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ABSTRACT

The quantítative hernagglutination method of Dybkjaer

(1966) has been adapted to the determination of ABH blood group

subsLances (BGS) in saliva.

Using M/15 phosphate buffered saline (PBS) as diluent,

at leasË 5 dilutions of the saliva sample were made. Each dilution

was then preincubated for about one hour with the appropríate

antiserum before addition of. a L% red cell suspension of the same

ABO group as the saliva. The mixtures \^/ere rotated f or 20 hours

(incubation). The free and agglutinated cells r^7ere separaËed by

centrifugation agains t a Ztr/" dextrose solutíon at 45 x g for 30

seconds. The upper layers were pípetted off and both free and

agglutinated cells were washed with PBS. Drabkínts solution \^7as

added to each tube and the 0.D. determined aE 542 nm. The percent

agglutination rnras calculated from the ratio of 0.D. agglutínated

to O.D. free plus O.D. agglutínated. The concentration of saliva

resulting Ín 50% agglutination was determined by probiË analysis.

A parallel inhibition test on a solution of hog gastric mucosal

BGS of known concenLration r¿as included as reference. Coefficients

of variation between TL and 6% were obtained with replicate assays

performed on the same saliva sample.

The final equílibrium of free and agglutinated cells was

not influenced by the duraLÍon of preincubation of antiserum and

salíva (15 minutes to 4 hours). i^lith no preincubation, the percent

agglutination initially exceeded the equilibriurn value and s1ow1y
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fe11 thereafter tor¿ards the equilibrium value. Higher

hemagglutination-inhibition occurred rvhen the ionic strength of

the assay system rlas decreased.

Lower blood group activities r¡7ere found in aliquots of

submandibular saliva r¡hich had been boiled than in untreated

aliquots. However, the boiled a1íquoËs retained their activity

well when stored frozen, whereas unboiled aliquots did not.

Ultra-filtration studies of submandibular saliva

indícated Lhe presence of low molecular weight subst.ances

showing blood group actívity but in too low a concentration to

affect the assay.

The effect of salivary flow rate and duration of sour

lemon drop (SLD) stirnulation on the concentration of blood grouP

A substance j-n the submandibular saliva of four group A secretors

was studied. Up to sixfold changes in BGS concentration were

observed with prolonged SLD stimulaËion. No fatigue effect was

noted over 15 minutes of stimulation and no marked flow rate effect

\¡ras seen over the range of flow rates which were tested. Although

there was indivídual variation in the Pattern of response to

stimulation and also differences when identical experiments vTere

performed on the same subjects on different occasions, Lhere was

a maxímum of a twofold variation in the concentration of BGS ín

unstimulated submandibular saliva collected from a given subject

on different days.

f.n two subjects, there Ì¡Ias a decrease ín the ratio of

A activity lo H actívity in submandibular saliva upon prolonged
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stimulation. A third subject showed an increase in the A to H

ratio, whíle the fourth subject showed little change.

The blood group A activities in various salivary

secretions of ten grouP A and two group AB secretors \¡7ere

examíned. Very hÍgh concentrations of BGS were found ín the minor

mucous gland secretions and in sublingual saliva- Lower

concentrations occurred in whole saliva and submandibular saliva

whereas very little A activíty was detected in paroÈid saliva.

Using reported values for the proportional contríbutíons of the

índividual salivary secretions to Lhe whole saliva volume, it

can be calculated that the sublingual and minor mucous glands

contríbute about 7tr/" of. Èhe BGS in whole salíva.
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CHAPTER I

PURPOSE OF STIIIY

Blood. group antigens were first recognized as cel-l_-bound_

structures at the beginning of the twentieth century. Somewhat fater

it was observed that the secretions of some individuals coufd. al-so show

blood group activity. Since this find-ing, many stud.ies have been d.one

on the quantitation, inJreritance, structure and, synthesis of secreted.

antigens.

Most stud.ies on quantitation of the salivary blood group

substances (fCS) na.re enployed. hemagglutination-inhibition as an assay

proced.ure. The agglutination has usually been read vísually. Atthough

it is a sensitive qualitative test it is too subjective for an accurate

quantitative assay. Therefore one of the objectives of this stud.y was

to devel-op a convenient, sensitive and. reprod-ucible quantitative technique

for determination of safivary blood. group substances.

It is known that many variabl-es affect the composition of

saliva. fn ord.er to compare resul-ts obtained. by different workers, or

results obtained- within the same faboratorn, it is necessary to d.efine

and control- the collection cond-iti-ons. In previous studies on the blood.

group activity of saliva, l-ittl-e attempt has been nad.e to standardize

the protocol for the sal-iva col-l-ection. If the blood group activity

of sal-iva were found- to be sensiti-ve to changes in the sal-iva col-lection

procedure, it could explain some of the variability which has been

observed between inriivid.uals and within the same individ.ual- when tested

on d.ifferent occasions. lüith the quantitative hemagglutination-inhibition

assay we have attenapted. to find- the effect of some of these variables

T]TE



I

upon the concentration of BGS in saliva.

Most quantitative studies on sal-ivary BGS have invotved the

whol-e sa]iva. Based on the resul-ts of several of these studies it has

been suggested that the amount of BGS secreted into the sal-iva is under

genetic control-. However, whole sal-iva is composed. of the secretions

from a number of d.ifferent sal-ivary gland.s as well as some non-salivary

components. It is known that the proportional contributions by the

ind.ividual- secretions to the whole sal-iva volume show considerable

person to person variabil-ity and. can be influenced. by the conditions

of the saliva coll-ection. Therefore, if d.ifferences existed. between

the d.ifferent sal-ivary secretions, âtrX conclusions concerning the genetic

control of BGS secretion based. only on d.ata from whol-e saliva would be

very questionabl-e. '[tle have und.ertaken an examination of the ind.ivid-ua]-

secretions to determine their respective concentrations of BGS.
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CHAPTER I]

REV]EW OF THE LITERATURE

I The AB0 System

In 1900, Landsteiner first observed that some human sera

would agglutinate the red blood ce1ls of certain other individuals.

0n the basis of these reactions Landsteiner categorized individuals

into one of three groups, I, II and III (now B, A, and 0). A fourËh

group, IV (AB), \¡ras discovered ín 1902 by Decastello and Sturli. The

assignment of índÍviduals into the four groups depended upon whether

their red cells possessed either one, or the other, neither or both

of two antigens) no\^r designated A and B. The agglutination reactions

were explaíned by a reciprocal relatÍonship between the presence of

these antigens on the red cel1s and the presence of correspondíng

antíbodies in Ëhe serum; that is, a personts serum does not normally

contaín antibodies to those antigens present on his own red cel1s.

This relationship is shown ín Table II - 1.

It was soon recognized that the ABO blood groups r^7ere

inherited (Epstein and Ottenberg, 190B; von Dungern and Hirszfeld, 1910)

and the mode of inherÍtance \¡ras suggested by Bernstein (L924). The

A3O type is determined by three independent genes, A, B and O, where

A and B are dominant and 0 is recessive. One gene is present. on each

member of one of the chromosome pairs. trnlhen an A gene and a B



Table II - I

The Relationship between the Presence of
Isoantígens and Isoagglutinins in the ABO System

B lood Group Antigens on Red
Blood Cells

Antibodies in
the Serum

antÍ-A
anti-B

antÍ-B

anti-A

none

AA

ABADöD
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gene are ínherited together, they are co-dominant

(!) The A AntÍsen

In 1911 von Dungern and Hirszfeld postulated the existence

of two subgroups, noT¡r called A1 and A2 within blood group A. They

found that they could absorb anti-A serum vrith weakly reactive A

cells (Ar) without removing the abílity of the serum to agglutínate

strongly reactive A cells (gf). Other authors (Lattes anð, Cavazutti,

L924; Schiff and Hubener, L926) clairned that Ëhe divisíon into

subgroups l¡ras unTrarranted, as they suggested that Ëhere T¡/as a

continuous progression from weakly to strongly reactive ce1ls.

However, Friedenreich and l¡iorsaae (L929) showed conclusively that

A, and A, cells fell Ínto two distinct subgroups and Ëhey found no

evidence of intermedíate forms.

Ever since their discovery, there has been a controversy

as to whether the dífferences between the subgroups are quantítative

or qualitatíve. LatEes and Cavazuttí felt that the differences ín

reactivítíes were due only Ëo differences ín the number of antigenic

sites per cell. In contrasË to von Dungern and Hirszfeld, they were

able to show, by using sufficiently large numbers of A", cells, Ehat

all the antíbodies could be absorbed out, including anti-Al. Greenbury

(1963) also showed that all the anti-A antibodies in the serum of

rabbits which had been immunízed with A, cells could be removed by

exhaustive absorption wiEh A, cells. They did feel, however, Ëhat

a qualitative difference existed, which \¡/as Ëoo subtle for their
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system to detecÈ.

uärcfäÌ et al., in 1969, attempted to explain the lack

of agglutination of Ã2 cells by anti-A1: without assuming a

qualÍtatíve difference between A1 and A2 determinants. They

suggesËed that anti-A1 antibodies were of the rnulti-valent, Igl'{

Ëype and were of low affínity. For these low affÍnity antibodies

to bind to red cells firmly enough to take part Ín bridging, the

binding would have to involve more than one valence of the antibody

molecule per cell. This in turn would require a high density of A

receptors on the red cells, which they suggested that A1 cel1s

possessed. Antibodies of the bivalent, IgG type were of hígher

affinity and would agglutinate cells of both subgroups. In support

of Mäkelä's hypothesis, Greenbury et al. (1963) and Economidou et

al. (L967) had previously reported that A1 cells have 4 tímes as

many accessíble A determinants as A2 ce11s.

hratkins and Morgan (1956b) suggested that A1 individuals

are more efficient in converting precursor (H) material into the

A product. This was consistent with the hígher H activíty shown

by ÃZ cells. Bar-Shany et aI. (1970), who studied TraËer soluble

A1 and A2 substances, proposed that steric hinderance between A

and H sËructures accounts for the difference in reactivities.

Dolichos blflqrqs extract, a plant lectin, preferentially

agglutinates A1 cells (Bird, L952). However, when this reagent .r,ras

tested in an Ochterlony system with A substance purifíed from

ovarian cyst fluid of A1 and A2 secretors, a reaction of identíty
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between A, and A, substances vTas seen (Bird, L959). The ínterpretation

of the reaction was that the Dolichos biflorus detected a determinant

common to the A substance of *rbr* ,he author suggested

chat the lectín does not detect any qualitative difference between

A1 and A, antigens.

