and is in the hospital because of
neglected control of her diabetes.

Blood sugar -- 620

Serum Sialic Acid -- 344

Observations In both cases of diabetes mellitus, the SSA does not

seem to be significant being .304 and .344 respectively which are

less than the high normal of .4Ol.

4.

Acute Glomerulonephritis:
Case #l: C. S., age 2, Female:
This 2 year old white female enters hospital with comp~
laints of %kidney trouble"., A history of having had cold
with sore throat and earache 3 weeks previously followed
by puffiness around the eyes, dark urine just before ad-

migsion,

- 13 -



Urinalysis: Albumin -- 4 4
25«30 RBC/HFF
1-2 WBC/HFF
Sedimentation Rate: not done
Serun Sialic Acid: .356
Observation: SSA of .356 cannot be considered significant in view
of the high normal of .40)4, unfortunately no sedimentation rate

has been done.

5. Gelactosemia:
Case #1: H. S., age 2,Male:
H, 8. 's mother gave the history of his having protubere
ant abdomen and masses in the neeck. FPatient was found
to have umbilical hernia, palpable cervical, axillary
‘and inguinal nodes. Both liver and spleen are palpable.
Ceph. Flocc,: negative
Thymol Turbidity: O0.75 units
Blood Galactose: 25 mgm %
Serum Sialic Acid: .282
Observations There doesn't appear to be any significant elevation

of SSA in this disease entity.

6. Celiac Diseases
Case #l: C. H., age 4, Female:
C. H, was admitted into the hospital dPecause of failure

to gmin any weight for 2«3 years. History of soft



brownish to tan color stools with oil like substance
and foul smelling.
Sweat and duodenal drainage: normsal
Sedimentation rates 33 mm
Serum Sialic Acids 297
Observation: In this case the ESR is accelerated while the SSA

does not show any evidence of significant elevation.

VII. Summary

Terminology, origin and nature of sialic acid have been given.
Bialic acid is reported to parallel the ESR and in several condi-
tions to excel the ESR in aceuracy. The literature shows elevation
of SSA in such patholegic states as arthritis, rheumatic fever,
burns, cancer, sarcoidosis, disseminated lupus erythemstosus,

tuberculosis, myocardial infarctionm.

VIII. Conclusion

After reviewing the literature on serum sialic acid in the
various pathologic states and its comparison with the erythrocyte
sedimentation rate one gets the impression that the determination
of serum sialic acid may be of value as a supplementary diagnostic
tool and that it may even replace the ESR.

In the determimation of serum sialic acid on the few patients

-15-



in the University Hospital and the Children's Memorial Hospital,
we can say that only in the case of acute rheumatic fever is the
serumn sialic acid significantly elevated and that it paralleled
the ESR. However, in view of our limited number of cases and only
one good case, we are in no position to either confirm or contra-

dict the reports in the literature.

Xcknowledgement
I wish to express my appreciation and gratitude to Dr. Gordon
E. Gibbs for his valuable suggestions, direction and review of
this paper and also to extend my thanks to Mr. Roger He Hutchings

who did the actual determination of Serum Sialic Acid.

~ 16



1.

2

3

4.

5e

10.

11,

12,

Bibliography

Winzler, R. J., Advances in Cancer Research Vol. 1, Academic
Press N. Y. 1953 p. 503.

Committee on Protein Nomenclature, J. Biol. Chem. 4: xlviii,
1908,

Werner I., Hexosamine Component of Seromucoid, Acta Chem.
Scend. 5& 1396, 1951; Chem, Abstracts 48: 7067f, 1954.

Blix G., The Carbohydrate Groups of the Submaxillary Mucin,
2. Paysiol. Chem 240:43, 19364 Chem. Abstracts 30.2:4519,
1936.

Blix G., Einige Beobachtungen iiber eine henosaminhaltige
substanz in der Protogonfraktion des lsehirns, Skandinavisches
archiv fur physiologie 80:46, 1938.

Blix G., Svennerholm L., Werner I,, The Isolation of Chondros~
amine from ganfiosides and from submaxillary mucine Acta. Chem.
Scand. 6:358,1952, Chem. Abstracts 47:5467, 1953.

Odin L., Carbohydrate Residue of a urine mucoprotein inhibite
ing Influenza virus, Haemajglutination Nature 170:663, 1952.

Winzler, R J., Determination of Serum Glycoproteins, Methods
of Biochemical Analysis 21279, 1955.

Klenk, E., Neuraminic Acid, the cleavage product of a new brain
lipbéid, 2. Physiol. Chem. 268150, 1941, Chem. Abstracts 36:2:
3204, 1941.