Other authors have presented evidence that the A, and A,

cells differ qualitatively. Von Dungern and Hírszfeld (1911)

postulated the existence of an A antigen comnon to both the A, cells

and the A, cells and an At antÍgen found only on A1 cells. They

further postulated Lwo corresponding agglutinins; S( (antí-A),

reacting with the A antigen and therefore agglutinaËing both A, and

A., cells and "trdl 
(anti-A1), which react,s wíth the A1 determinant

and would therefore agglutinate only A, bloods.

Landsteiner and l,Jitt (L926) found that by several

absorptions wíth A, cells and elutions they were able Ëo separate

anti-A serum into two fractions showing dífferent proporËional

abÍlities to agglutinate A, and A, bloods. These two fractions

r,^rere suggestive of Ð( and flr. Landsteiner and Levine (L926) showed

that anti-A, could be present in the serum of certain A2 and ArB

individuals. The inability of Friedenreich and I,'Iorsaae (L929) to

demonstrate forms intermediate in strength between A, and A, is

also indicative of a qualítatíve difference. Recent chemical and

immunochemical sËudies present more direct evidence of A, and A,

ce11s being qualítatively different. These will be discussed in

detail ín later sections. Hor,rrever, at present the true nature of

the differences between the tr,tro subgroups is stíll in doubt.
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Juel (L959) summarized the current knowledge of A, and A, when he

concluded that A1 cel1s will selectively bind fl, agglutínins before

the Ð(" fraction and that there r,vas a very lirnited aff inity betweenI

*, antibodies and A, cells.

In 1936 Friedenreích described a third subgroup within

A which was designaEed 43. This was thought to be controlled by

a fifth allele at the ABO locus. In Canada, the phenotype appears

with a frequency of about 4.8 x 10-5 çneed, Lg64). The reaction

with anti-A serum is characterízed, by small agglutínates and many

free cells. There is controversy as to whether anti-A ís bound to

the free cells (Reed , L964; Cohen and ZueLzer, L965). A3 appears

to be domínant with respect to the 0 allele but recessive to Ar,

A, or B (Gammelgaard, 1947, cited in Reed, L964) .

There are other weaker forms of the A antigen which are

very rare. Race and Sanger (1968) classified most of the weak

variants into two main categories, A* and A,n. The red cells of

A* individuals gave a weak or negatíve react.ion wiLh anti-A

(B serurn) but a good reaction wÍth anti-A + B (0 serum) . The

serum of A* indivíduals usually contains anti-A, but noL anti-A

and, if the secretor gene is present, H, but not A is found in

theír saliva O* índividuals have red cells which gíve a weak

or negative reactíon with anti-A or anti- (A + B) . Neíther

antí-A nor ant,i-A, is present ín their serum. If the A* individual

ís a secretor the saliva shows both A and H actívity. Most of

these weak forms are inherited as dominant characters.
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The B Antígen

Fríedenreich and With (1933) demonstrated that the human

group B antigen shares specificíties with red cells of other species.

Besides having a component 81, unique Lo human B cells, the antigen

contains a component 82, also found on rabbit cells, and a component,

83, conmon to both rabbit and guinea pig red cells. Owen (1954)

showed some cross-reaction between opposum red cells and anti-B

serum which indícated a possible fourth component, shared by

human B cells and opposum red blood cel1s.

The quantíty of literature on varients of the B antigen

is much less than that for the A anEigen. These weak forms of B

may or may not have anti-B in Ëhe serum or B subsËance in secretions.

They, like A varients, appear to be inherited as dominant characters.

Salmon et al. (L964) demonstrated three weak type B antigens

with the aid of quantitative hemagglutination and thermodynamic

technÍques. These rrere named UAO, 860 and BO, índicatíve of the

degree of agglutínation with respect to normal B (B1gg) cells.

Theír results suggested that differences existed in the number of

antigenic sites per ce11. Enthalpy measurements also indicated a

possible qualitatíve dífference between Lhe varients. OtiaO¡ , "
varient of the A antígen, analogous to BBO r"" demonstrated Ín

Ëhe same manner (Salmon et aI., f965).
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(ç) Blood Group 0 Cel1s

The origínal identification of group 0 cells was by

their lack of agglutination in the presence of anti-A or anti-B

serum. In 1927 Sc]lríf.t demonstrated that certain normal cattle

sera, after absorptíon wiËh human AB ce11s, would preferent.ially

agglutinaLe human group O cells. Landsteiner and Witt (L926)

had previously described 'rirregular'r agglutinins (ffir) in the

sera of some normal individuals which would agglutinate O and A,

cells. The rrantí-Otr of Schiff and the[d,2 of Landst,einer and Wit,t

were lat.er shown to give identical reactions (Friedenreich and

Zacho, 1931). Eisler ín l93l demonstrated that a similar serum

could be obtained from goats imrnunized vrith Shigella dysenteríae.

The reactions of these sera r¡rere not, however, lirniLed

to group O ce1ls. Strong reactions were achieved with A, cells

and weaker reactions wíth A, and B cells. Thomsen (1932) concluded

that these anti-O sera \¡rere reacting with the product of the O gene

and that the reactíons wíth the cells of other groups could be

explained by heterozygosity.

Boorman et al. (f948) described a serum which reacted

with O, A2 and ArB cells but failed to agglutinate A or B cells.

This type of serum r¡/as not inhíbíted by secretions of group 0

secretors (Morgan and üIatkins, 1948). 0n this basís Ëhey

differentiated sera into trro categories; those which are ínhibitable

by secretions, antí-H, and those which are not, anti-O. They
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stated that anti-O serum \nras reacting with the product of the 0 gene

and that anti-H \üas reacting with a precursor substance coÍunon Lo

all groups. Sanger (L952> showed that individuals possessing anti-O

antibodíes \¡/ere Le(a-) whereas those having anti-H antibodies \¡rere

Le(a+) . She suggested that, as the Lewis sysËem was related to the

secretor system, it rnay be the presence or absence of the secreLor

gene which determines the type of antibody Ín the serum.

Race and Sanger (L962) stated that several of the sera

reported Ëo be anti-O are in fact directed agaínst the I antigen.

Gold (L964) showed that some antÍ-O antibodies required the

co-presence of both the O and, eíther the I or i antigen, thus

indicating a sLructural relatÍonship between the AB0 and I blood

group systems. This has been confirmed in subsequent immunochemical

studies which wíIl be discussed in a later section.

The relationshíp of antí-H to anti-O, and, likewise, the

O and H antigens, is stíll not clear. Inliener et al. (i966) postulated

a structural difference between the H substance found in secretions

and that found on the red cells. Ceppellini (f959) accounted for the

different reactions of the anti-H and anti-O sera by normal heterogeneÍty

of anti-H antibodies. He also concluded that no serum then available

appeared to react specifically with the producË of the O gene. This

still appears to be true.

(d) Bombav Phenotvpe

Tn L952 Bhende et a1. described three Indian individuals

whose cells failed to agglutinate when mixed with anti-A, anti-B or

The
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anti-H serum. Their serum contaíned anti-A, anti-B and anti-H.

They were Le(a+) and their secretions showed no ABH activity. This

was desígnated the Bombay Phenotype.

Levine et al. (1955) described a similar patienL whose

cells r^rere not agglutinated by antí-H, anti-A or anti-B and who had

anti-H in her serum. From a three generation family tree it \^Ias

evident that she musË possess a blood group B allele. The authors

posËulated that Ëhe lack of expression of the B gene r¡Ias due to a

rare suppressor gene, X (now h), which ín the homozygous state

suppresses both the A3O phenotype and ABH secretion. Lanset, et al.

(1966) were able to demonstrate the presence of the suppressed

antigen on the cells of an índividual havíng the Bombay phenotype

by fixation-elution tests. It therefore followed that the ant.igen

\¡ras present in some form.

S ecretor S vs Ëem

In L924 Schiff demonstrated the presence of BGS in serum

by specific precipitation (ciËed in Race and Sanger, 1968)" Moss

(1910) had prevíously described isohemolysín inhibiEion by serum;

however, he postulated that the phenomenon \Àras due to antÍ-antíbodies.

Yamakami (L926) shor¿ed a substance to be present in human

semen and saliva of A, B and AB indívíduals which had the abílity of

ÍnhibÍting the agglutination of red cells by isoagglutinins. The

specificity of the substance in the individualts secretions was the

same as that found on the red cells. Group O saliva was shown to

II The
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act símilarly in a system of Group 0 ce1ls and cattle antÍ-O serum

(Schiff and Sasaki, L932> .

Lehrs (1930), who studied human saliva, noted a wide

variability between indíviduals in the quanLity of group-specific

substances.. It was observed in the same year that the saliva and

other secretíons of some people showed no inhibitory activíty.

Putkonen, 1930; Schiff and Sasaki, L932, demonstraËed conclusively

in a study involving 50 familÍes that the ability to secrete blood

group substances r^7as inheriËed as a lulendelian dominant (Se). Non-

secretors were índívíduals homozygous for the recessive allele (se) .

Friedenreich and Hartmann (f938) suggested that the water-soluble

blood group substances in secretions origínate in the glandular

cells, rather than being excreted as degradation products of the

alcohol-soluble red cell anligen. This r^rork .t,ras extended and a

díssociation betr,ieen r¡7at,er-soluble and alcohol-soluble activity T¡ras

noted (Hartmann , L94L). I¡Ihereas T¡rater-soluble blood group activity

was dependent upon the presence of the Se gene, the alcohol-soluble

actívity could be demonstrated regardless of secretor status.

III The Lewis S ys tem

Ueyama, in 1939, described an anlibody (antÍ-T) in the

serum of some normal chickens, which reacted with an antigen (T)

found in the saliva of non-secreËors only. Hor¿ever, due to the

Second üIorld trrlar, as well as to language difficulties, this work

was largely overlooked in the l{est.
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In L946, Mourant demonsËrated a "ne\n7" antibody in the

serum of a Mrs. Lewis which agglutinated about 25% of English bloods.

He proposed the name Lewis (now called Le(a)) for the corresponding

red cell antigen and showed ít to be an inherited character. Grubb

(1948) demonstrated that the saliva of most non-secretors could

inhibit anti-Le(a) serum. Thís system is nov/ recognLzed to be the

same as the T-anti-T system of Ueyama.

Andresen (1948) detected an antibody which reacted with

an antigen found on the red cells of about 70% of A, and 0 individuals.

This antígen, nor^r called Le(b), could not be demonstrated to be

co-present with the Le(a) antígen.

In 1948 Grubb made the important observation thal individuals

possessing the Le(a) antigen on their red cells were also non-secretors

of ABH matería1. Based on this and subsequent observations he

proposed, in 1951, a theory for the Lewis system. Grubb envisioned

a serological group system of water-soluble mucoids raLher than a

true blood group system. According to the theory, the presence of Lhe

Le(a) antigen is controlled by a pair of alleles; Le, le. The Le(b)

antigen was the direct product of the dominant Se gene at Ëhe

secret.or locus. The secretor and Lewis loci were considered to be

independent.

Ceppellini and Siniscalco (1955) confirmed the independence

of the secreLor and Lewis loci. They modified Grubbrs theory by

proposing that the Le(b) antigen was the product of an interaction

of the domínant Se gene and the dominant Le gene (Ceppellini, L955

and Ceppellini and Siniscalco, 1955) . This discrepancy l^/as
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apparently due to the less specífic anti-Le(b) used by Grubb. The

modifíed theory has now been largely substantíated by biochemical

studíes.

Sneath and Sneath (f955) transfused ce1ls from an

Le(a+b-) donor into an Le(a-b+) recipíent. tr{hen a post-transfusion

sample of blood r¡ras separated into donor and recipíent cells by

differential Rh agglutinatíon and examined for Le ant.igens, it was

found that the donor cells had become Le(a+b+). ItIn vitrorr

incubations of cells and plasma gave similar results. The auLhors

suggested that red cells absorb Lewis antigens from the serum.

Makela and Makela (1956) demonstrated that the ability to transform

Le(b-) into Le(b-t-) was a property of the plasma rather than the

cells. Marcus and Cass (1969) showed that the plasma substance

\¡ras a glycolipid rather than a glycoprotein such as is found in

secretíons.

The Lewis antigens are not detectable on the red cells

at birth, when tested by agglutination with anti-Lewis serum

(Andresen, 1948), although they can be detected in some cord blood

by the more sensitive antiglobulín reaction (Cutbrush et aI., 1956).

The Le(a) antigen becomes apparent on cel1s during the first post-

natal weeks, and during the fírst months has a frequency of about

90% (Jordel, L956). The frequency decreases to the adult level of

about 2TL by about tT¡ro years. There is a lower frequency of Le(b)

antígen ín individuals younger than 6 years of age than that in

the adult. The frequency of the Le(b) antigen increases concomitant

with the decrease in the frequency of Le(a). A transienÈ Le(a+b+)
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state is commonly observed in infants. Despite their absence on

the red cells, the Lewis antígens are present in saliva at bírth.

Andresen and Jorde1- (L949) described an antibody now

known as anti-Le(x) which agglutínated Le(a+b-) and Le(a-b.l.) cells

but failed to agglutinate Le(a-b-) cells. fr had the unique

property of agglutinating about 90% of cord blood which indicated

that anti-Le(x) r¡ras not simply a mixture of anti-Le(a) and anti-Le(b).

Andresen (1961) proposed a theory for the inheritence of the Lewis

genes to include Le(x) , but the theory has little currenË acceptance.

Sturgeon and Arcilla (1970) have since modífied the theory of Grubb

and Ceppellini to account for Le(x). They suggested that rhe Le gene

has two cistrons for which one product is Le(a) and the other Le(x).

Under the influence of the secretor gene, the Le(a) substance is

converLed to Le(b) whereas the Le(x) substance remains unchanged.

An antibody, anti-Le(c), has recently been demonstrated

which reacts with Le(a-b-) ce11s of non-secretors (Gunson and

Latham, L972). The corresponding antigen is present Ín salíva from

Le(a-b-) non-secretors and to a lesser extent in the saliva of

Le(a+b-) non-secretors and Le(a-b-) secretors.

IV Blood Group I

In 1956 Inliener et al. described a cold aggluËinin ín the

serum of a patient suffering from acquired hemolytic anemia. 0n

testíng 22,000 blood samples with this serum, they found only 5

which r¡/ere non-reactive. They suggested that the antibody was
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directed against a very cofitmon antigen v¡hich they designated I.

Bloods showíng little of the I antigen were designated i. Titration

experiments of group I bloods indicated that the strength of the

antigen Tras normally distríbuted.

Jenkins et al. (1960) found anti-I ín the serum of a

healthy group i subject. Marsh (f96f) demonstraËed the presence

of anti-i in the sera of tv/o patienËs. Using this serum he was

able to show that all indÍviduals possess both I and i (recíprocally

relaced) on their red cells. The anti-í was found to react strongly

wíth cord cells. Marsh suggested that the lack of the I antígen in

the adult involved a genetically controlled factor essential for

the proper development of I. hlithout thís factor, the cells

maintain a weak I and a strong i, símilar to the foetus.

DzLerzkowa-Borodej et a1. (1970) identífied a substance

in saliva which specífically inhibited the agglutination of I red

cells by a cold anEi-I autoaggluËínin. I substance appeared in

the saliva of all indivíduals independenË of age and the Ii status

of the red cells. A simílar substance was demonstrated in mÍlk

but in higher concentration (Marsh et al., 1970). With an

Ochterlony system EeLzL and llarsh (1970) found a reaction of

ídentity between an OI erythrocyte extract and a milk-extract,

which indicated that the two shared at least one common determinant.

Marsh et al. (f971) examined a number of different anti-I sera and

suggesled that the I antigen consísted of two components. One

component. which they designated Ifoetal would be present on all

human red cells including adult i cel1s and cord cel1s. The second
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component ldevelope¿ would be found on adult I cells and would

develop in a gradual, transÍtional process.

V Origíns of Anti-A and Anti-B Isoagglutinins

Two opposing Eheories have been put forward to explain

the presence of anti-A and anti-B isoaggluËinins in serum.

Isoagglutinins were originally thought to be inherited, natural

anËibodies whose presence was índependent of influences of the

environment (BernsLein, L925; Furuhata, L927) .

DuponË (f934) proposed ËhaË these antibodies were produced

in response to environmental antígens with determinants whích

cross-react \^rith blood group antigens. Springer (1956, L966, L970)

has demonstrated that many bacteria, víruses and higher plants show

blood group specificity.

Much support for the acquíred origín of anti-A and antí-B

has come from the experiments of Sprínger on germ-free chickens

(Springer et al., L959). By the age of about 20 days, chickens

usually have anti-human B antibodies in their serum (Baíley, L923).

Sprínger et a1. (1959) found that chickens raised under germ-free

conditions lacked these anËi-B antibodies at 45 days after hatching,

whereas chickens raised under normal conditions had the usual anti-B

titres. Antí-B agglutiníns \¡rere produced by the germ-free chickens

after they were fed group B-aclive meconium or blood group B-active

bacteria (E. coli OrU) .
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Le c tins

In 1BBB Stíllnark found that extracts of the castor bean

(Ricinus communis) contained hemagglutíníns. Landsteiner (L945>

found that plant agglutinins from dífferent. sources díd not always

agglutinate the erythrocytes of dífferent specíes equally.

Renkonen (f948) and Boyd and Reguera (L949) demonstrated that some

plant agglutinins \^zere specific for some human blood group antigens.

For those which showed this specificity, the collective name r'lectinrl

\^7as proposed (Boyd and Shapleigh, L954).

Renkonen (L949) Eested 57 species of plants for their

ability to agglutinate human red cells. Amongst those tested he

found extracts of Vicia cracca Ëo be specific for group A cells,

and extracts of Laburnum alpinum, CvËisus segsilifolius and Lolus

tetragonolobus to be specific for the H antigen. Boyd and Reguera,

who reported results on saline extracËs of. 262 varieties of plants,

found 25 whích showed specificity towards blood groups. Extracts

from several varieties of lima beans aggluËinated only group A cells.

Bird (L952) found that an A agglutinin of Dolichos biffolus

was 500 times more potent as an anti-A, reagent than as an antÍ-A,

reagenË. This reagenE is now used com¡nonly as a means to distinguish

A, from A, bloods.

CazaL and Lalaurie (L952) demonsËrated anti-H activity ín

extracts of Ulex europaeus. Boyd and Shapleigh ( L954) showed the

usefulness of this and other anti-H lectins in the determínation of

secretor status. Plaro and Gershowitz (1961) compared inhibition

V]
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titres of anti-H from Ulex eurgpaeus and Cvtisus sessilífolius

extracts. They found that A and 0 salívas had higher titres when

tested with ulex extracts than vzith cytisus extracËs. The opposite

was found to be the case for B and AB saliva. Bhatia and Randeria,

(f970) who studied the phenomenon of abberant secretion, obtained

different results when dífferent anti-H reagents were used. These

included human and animal anti-H as well as planE lectins.

Differences in the inhíbition reactíons were also seen between Ëhe

anti-A lectins Dolichos biflorus and Phaseolus lunatus (Hakim and

Bhatia, L956). Matsubara and Boyd (1963) found rhar afrer rhey

covalent.ly coupled p aminophenyl-N-acetyl-D-galactosaminide to an

A-specific lima bean lectin (Phaseolus lunatus), the abílity ro

agglutinate group B cells was increased. D-galactose specificalty

inhibited the agglutination of B cells while not affecting anti-A

actívity. N-acetyl galactosamine inhibited both A and B agglurination.

The authors suggested that the carbohydrate moiety of lectins and

possibly antibodies may play a role in their specificíty. However,

Rigas and Osgoode (1955) showed that removal of the carbohydrate

moieEy of Phaseolus vulggris left rhe haemgglutinating acrivity

intact.

The functíon of these molecules in the plant is unclear.

There is no evidence to indicate that they serve a purpose analogous

to animal antÍbodies. Boyd (L970) has suggesred that they may play

a role as a carbohydrate catcher in the seed or assist in

transportation of carbohydrate Ëo Ëhe seed.
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VII B lood Group Frgquencíes

In 1919 ilirszfeld and Hirszfeld found differences in the

ABO phenotype frequencies amongst human populations of differenË

races. The large number of studíes made subsequent to thÍs finding

were tabulated by Mourant in 1958. This discovery and the

differenti-aL racial distríbution of other genetic markers provided

an exËremely useful tool for anthropologísts (see review by

Pollitzer, L970) .