Yamakawa T., Suzuki S., The Chemistry of the lipids of post-
hemolytic residue or stroma of erythrocytes, J. Biochem,
Japan 38:199, 1951, Chem. Abstracts 46:10213, 1952,

Trucco, R, E., Caputto Re, Neuramin~lactose, a new compound
isolated from the mammary gland of rats, J. Biol. Chem. 206:

901, 1954.
Dische Z., Some new characteristic color tests for thymonucleic

acid and a microchem method for determination of the same in
animal organs by means of these tests, Mikro Chemie 8:4, 1930.

- 1l7 -



13.

.

15.

16.

17.

18,

19,

20,

22.

23.

24.

Cohen S., Observations on the eastimation of desoxyribose nucleic
acid, J. of Biol. Chem. 1561691, 1944.

Klenk E., lLauenstein K., Sugar containing lipides of human
-and bovine erythrocytes stroma, 2. Physiol. Chem. 291:147, 1952,
Chem. Abstracts 47: 6515d; 1953.

Klenk E., Walter H., The sugar containing lipides of horse
erythrocyte stroma, 2. Fhysiol. Chem 291:259, 1952,Chem. Abstr-
acts 47:6515e, 1952.

Hoover, R. E., Braun G. A., Gyorgy, P., Neuraminic acid in
Nuccopolysacch of Human Milk, Archives of Biochem and Biophy.,
471216,1953.

Gottachalk A., Presence of 2«carboxy pyrrole in mucoproteins
and its relation to the viral enzyme, Nature 172:808, 1953.

Hiyama Noboru, Biochemical studies on carbohydrates on the
Direct -~ Ehrlich Reaction - giving structure in Glycidamins,
Tohoku J. Expl. Med. 51:319, 1949.

Klenk E., Langerbeins H., Distribution of neuraminic acid in
the brain (with a micro method for the estimation of this
substance in nerve tissue), 2. Physiol. Chem. 270:185, 1941,
Chem. Abstracts 37.1;899, 1943.

Kuhn R, Brossmer R., Schulz W., The prosthetic group of the
mucoproteins of cow colostrum, Chem Ber 87:123, 1954, Chem.
Abstracts 48;9438b, 1954.

Coburn A. F., Moare L. V., Haninger J., Serum diphenylamine re-
action in rheumatic fever, Archives of Int. Med. 92:185, 1953.

Ayala W., Moore L. V., Hess E. L., The purple color reaction
given by diphenylemine reagent with normal and rheumatic fever
sera, Journal of Clinical Invest. 30:781, 1951.

S8eibert F. B., Seibert M. V., Atno J. A., Campbell H. W.,
Proteins and polysaccharide in pathologic sera, J. Clin Invest.
26390, 1947.

Dole V. P., Watsomn R. F., Rothbard S., Electrophoretic changes

in the serum protein patterns of patients with scarlet fever
and rheumatic fever, J. of Clin., Invest. 24:648, 1945.

-18-



25.

26.

27,

28.

29,

30.

31,

32-

33.

3.

Keyser J. W., Serum tryptophane~perchloric acid reaction as a
measure of tissue destruction, Nature 1641889, 1949.

Niazi S., State D., The Diphenylamine Reaction of Human Serum,
Cancer Research 81653, 1948,

Butler, L. 0., The Polarographic serum test and other serum
tests in the prognosis of Cancer, British Journal of Cen cer

51225,1951.

Riegel C., Jones R., Welch K. J., Valentine J., Study of the
tryptophane~acid and Iodoacetate Index tests in patients with
malignancy, Cancer Research 113453, 1951.

Seibert F. B., Pfaff M, L., Seibert M. V., A serum polysacce
haride in tuberculosis and carcinoma, Arch. Biochem., 18:279,
1948,

Riegel C,, Beatty P. R., Application of the Seibert Trypto-
phane~acid reaction to the serum of malignancy, Cancer Res.

10£495, 1950.

Shetlar M. R., Foster J. V., Everett M. R., Determination of
serum polysaccharide by tryptorhane Reaction, Proc. Soc. Exp.
Biol. and Med 67:125, 1948.

Shetlar M. R., Foster J. V., Kelly K. H., Shetlar C. L., Bryan
R. S., Everett M. R., The serum polysaccharide level in malig-
nancy and in other pathological conditions, Cancer Res.9:s515,
1949.

Fisher A. M., Davis B. D., The serum proteins in sarcoid:Eleo-
trophoretic studes, Johns Hopkins Hosp Bull. 71364, 1942.

Coburn A. F., Moore D. H., The plaama proteins in disseminated
lupus erythematosus, Bull of Johns Hopkins Hosp. 73:196, 1943.

Berkman, James; Rigkin H., Ross G., The serum polysaccharides
in Diabetic patients with and without degenerative vascular
disease, J. of Clin. Invest.32.1:415, 1953.

Seibert F. B., Seibert M. V., Significance of changes in the
content of serum poplysaccharide during sensitization and
development of tubérculosis, Am. Rev. of Tuberculosis 62:67,
1950,

- 19 -






	Clinical significance of serum sialic acid
	Recommended Citation

	tmp.1682364243.pdf.x6SxI