Cavallí-Sf.orza et al. (1968) tabulated gene frequencies

for Caucasians to bet A, 0.236i Ã2,0.068; B, 0.066; O, 0.630. A1l

the North American Indians íncluded in the dat.a appeared to possess

only Lhe O allele and no Australian Aborigines possessed the A,

allele. Renwick (1969) reported a frequency of 0.75 f.ox the Le gene

and 0.52 f.or the Se gene amongst Europeans. AB0, Rh foetal-maternal

incompatibility, differentíal sperm counLs between 430 groups (Grieve

et al., 1967), prezygotíc selection in heterozygotes (Matsunaga and

lliraizumi, L962) and differenËial susceptibility to dísease have

been proposed at various times to be factors responsible for the

maíntenance of the characteristÍc frequencies.

VIII Linkages and Associations

In 1951 Mohr reported an apparent linkage between

controlling the Lewís and Lutheran blood group characters.

laËer shown that the actual linkage was between the secretor

the loci

Lt was

and
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Lutheran genes (Sanger and Race, 1958). The frequency of

recornbination was found to be about 0.15 (Greenwalt, 1961) and

appeared to be higher in females than in males (Cook, 1965) .

Several other autosomal linkages ínvolvíng blood groups have sínce

been discovered: ABO and nail-patella syndrome (Renwick and Lawler,

f955); Duffy and a congenital cataract loci (Renwick and Lawler,

1963); AB0 and adenylate kínase loci (Rapley et al. , L967) .

As well, a number of associaEions beËween blood groups

and other characters and diseases have been found Ín man. The

best documented and mosL easily rationalízed of these are

relationships between hemolytic disease of the new born and

incompatibilities of Rh or ABO blood types between mother and

foetus.

Another well-accepted association is that involving A3O

blood groups, the secretor gene and serum alkaline phosphatase.

The electrophoretic patterns of the sera of some indivíduals shovr

only one zone of alkaline phosphatase activity (Zone A) whÍle others

also show a more slowly mígraËing band (Zone B) (Beckman, 1968).

The alkaline phosphatase of zone B appears to originate in Ëhe

intestine and the faster zone A from the liver and/or bone

(Cunningham and Reímer, 1963). Several other bands with alkalíne

phosphatase activity are observed during late pregnancy (Boyer,

L96L). Arfors et al. (1963a) found that the frequency of individuals

of blood group A was very low amongst those who showed both zone A

and zone B activiËies. The negative correlatÍon between intestinal

alkaline phosphatase and blood group A r^ras confirmed in subsequent
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studies (Beckman, L964; Shreffler, L965; Bamford et al., 1965). The

intestinal alkaline phosphatase appeared to be present more frequently

in the sera of individuals of blood group AB than in the sera of those of

group A and also more often in the sera of A, and ArB individuals than

in A, and ArB individuals, respectively (Beckman, 1968).

Arfors et al. (1963b) found an absence of individuals of the

phenotype Le(a*b-) amongst those who possessed both zone A and zone

B alkalíne phosphatase actívities. This was shown to be an

association bethreen inËestinal alkaline phosphatase actívity and the

secretor gene (Beckman, L964). This was confirmed in subsequent

studies (Bamford et al., L965; Shreffler, L965). No mechanism for

the associatíons ha.s been generally accepted; however, iË is unlikely

that the AB0 or secretor status affects synthesis of intesËinal

alkaline phosphatase, as no association l,ras observed between blood

groups and the alkaline phosphatase of the intestinal mucosa.

Hope and Mayo (L969) found no association between ABO blood

groups and the alkaline phosphatase activity in whole salíva. The

results which they obtained with whole saliva may have íncluded

alkaline phosphatase activity from the bacterÍal flora. Higher

alkaline phosphatase activities were found in whole salÍva than in

submandibular or parotid salivas (CornÍsh and Posen, 1968) which may

have reflected a bacteríal contríbution. Bacterial activíty would

tend to mask any existíng relationships.

Hope et al. (1968) found higher concentrations of protein

in the whole saliva of secretors than in that of non-secretors.

Higher protein concentrations were also observed ín the saliva of
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A, individuals than in the saliva of individuals of other blood groups

iniaissbluth and Langman (1971) found no variation in the serum protein

concentrations among subjects of different blood groups.

In 1953, Aírd et al. found a slight associaËion between

blood group A and cancer of the stomach. Follorvíng this report, a

large number of papers have appeared concerning associations between

blood groups and various diseases. Thís work has recenËly been

reviewed by Vogel (f970). Many of these studies have been criticized

byl{iener (1970) for Ëhe methods used in the collectíon and treatment

of data. Many studies do, however, indicate that associations exist

between varíous neoplasias and blood group A and between gastro-duodenal

ulcers and group 0 (Vogel , L970). The mechanism for the assocíations

between non-infect.ious diseases and blood groups ís not yet known.

A ratíonale for an association between blood groups and

some infectious diseases does exist. Springer (f956, L966, L97O)

has shown that bacteria, víruses and higher plants can possess blood

group specificities. It would seem reasonable that an índividual of

a given blood group would be more susceptible to ínfectíon by an

organism whích had the same specificity, as no antibodies to the

determinant would be present or eliciËed (Vogel, 1970). The studies

so far have been ínconclusive. Different straíns of the same

organism differ from each other ant.igenically and therefore,

Índividual strains may not show blood group specificity (Springer,

L966). I¡Iiener (f970) suggesËed Lhat in many types of infectíon one

must deal with a het.erogeneous series of cases and that significant
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data on associations would tend to be diluLed out with nonsignificant

data. I^Iíener (1970) further suggested that organisms may possess

many specificities, among whích the blood group specificities may

noË be the most ímport.ant.

IX Distribution of B lood Group Substances in the B ody

The independence of the alcohol-soluble form of the A3O

antigens from the effect of the secretor gene was noted by Hartmann

in 1941.

Szulman (1960), who sÈudied the distribution of blood group

substances A and B in autopsy and surgical specimens by

immunofluorescence, found staining in the endothelia of vessels and in

straËífíed epíthelíum regardless of secretor status. The staining

could be abolished by prior exposure of the tissue to alcohol. The

mucous-secreting cells located in the salivary glands, gastro-intestinal

t,ract, the lar¡mx, trachea and bronchus, the ga11 bladder, the uterÍne

cervix and the pseudomucinous ovarian cysts contained antigen only

when the secretor gene r¡ras present. The relatíve staíníng of the

respective sa1ívary glands depended upon the percentage of cells

whích v/ere mucous secreting. There was no mucous-bound antigen in

non-secreËor specimens, wiËh the exception of the deeper parËs of

the gastric foveolae, in deeper parts of crypts of Lieberkühn of

bowel mucosa, and in Brunnerrs gland of the duodenum. Antigen

r^7as present in the breast, prostate, and endometrial glands in

secretor specimens and in the pancreas and sr¡rea,Ë glands of all
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specimens. SÍmilar patterns of distribution were found in the three

foetuses studíed (4 to 7 months gestatíon) . The dístribution of H

substance paralleled that of the A and B subsLances in O, A, B and

AB tissues (Szuhnan, 1962) .

In secretors, HarËrnan (L94L) found that in the various

secreLions which he sLudíed, gastric juice had the highest blood

group activíty and this activíty decreased through salíva, bile,

semen and urine respectively. The concentra,tion of blood group

substance ín the various salivary secretions \^ra,s found to be highest

in sublíngual saliva, less in submandibula.r salÍva, and extremely low

in parotid salíva (l^Iolf and Taylor, L964). This appeared to correlate

with the relatÍve percentages of mucous-secreting cells in the glands.

X QuanLitatíve Studies of Blood Group Substances in Saliva

It has long been recognized that there is considerable

va.riatíon amongst secretor individuals ín the quantity of ABÌ1 substance

ín the salíva (Lehr 1930; Putkonen, 1930). Changes have also been

observed wiLhin Ëhe same individual when samples are Ëaken at

different times (Lehr, 1930; Putkonen, 1930).

Clarke et al. (1960), in a study which involved 151 sib

pairs, found a positive correlation between sibs and proposíti in

the concentration of salivary blood group substances. They suggested

that the amount of A, B, or H material secreted by an indivídual was,

in part, inherited and that this control appeared to be polygenic.

Conflicting reports are PresenL in the literature concerning
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the concentration of A subslance in the salíva.s of O, and Ã,

secretors. Wíener and Kosofsky (L942) who used I'boostedrr human

antí-A, and Baer et al. (1961) who used irnmune chicken anti-A,

found no signifícant difference in the sa.liva of the two subgroups.

However, with normal human anti-A (Gammelga.ard, L942 and Boettcher,

L964) or wíLh exLract from Ëhe seeds of Dolichos biflorus (Boettcher,

L967a and b), the inhibition titres were significantly higher with

At than with A, salivas.

H substance is present in the saliva of secretors of all

blood groups and its concentratíon is highest in group O secretors,

decreasing through Or, OL, B and AB respectÍvely (Plato and

Gershowitz, 1961).

McNeil et al. (LgSla and b) descríbed secretors of groups

A and B who had A and B, but no deËectable H in their salívas and

other secretors, of blood group A or B, wíth H, but no salivary A or

B. The authors referred to Ëhese individuals as abberant secretors

and suggested that there r¡ra.s an assocíation betr,reen this phenomenon

and Ëhat of spontaneous abortion. Subsequent studies have indícated

that abberant secretors appear to be at the exËreme ends of a

unimodal dístribution of A:H or B:H raËios (Clarke eË al., L960;

Bhatia and Randeria, L970). Bhatía and Randeria (1970) found that

identification of abberant secretors depended upon the type of anti-H

used. They suggested that these individuals may secrete only a parË

of the ABH cornplex and may be missing only that part of the complex

which reacts with the antiserum which was being tested. An

alternative explanation is thar Ehe rates of forma,tion of the
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products of the H and ABO loci are índependent and that abberant

secretors are indivÍduals in whom these rates are greatly different

(Boettcher, L967a; Bhatia and Randeria, L970).

XI Structural Studies

(Ð Water Soluble Blood Group Substgnces

Values for the molecular weights of blood group substances,

which vary from 2 x 105 to 5 x 106, have been reported (Fiori et a1.,

l97La). The BGS was heterodísperse by both ge1 filtratíon (Fiori el

a1., L97La) and density gradient centrífugation (Creeth and

Denborough, 1970). Fíori et a1. (1971a) suggested that the maín

fraction of salivary BGS has a molecular weight within the range of
5Á

2 x 10- to 5 x l0-. In their gel filtration studíes these authors

also detected a second peak whích showed activity that eluted Ín a

fraction consistent with a molecular weight of slightly greater than

10,000. It r¡7as noË seen ín the saliva of all individuals and its

presence did not correlate with secretor status. Dializable

actíviËy was also found in the saliva of some indivíduals, again

independent of secretor status. These were probably oligosaccharides

simílar to those previously demonstrated in milk (Grollman and

Gínsberg , L967) and urine (Lundblad, L967) .

Blood group substances are composed of about 8Cfl/"

carbohydrate and 20% amino acids (Marcus , L969). Regardless of

specificity, the four sugars D-galactose, T- fucose, N-acetyl-D-

galactosamine and N-acetyl-D-glucosamine are present. Varying
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amounts of síalíc acíd are present, but do not appear to take part

in the ABH or Le specifícities. The amino acid composition of the

peptide backbone has been shown to be índependent of the specificity

(Pusztai and Morgan, 1963) . Serine and threonine constitute about

40% of. Ëhe toEal amino acids present.

The first evídence that ímmunodomínant sugars were involved

in the specifícity of blood group substances came with the finding

that agglutination of human group O ce1ls by an ee1, antí-H could

be ínhibited by the simple sugarÐ( -fucopyranosíde (l^latkíns and Morgan,

L952) . AggluLinÍns from other sources, includíng human anti-H r,lere

not inhibited by fucose which indicated that a more complex

determinant \nras involved. SÍmilarly, N-acetyl galactosamine was

shown to inhibit the reaction of A cells with the plant agglutínin

Vicia cracca (Morgan and inlatkins, 1953) . The disaccharide

O4-N-acetyl-D-galactosaminoyl-(f+3) galactose, obtained as a

hydrolysis product of human A substance r^ras effective in decreasing

agglutination by human antÍ-A (CðtJ and Morgan, Lg56). Kabat and

Leskowitz (f955) obtained símilar results in a precipitation-inhíbition

system and further showed thatÞt-D-galactoside ,decreased the

precipítation of B substance by human anti-B. The same sugars vzere

also shown to interfere specifically with the action of enzymes

capable of destroying blood group activity. This presumably is an

example of product ínhibition (l^Iatkins and Morgan, f955).

The methods of agglutínation and precipitation-ínhibÍtion

r^7ere extended by employment of well-defined oligosaccharides. A

pentaose which contained the moÍety (a) inhibited agglut,ination by

anLi-Le(a) serum.
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(a) o -ÐËL-fucosyl

( 1"4)

OpD ga la ctosyl - ( 1- 3) -N-a ce tyl-D -g lucos amine

Maximum inhíbition in an Le(b) system was obtained if an

oligosaccharíde was included having the Le(a) structure with an

additional fucose residue joined by an0(1-2 linkage to the galactose

(I,Jatkins and Morgan, L957; Watkins and Morgan, L962). Horse

antiserum directed against pneumonococcus type XIV polysaccharide

cross-reacts wíth human blood group substances. Precipitation ín

this system r{as inhibited strongly by the dísaccharide O-p-O-

Galactosyf-(1-3)N-acetyl glucosamine (lJatkins and Morgan, 1956a)

Iseki and Masaki (1953) found that treatmenË of blood

group A substance with a bacterial A dest.roying enzyme, resulted in

an increase ín H activity concomitant with the loss of A character.

Similar results were observed with B substance (Gibbons and Morgan,

L954). Exposure of ovarian cyst H substance to an H decomposÍng

enzyme resulted in an unmaskíng of Le(a) activity (l^Iatkins, 1962).

The reactívíty \^7ith antÍ-pneumonococcal type XIV polysaccharide

generally increased in all these enzymatíc procedures (InIatkins,

19s6).

More direct evidence for Ehe structure of blood group

substances has been obtained by chemÍcal degradation procedures.

Partial acid hydrolysis of blood group B substance yielded two

serologically active trisaccharides (b and c) and one active

disaccharide (d) (Painter et al., L962, f963).



(b)

(d)
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O -fi-l -ga lactosyl - ( I - 3) -oP-D -ga lactos y1 - ( I -3) -N

ace ryl -D -g lucos amine

o -ü-o- galac tos yl- ( 1 -3) -o -P-D gala ctosyl - ( 1 -4) -N

(d)

ace tyl-D -glucosamine

O-$(-D-ga lactosyl -( I -3) galactose

The corresponding active fragments were found as hydrolysis

products of A substance with N-acetyl-D-galactosamine substituted

for the galactose aL the non-reducing end (Cheese eL al., L96L;

Côtá an¿ Morgan, 1956). Numerous non-actíve oligosaccharides were

identified, many of which \^7ere comnon to both A and B substance.

The fragments which contain eð a B 1-3 linkage berween Ëhe penult,imate

galactose and the N-acetyl-D glucosamine rrere designated as type I

chains and those wíth the fi t-O linkage as type II chains (Rege et

a1., L963). Several fragments which possessed fucose were obtained

despite its acid-labile linkage.

Rege et al. (L964a), who u5ed an alkali degradatíon

procedure, obtained an H active trísaccharide (e) from H substance.

( e) o-.Ð(-f uco se

t

I (i-2)
I

O -p-O-ga f a c tosyl - ( I -4) -N ace tyl -D -glucos amine

Alkali degradation of A and B substances yielded several

oligosaccharides (f and g) (Painter eË al., 1965; Lloyd and

L967). Fragments of the type I chain r¿ere also obtained.

O-ffif ucose

(L-2)

O - "- 
(N -a ce tyl) -D-ga 1a ctosaminyl -O -$-D-ga f a ctosyl - ( 1 -4) -

N- a ce ty1- D- g lucosamine

active

Kabat,

(f)
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(e) o_ {\-i, f ucose

I

I ( r-2)

O -#"-D ga la cto syf - ( I -3) -O-p-o -gala ctosyl - (L-4) -N -ace tyl -D

glucosamine

An Le(a) active oligosaccharide (h) was obtained by

alkali degradation of Le(a) substance (Rege et a1., L964b). The

correspondÍng type fI structure was inactíve.

(h) o-N-l fucose

( 1-4)

O -F-O ga lactosyl - ( 1 -3) -N-ace tyl -D -g lucosamíne

From Le(b) substance the active fragment (i) was obtaíned

(Marr et al., L967). Agaín the correspondíng type II structure T¡ras

inactive.

( i) O-ff-L fucose o-H-L fucosyl

(L-2) ( r-4)

O-fi-D galactosyl-( f -3) -N acetyl-D-glucosamine

Table II - 2 summarizes our current concepts of the

structures Ínvolved in the specifÍcities at the non-reducíng ends

of the carbohydrate portion of blood group substances.

Lloyd and Kabat (1968a and b) isolated a branched

oligosaccharide (j). They concluded that the carbohydraËe chain

had a branched sËructure, wíth one branch being a type I chain

and the other a type II. Moreno et al. (1971) suggested that the

A, substance lacked the terminal N-acetyl-D-galactosamíne on the

type I structure whereas the A, substance could have both complete

chains.
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Table II - 2

The Serologically-Active Non-reducing End Groups
of Certain Blood Group SubsËances

Fuc
il ( r-z)

Fuc

fi,(l-2)
.i'. F@) .*o"--

Type 2 Chain

Fuc
Ntt-z>

j Speci-
ì ficity
¡

Fuc
D( ( r-¿*)

Fuc
H,t r-¡)

Le

I

ß( r-4) N

Gal Ì--- GNAc--

Fuc Fuc
W(r-z> NCr-s)

.j, P.*) .loo"--

crnqe"W' .i, ßct+l 
GNA.--

Fuc
N<i-a>.t

eur fu) .j, p(14) GNA.--

b
Le

ßt r-¡>
Galt

.!, Pt-t-¡l GNA.__

"^rþE' .lo.--

Fuc Fuc
ffi(r-,2) H (r-Í)

c''r F-G.3) .loo"--

Fuc
x(1-2)

8G:1) I ßc¡lGalNAc Gal r GNAc--

Fuc
N'( i-?)

f,{ r r-:i | {r r-glGal Gal l- GNAe--

Speci- J

fÍcity i
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( j) p-o-gar-( r-4) -$-o eNec t
'6

ga la ctitol
/3

ß-D-eal-( 1-3) -,å-n-cuec 1ri-
Feizi et al. (L97L a and b), by periodate oxidation, showed

that the I specificíty ís concealed inËerior to Ëhe A, B, H, Le(a)

and Le(b). One anti-r serum whích was tested was inhibired by the

disaccharide moieEV$ -D-gaf-(l 4) -Ë-D-cNAc-(1-6) . However, as orher

anti-I sera r¡Iere not inhibited, it would Índícate that the I

specifícÍty is somewhat heterogeneous.

LnformatÍon gained from alkaline degradation indicated

that the carbohydrate is attached to the protein backbone by a

glycosidic linkage between N-acetyl galactosamine and either serine

or Ëhreonine (Kabat et al., L965; Donald et al., L969).

01ígosaccharides Ísolated from this linkage region (Lloyd et al.,

1968b; Aston eL al., 1968) enabled Lloyd er al. (f968 a and b) ro

suggest a composite structure of the carbohydrate chain (k) .

(Þ) Glvcolipid Blood Group Antigens

Blood group acLive lipids were first. isolated from

erythrocytes by Masamune who used fractionation with organíc

solvents (cited in Hakomori, 1970). They were found to be

water-soluble glycolipids which contained amino sugar.

Hakomori and Strydnarz (f968) separared rhe glycolipid

fraction of A_ cells int,o three components which all carried A
1
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specificíty. I^Ihen A, cells were used as the source of glycolipid,

only two of the corresponding components could be detected. Two

B active glycolipids were isolated from B erythrocytes. A

component capable of inhibíting agglutinatíon of O cells by

Ulex europagus was isolated from group 0 ce1ls. This fraction

also showed strong Le(b) activity. The two activíties could not

be separated.

Hakomori and Jeanloz (L964) isolated a glycolÍpid which

contaíned fucose, glucosamine, glucose, and galactose (l:1:1:2)

from a human adenocarcinoma. It T^7as shor¡rn to inhibit Le(a) and

H agglutination (Hakomori eË al., L967). Later work indicated

that Le(a) and Le(b) activity could be found together in tumor

tissue and glandular tíssue but not in parenchymatous organs

such as kidney and liver (Hakomori and Andrews, L970). Ln these

latter organs the Lewis specificity is that of the erythrocytes.

In tumor tíssue no A or B actívity \4ras observed.

Hakomori (1970) suggested that a tetrahexosyl ceramide

( 1) is the common skeleton of all the blood group glycolípíds.
ßË(1) gal 1:l GNAc 1-w-3 Gal 1-4 glu-ceramide

This was obtaíned afËer Smith degradatíon of A or B

active glycolipids or after weak acid hydrolysis of Le(a) active

material. The molar ratios of the sugars in A and B materials

índicated that their specificity resides in a terminal N acetyl

galactosamine or galactose, respectívely. Hakomori (1970)

suggested that a fucose residue is probably attached to the

penultimate galactose of the A or B structure. Koscielak et al.
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(f970), however, found this galactosyl resídue to be unsubstituted.

XLI Synthesis and Genetics of Blood Group SubsEances

In 1959, tr{aËkins and Morgan (I^Iatkins, 1959) introduced a

theory for the synthesis and genetics of the water-soluble blood

group substances. From the known structural, serological and

genetical data they concluded that the genes involved in blood

group specificity acted through the producËion of specífic glycosyl

Ëransferases which added sugars sequentially Eo the non-reducing

ends of carbohydrate chains of a preformed glycoprotein molecule

and thereby endowed it wiËh its characteristic serologíca1

identity.

A glycoprotein wiËh a chemícal composition símilar to that

of blood group substances ha.s been shown to be present ín the

secretions of non-secretors who are also Le(a-b-) . This molecule

cross-reacted with antiserum prepared against pneumococcal type

XIV polysaccharide. The role of the Le gene \¡ras envÍsíoned as the

production of a fucosyl transferase which added an M, fucose to this

inactíve precursor material to give it Le(a) specificity. More

recent structural studies have indicated that the addítion of the

fucose is to the C-4 of the penultimate N-aceËyl glucosamíne of

the type I chain of the precursor molecule (Rege et a1., L964b).

The presence of the correspondíng fucosyl residue on the type II

structure may be a ner¡r and presently undefined genetic marker
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(Lloyd and Kabat, 1968a).

The H gene r¡/as a.lso thought to code for a fucosyl

transferase which, in this case, added an Lii fucose to tlne C-2

posiËion of the terminal galactose of either a type I or type II

chain. The secretor gene appeared to conLrol the expression of

the H gene. The dominanË se gene was considered inactive while

the homozygous sese prevented the expression of the H gene. The

Le(b) specifícíËy !üas thought to result from an interactÍon of the

Le and H genes. This \¡ra.s a slíght modif ication of the scheme

oríginally put forward by Cepellini in which Le(b) was due to an

interaction of the Le and Se genes.

The N-acetyl galactosamíne transferase and galactose

Lransferase, consÍdered to be the products of the A and B genes

respecËively, were thought to requíre the H structure to serve as

acceptor for the addition of the sugar. Thus, the secretor gene

would control Ëhe presence or absence of A or B actívity in secretions

by the control of the expression of the H gene.

The demonstration of the appropriate glycosyl transferases

in glandular tissue, ovarian cyst epithelium, and milk have

supported this hypoËhesis for the synthesís of blood group substances.

The milk of secretor individuals has been shown to contain a soluble

fucosyl transferase which can Ëransfer L-fucose from labelled GDP-L

fucose to a D galactose residue of milk oligosa.ccharides. This

enz)¡me can not be demonst,rated in the milk of non-secretors (Shen

et al., 1968). An N-aceEyl galacËosaminyl transferase has been
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shown to be present in the mílk of group A and AB indivÍduals but

not ín the milk of group B or 0 índividuals. It could transfer

N-acetyl galactosamine from IIDP-N-acetyL-gaLactosamine to some

milk oligosaccharídes (Kobata et al., 1968a). The enzyme vras

subsequently purified 55 fold and shown to require an acceptor

which had a termínal galactosyl residue subsËituted at the C-2

position with an L fucose (Kobata and Ginsburg, L97O). The

specificity of the enzyme and its presence ín the milk of A

and AB indivíduals regardless of secretor status supported the

hypothesis of tr{atkins and Morgan that the presence or absence of

ABH substances ín secretions is controlled at the level of the H

specíficity. A galactosyl transferase which showed similar properties

was demonstrated ín the milk of group B and AB secretors (Kobata

et al., 1968b). The presence of appropriate fucosyl transferases

has been demonstrat.ed in the mí1k of individuals who have the Le

gene whereas they r¡rere not det,eclable in individuals homozygous for

the le gene. Similar results were obtained when gast.ric mucosa)

submandibular gland tÍssue or ovarian cyst epithelium was used as

a source of enz¡rmes (Zíderman et al., L967; Race et al., 1968;

Hearn et al., 1968; Race and Watkins, L97O; Hearn et al., L972).

Hearn et al. (f970) demonstrated a partícle-bound enzyme in human

submandíbular glands and stomach mucosal tíssue which could transfer

N-acetyl-D -galactosamine from llDP-N-acetyl-D -galactosamine to a

pepËide acceptor isolated from human blood group subsËance.

It had been assumed that this synthetic scheme would be
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the same for the red cell antigens. In support of thís,

Schenkel-Brunner and Tuppy (1970) found that after group O or

B red cells were incubated with an enzyme preparaËion from the

gastric mucosa of a group A individual, the cells were rendered

agglutinable by anti-A serum. Similarly, an enzJ¡me preparation

from group B gastric mucosa, conferred some group B specificity

upon group Al, A, and O erythrocytes. In both cases the

appropriate nucleotide-sugars \¡tere required in the incubat,ion

mÍxture.

However, contrary to the assumption of similarity in the

synthesis of the alcohol-soluble and water-soluble forms of the

antigen, Koscielak et a.l. (1970) isolared A-acrive glycolipids

which lacked the fucose residue on the penulËimate galactose.

This would suggest that the specificity of the enzymes involved

ín the synthesis of the glycolipid anrigens may differ from those

which synthesíze r¡rater-soluble blood group subsLance.

XII] Quanti ta t ive Hegagg luEination

The first attemPt to estimaËe the relative concentration

of antibody in serum by the Ëechnique of serial dilution of rhe

serum was made by Foerster in L897. This has since become a

standard procedure Ín blood-grouping labora.tories. The reciprocal

of the híghest dilution of the antiserum which gives detecrable

agglutinaËíon is designated the tÍtre of the serum. Aggrutination

has been read either macroscopically or microscopically and is
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therefore a rather subjective judgement. Callender and Race (L946)

assigned values between I and 10 with respect to the degree of

clumpÍng wíth each of the antiserum dilutÍons. The sum of the

values for the series of dilutions 'nras called the titration score.

In some cases it allowed a differentiation amongst sera which had

Ehe same titre.

Radioactively-labelled antibodies have been used mainly

to estimate the number of antígenic sites present on red cells.

Boursnell, Coombe and Rizh (1953) ,r""d 131f ragged anri-Rho(D) serum

to estimate the nurnber of Rho(D) sites per cell. They found

considerable nonspecific bíndÍng of labelled serum proLeins to the

cells. This could be reduced by the inclusion of non-labelled

serum proteins in the reaction míxture (Hughes-Jones et al., Lg62)

or by the use of antibodies purified by absorpËion and elution

(Masouradis, L959). Hughes-Jones (L962) has used rhis rechnique

to study the kinetics of anËibody-red ce11 interactions.

The use of microscopic ce11 counting techníques in the

study of hernagglutínaËion originated with Ashby in 1919. The

method, as currently used, is based on the sËandard serial dílution

assay. Following incubation of the antiserum dilutions with the

ce11 suspensÍon, the reaction mixture is transferred to a

hemocytometer chamber and the number of unagglutínaLed cells per

unit volume is counted. This value is then calculated as a percent

of the free cells ín an unreacted test cell suspensíon and the

percenË agglutination can be computed. In several studies

electronic particle counters have been employed (Goodman, L962;
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GÍbbs and Becker, L963; Bowdler and Swisher, L964; Gibbs et al.,

L965; Greendyke and Swísher, 1968).

Separation of free cells from agglutinated cells has

been obtained by differential settling rates and by centrifugation

(Renton and Hancock, L964; Dybkjaer , 1966). After separarion, the

cells were hemoLyzeð and the quantity of released hemoglobÍn was

determined photometrically (Dybkjaer, L966). From rhe respecrive

optíca1 densities found for the free and agglutinated ce11

fractíons, the percent agglutination was calculated. The

quantítatíve hemagglutination studies which use the auto-analyzer

involve the sirnilar prÍnciple of removing agglutinat.es by settling

and, after hemolysís, passíng either the free or agglutinated cells

through a colorimeter (Rosenfield et al., L964; Greenwalt and

Steane, 1970) .

Filítti-I^Iurmser and colleagues have used the hemocytometer

cell-counting method to study some physico-chemical aspecËs of

hemagglutination. They found that, at a constant temperature, when

increasing numbers of red cells were mixed with a fixed quantíty of

serum, the number of agglutinated cells increased to a maximum and

then plateaued. hlhen this reaction was carried out at 4oC. the

maximum lvas called NO or if carried out at 37oC. it was called N3r.

They used this value as a measure of the concentration of

agglutinins in the serum.

The maximum number of cells agglutinated at 4oC. (N,)
4

is greater than that at 37oC. (*gZ) . The dísplacemenr of

equílibrium by changes in temperaËure appeared fully

reversible (Filitti-Wurmser and Jacquot-Armand, L947) .
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Filitti-I^iurmser et al . (L954) found that the raËio of No:N' for

an anti-B serum was characteristic of the genotype of the donor.

A second approach which the authors used r¡ras to measure

the residual antibody (N'4) which followed the reacËion of a known

amount of antiserum (N4) wíth a known quantiËy of red cells (Nt).

The difference of NO-Nr* was Ëhe antibody which was fixed (Nf). As

they had shown that the reactíon r4ras reversible they were able to

use the mass action law. From theoretical calculations it was

found that a straight line should be obtained when Nt/Nf r"" plotted

against 1/N'4 and that its slope should be proportional to the

equil-ibrium constanE of the reaction. When experimental values were

used, the slope was shown to be characteristic of the AB0 genotype

of the anti-B donor. The ratios of slopes found at two different

temperatures r¡rere substítuted into the van trHoff equatíon and the

enthalpy calculated.

Salmon and his colleagues have extended this techníque to

the study of weak forms of ABO antigens and modifications of

ant,igens and isoagglutiníns during the course of disease (review

by Salmon, 1969) .

I{ilkie and Becker (1955a and b) have developed an

alternative meËhod to quantitate hemagglutínation. They found

that when the agglutinat.ion of constant quantíties of red cells

by increasing dílution of serum was measured, and the values

obtained were plotted ín terms of the logarithm of the concentration

of the serum, a sigrnoidal curve was obtained. Their reference

point was the ÐSO. This was def ined as the concentration of serum
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required to agglutinate 5tr/" oÍ. the cells of a test suspension.

I^Ihen the percenË agglutination was converted to probit values and

these were plotted agaínst the logarithm of the concentration of

antiserum, â straight line was obEained between values of. LTL and

97% aggLutination. This probit transformation facilitated

determination of the HD

an

the

50
A shift of the probit line to the left is indicative of

increase in the potency of the antiserum, whereas a shift to

right indicates a decrease in potency. However, there is at

present.no theoretical explanation for differences in the slopes

of probir lines (salmon, 1969). Etlis er al. (L964) suggesred

that dífferences in slope a.re due to qualitative differences.

They found that the rea.ction of A, cells vrith anËi-A serum

consistently produced lower slopes in probit plots than when A,

cells were used. On the ba.sis of sirnilar slopes they assigned

the weak A varient", 44, Ao, and A,n into one group A*.

The classical procedure for the quantiËation of soluble

blood group subst,ance has been by hemagglutination-ínhíbition

(Yamakami , L926). Increasing twofold dilutions of the secretíon

to be tested are incubated with a constant amount of antiserum.

After a set length of time a blood suspension of the appropriate

group ís added t.o each of the reacËion mixËures. If soluble

antigen of the proper specificiËy is presenË it will decrease

agglutination of the test ce11 suspension by forming complexes

wiËh ant.ibodies in the serum. The títre of the secreËion is the

highest diluËíon of the secretion which completely inhíbits visual
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agglutination.

Gibbs et al. (196fa) ernployed hemocytometer counts and

probit analyses to quantiËate more accurately inhibition of

agglutination. The reference point which they used was the

concentration of the inhibiting substance which resulted in 50%

agglutínation of the indícator red cells (HID50).

The reactÍons of human anti-A and hog A substance

indicated differences bet\^reen antibody found in individuals who

had had no deliberate antígenic stímulus and in those who had been

ímmunízed !'7ith blood group substances (Gibbs eË al., f96fb) . The

naturally occurring isoagglutinins had a lower slope for the probit

1ínes, and required Larger doses of blood group substance for

inhibítion. The authors suggested that the decreased slope when

non-stimulated antiserum was used was due to the less specific

nature of the natural antibodies wíth respecË to hog A subsEance.

Equílibrium studíes also showed that the anribody-blood group

substance complexes, formed with non-stímulated sera, dissociated

more readily than those formed with sera from immunized donors.

These findings were confirmed when pre- and post-immunized

sera hTere studied (Gibbs eL al., L97L). The rate and magniËude of

these changes could be seen to differ amongst ÍndivÍduals. The

authors suggest that thís variation may reflect primary and

secondary im¡nune responses. However, they admit that the theoretical

interpretation for changes in the slope of the inhíbitÍon assay

curve ís uncertain.
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Bar-Shaney et al. (1970) used another method to quanËitate

hemagglutÍnatíon-inhÍbition. They absorbed the blood group substance

in saliva onto lytron particles. These coaËed parËicles were then

allowed t.o react with the antiserum. Following the incubation

period, the lytron beads, which now had blood group substance-antibody

complexes bound, r¡/ere centrifuged. The supernaËant which contained

the resídual antibody was used to measure hemagglutination. This

modification to the method prevents dissociation of antibody-blood

group substance complexes after the ce11 suspension has been added.

The hemagglutinaËion was assa.yed with an autoanalyzer. In theír

sËudy they found a semilogarithmic relationshíp when percent

inhibítion r¡/as plotted as the response to the logarithm of the

concentration of the inhibitor saliva.

XIV S aliva

(Ð ComposiËion of S alÍva

The whole saliva is made up of the secretions from 3 paírs

of large glands, Ëhe parotid, submandibular and sublíngual, as well

as those from numerous small mucous glands found on the lingual,

buccal and palatal surfaces of the oral mucosa.. The individual

salivary secretíons differ from one another in their composition

and relative contribution to the whole saliva.. The whole saliva

may also contain gingival crevice fluid, leukocytes, bacteria,

dental plaque, and food debris.
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The principal electrolytes of sa1Ívary secretions are

sodium, potassium, calcium, chloride, bicarbonate and phosphate.

Subrnandibular and sublingual saliva are similar in their electrolyte

compositions but díffer considerably frorn Ëhat of parotid saliva.

submandíbular and sublingual saliva have higher concentrations of

calcium and lower concentrations of potassíum than does parotíd

saliva (Chauncey et al., L966). The minor mucous glands have

virtually no bicarbonate and little phosphate and have chloride as

the principal anion (I{ood and Dawes, 1968).

The non-dialysable protein concentration is higher in

parotid than in submandibular saliva (Daniels and Newbrun, L966;

Newbrun, L96l; Caldwell and Pigman, 1965a) . The prorein

concentration of lip mucous secretion is in the same range as that

of parotid salíva (l^Iood and Dawes, L96B; lulandel, unpublished

results). The carbohydrate concentration is higher in parotid

saliva than in submandibular saliva (Mandel et al., L964). Hov/ever,

the ratio of carbohydrate to protein \^ras símilar in the two

secretions (Newbrun, L967), or slightly greater in submandibular

saliva (Mandel et al., 1964). The concentration of carbohydrate

in the secretions of the minor mucous glands appears to be hígher

than that in the secretíons of the major glands (Mandel, unpublished

results).

A large number of bands are seen following electrophoresís

of saliva (Meyer and Lamberts, L965; Caldwell and Pigman, L965b;

Mandel , L966>. Many proteins in saliva are ídentical to serum

proteins while others are specific for saliva (MandeI and Ellison,
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L96L; Stoffer et al., 1962). As well, many of the enzymes observed

in whole saIíva are of bacterial orígÍn (Ferguson, 1968) while

others, such as amylase, are secreted by the salivary glands.

From 4 to B amylase Ísozymes can be identified in parotid

saliva (Lamberts et al., L965; Wolf and Taylor, Lg67; Kauffman et

al., 1970) and these same isozymes appear to be present in

submandibular saliva in lower concentrat.ion (Larnberts et al., L}TL).

No amylase activity can be detected in the minor mucous gland

secretions (Dawes and trnlood , L973b) . Lysozyme is present Ín hígher

concentratÍon in submandibular-sublingual saliva than in parotid

saliva (Hoerman et al., 1956). Alkaline phosphatase activity is

highest ín mixed salÍva, with much less activity ín parotid saliva.

The activity in submandibular saliva ís intermediate (cornish and

Posen, 1968). No data is available on either the lysozyme or

alkaline phosphatase acËivities of minor mucous gland secretions.

The concentrations of secretory rgA in parotid and submandíbular

salíva are símilar and considerably lower than that in whole saliva

(Brandtzaeg et al., L970). secretory rgA has also been derected in

lip mucous gland secretions (Mandel, unpublished results).

Most ímportant. to the present study was the finding of

Wolf and Taylor (L964) that the concentraËion of BGS was highest

in sublingual saliva, less in submandibular saliva, and present

ín only trace quantities in parotid sa.liva.
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fnfluence the ComposiLion of Saliva(Ð Factors

1 Flow Rate

In 1878, Heidenhain demonsËrated that the concentration

of inorganic salts in the submandibular saliva of dogs varied in

proportion to the ra.te of secretion (cíted in Thaysen eË al., Lg54).

It is nor^7 accepted tha.t flow rate also influences the composition of

human saliva.

As the flow raËe ís increased slightly above the unsËimulaËed

rate, sodium and bicarbonate concentrations and pH increase in

parotid saliva, whereas potassium, calcium, phosphate, chloríde, urea

and proËein concentrations decrease. At higher flow rates, sodium,

calcium, chloride, bícarbona.te and protein concentrations and pH

increase, whereas the phosphate concentratíon decreases. There is

litËle further change ín the potassium concentration (Shannon and

Prigmore , L960; Dawes , L969). The specif ic acËivity of amylase \¡ras

shown to be higher in stimulated than in unstimulated parotid saliva

and independent of flow rate (Dawes, L972a). The concentration of

secretory IgA in paroËid saliva decreased wíËh an íncrease in the

flovr rate, which was probably due Ëo a non-acinar cell origin

(Brandtzaeg, L97L¡' Mandel and Khurana, f969). When subjecred to

gel electrophoresis, severa.l proËein bands were seen with

unstimulaEed saliva Lhat could not be seen wíth st,ímulaÈed sa1íva.

This was not found with submandibular saliva (Dawes, L972a) .

Caldwell and Pigman (f966) found a relatÍonshíp berween

protein concentration and flow rate in submandibular saliva. The
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highest concentrations of protein-bound carbohydrate r,^Jere found in

unstimulated submandibular saliva. Lorrl levels of stimulation

produced the rowest values of glycoproteins and the concentration

increased with increased flow raËe. The síalic acid : fucose ratio

increased in non-secretor individuals when the flow rate rnras increased,

whereas, the ratio was fairly constant in secreLors. This would

suggest that the proportions of individual submandibular

glycoproteins are flow rate dependent. The ratio of carbohydrate :

proteín decreased with increased flow rate" Mandel et al. (f965)

had previously found a correlation between non-diaLLzabLe

carbohydrate and proteín ín parotid saliva.

2 Duxatíon of S timulation

Dawes (L967) showed rhat with gustatory stimulation to

produce a constant parotíd flow rate, the protein concentration

iniËially fell below that of unstimulated saliva and then Íncreased

uPon continued stimulation. Bícarbonate concentrations increased

conLinuously wíth durat.ion of stimulation and chloride showed a

reciprocal decrease (Dawes , L969). The concentraËion of parotid

sodium showed an íniËial increase upon stimulatÍon but did not

change upon further stimulation. After an initial drop ín

concentratÍon, potassÍum and ínorganic phosphate were subsequenËly

independent of the duration of the stimulation (Dawes, L969) .

3 Nature of StÍmulus

There is evidence that the nature of the sËimulus can
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influence the compositíon of salívary secretÍons aside from theÍr

effect upon flow rate. Dawes (L966) found higher values for proteín

and calcium and lower values for potassium and sodíum in

pilocarpine-stímulated parotid saliva than in lemon drop-stimulated

saliva when collected at the same flow raLe. Mandel et al. (L967)

found hígher activities of amylase and lysozyme and a higher

concentraËíon of calcium ín pilocarpine-stimulated parotid saliva

than in saliva stimulated by T/" citríc acíd. The proEein concentratÍon

in submandibular saliva showed no difference wiËh the two forms of

st,imulatíon. A 30% sodium chloride soluËion produced higher protein

and protein-bound carbohydrate concentrations than other gustatory

stimuli (Caldwell and Pigman, L966) .

4 Time of Day

The time of day influences the flow rate and composition of

salíva. circadian rhythms \^/ere found in the flow rate and in the

sodium and chloride concentrations of resËing whole salíva (Dawes,

L972b). No rhythms l¡rere seen in the concentrations of protein,

potassium, calcíum, phosphate or urea. The protein concentration

of stimulaËed parotid saliva hras found to have a rhythrn of hÍgh

amplitude r¿ith the acrophase in the afternoon. sËimulated parotid

saliva also showed rhythms in sodium, potassium, calcÍum and

chloride concent.rations but not in phosphate or urea concenËraËions.
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J Proportional Contributions to l,rÏhole Saliva from Dífferent Glands

As the compositions of the individual secretíons are not

identical, aDy factors which alter their proporËional contributions

to the whole saliva would influence the composition of the whole

saliva. Gore (1938) found that parotid flow rate increased relative

to rrmandibular" saliva (submandibular and sublingual) upon

mechanical stimulatíon (wax). Schneyer and Levjn (1955a) found that

about 69% of the restíng saliva rnTas contributed by Ëhe submandíbular

glands, 26% by the parotid, and abour 5% by the sublingual glands.

Upon stimulation by weak acet.ic acid the proportional contribution

by parotíd saliva increased to 34% (Schneyer and Levin, 1955b).

Shannon (L962), who used rubber bands as a salivary stimulus, found

that the proportional contrÍbution of the parotid saliva increased

frorn 40.6 to 49.1 when the number of rubber bands was íncreased from

1 to 4. I,{hen 16 mg of pílocarpine hydrochloríde was adminisrered,

the percentage contribution of parotíd salÍva rose from 40.7 at the

onseË of the drug effect to 48.1 one hour later. Dawes and Jenkins

(L964) found a higher raËio of parotid : submandibular flow rates

with mechanical stimuli than with sapíd srimuli. shannon (1967),

who used various acídic candies to stimulaËe salivaËion, observed

an increase in the mean whole saliva flow rate from 0.22 to L.B6

to 2.78 to 3.00 ml./min. when the various stimuli were used. The

percentage contribution from Ëhe parotid gland increased from

32,9 to 40.7 to 47.2 co 50.4 respecrívely. Dawes and trnlood (1973a)

found thaË the minor salivary glands contributed B% of the

resting sariva and 7% of sour lemon drop-stimulaËed whole salíva.
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During sleep no parotid flow could be demonstrated (schneyer et al.,

1956). A small amount of submandibular and sublíngual flow was

noted but the authors suggesËed that this might be due to

stimulation by the collecting device. Thus Ëhe proportional

contribution to whole saliva frorn indívidua.l glands depends upon

total flow rate, the nature of the stimulus and on the time of day.
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CHAPTER ]]]

METHODS AND MATERIALS

I Introduction

A rnethod for quantitative hemagglutÍnation-inhibition was

developed as a modificatíon of the quanËítative hemagglutination

technique of Dybkjaer (L966). A seríes of experiments r¡zere

performed Ín an attempt to elucidate the most suitable conditions

for the method and to evaluate it.s accuracy. The technÍque was

subsequently used to test the effect on the concentration of blood

grouP substances in human submandibular salíva of certain varíables

whích are known to ínfluence the compositíon of saliva. rt was

also used to examine the relative contributions of the various

salivary glands to the content of blood group substance in the

whole saliva

If. Reagents

(Ð Buffer

Al1 dílutions were performed wíth an isotonic M/15 phosphate

buffer prepared with sodium and potassium phosphate salts and sodíum

chloríde and adjusted to pH 7.3. This will be referred to as phosphate

buffered salÍne (PBS).
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(Ð Anti-A Serum

The human anti-A sera used in the experiments were kindly

donated by the Canadian Red Cross.

The sera vtere received frozen. They were thawed, dívided

into 0.25 rnl aliquots and refrozen at -6ooc. rndividual aliquots

T¡/ere removed f rom the freezer as requíred.

The thawed serum was then diluted with pBS to the desired

concentraEion. For most inhibition experiments a 1/B dilution was

used. I^Iíth the saliva of one group AB individual (D.s.) a dilution

of L/L6 was employed. Dilutions of up to 1/BO were used when

parotid salíva was being treated.

(c) Anti-H Ulex eu5opaeus

Seeds of the plant Ulex europaeus were obtained from

Thompson and Morgan (Ipswich) Ltd, Ipswich, Suffolk, England. The

extracts r¡Iere prepared by the method of Boettcher (f967b) with slíght

modification.

The seeds \¡rere ground to a fine powder by a mortar and

pestle. 200 ml of cold PBS was added to 25 grm of the ground seeds

in a 500 ml Erlenmeyer flask. The suspension was left at 4oC. for,

24 hours and mixed by a magnetic stírrer. The mixture was then

allowed to settle and the supernatant was poured off and filtered

at room temperature by gravity through tr{hatman number I filter

paper. The filtrate r¡/as temporarily stored at 4oC.

A further 50 ml of PBS was added to Lhe sedimenr and the
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mixture \¡ras stÍrred for another 24 hours at 4oc. The solids were

again allowed to settle and the supernatant filtered through

I^ihatman number 1 paper. The two filtrates \^rere pooled and

centrifuged in the cold for 30 minures at L2,840 x g. The

supernatant \,/as stored aL 4oC. for 1 week and again cenErifuged

at 12,480 x g for 30 minutes. The supernatant was divided into

0.5 ml aliquots and stored frozen unËil required.

Individual aliquots were thawed when needed and cenErifuged

in a cliníca1 centrifuge for several mÍnutes. The supernatants hTere

diluted to L/ 2 r¡/ith PBS and used as anti-H reagent.

(g) Anticoagulaq!

Blood was stored at 4oc. for no more Ëhan three weeks in an

equal volume of sterÍle Alseverrs solutíon. Alseverf s solution \¡ras

prepared according to CollÍns (L967).

Dextrose

SodÍum Chloride

2.05 e

0.42 s

0.92 s

0.059 g

Trisodium Cítrate (2H2O)

Citric acid (.HrO)

Distilled HrO to 100 ml

The weights of the chemicals were adjusted from those of

the reference to account for the degree of hydratíon of the componenLs

used.

The solution was autoclaved for 10 mínutes at l2loc. and

19 tb pressure and 5 ml aliquots dispensed aseprically into 25 ml
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Erlenmeyer flasks which hTere then stoppered wíth sterÍ1e serum caps.

(Ð Blood Suspension

For all experiments, group A, blood and group 0 blood were

obtained from Ëwo donors (C.D. and R.14., respectively) . Venous blood

was drawn from the arm of the donor by means of a 10 m1 sterile

disposable syringe. FÍve rnl of blood was added to a 25 ml Erlenmeyer

flask, which contaíned 5 rnl of sterile Alseverrs solutíon, by

passing the needle of the syringe through the serum cap. Five ml of

air was wÍthdrawn from the flask Lo maintain the pressure at

atmospheric. This precaution was also taken when blood was removed

from the flask.

The hema.tocrit was determíned for the blood-antícoagulant

suspension (blood). A portion of the blood was placed in a hemaËocrit

tube and cenËrífuged for 20 minutes at. maximum speed in an Lnternational

Clinical Centrifuge.

The blood r¡7as stored at 4oC. It \^ras not used duríng the

first four days after it was drawn from the donor since ít was found

that this period was required for the blood to become stabilízed.

Inlhen needed, a small portion of blood \^7as removed from the flask by

passing the needle of a sterile syringe through the serum cap.

Measured aliquots rrere then made by micropipettes. These were \^rashed

twice with PBS . A 1% suspensíon \Áras then prepared wíth a volume of

PBS which depended upon the prevíously determined hematocrit. The

17" suspension was made up fresh for each experiment.
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(E) Hog Gastric Mucosal Blood Group Substance

Blood Group A substance purified from hog gastric mucosa

was purchased from the Metríx division of Armour pharmaceutical

company. The solution was lyophLLj-zed to dryness and brought to

a constant weight in a vacuum desiccator whích contained silica ge1.

A solution of 10 mg% blood group substance in pBS was prepared.

ft was divided into 0.5 ml aliquots and stored at -60oc. This was

used as the undiluted standard solution in both A and H assays.

(g) 20% Dexr,rose SolutLon

Ã 40% dextrose solution 'blas prepared in deionízed r¡/ater.

This was diluted to one-half concentratíon \^7ith pBS . This will be

referred to as 2cfll. dextrose. Tlne 20% dextrose was prepared

imrnediately prior to use.

(Ð Modified Drabkints Solurion

Modified Drabkínrs solution -nTas prepared as described by

Dybkjaer ( L966) .

Potassium cyaníde 50 mg

Potassium ferricyanide 250 rng

Sodiurn bÍcarbonate 1.0 g

Deionized \^7ater to I litre

This was not kept longer than three or four days after it

was prepared.
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( i) Glassware

The l0 x 75 mm test tubes which were used in the

hemagglutination-inhibítÍon assays had been prevíously soaked in

a l% solution of Siliclad (Clay Adams DivÍsion of Becton,

Dickínson and Company, Parsíppany, New Jersey) according to the

instructions which were included with the siliclad solution.

This was repeated after every 4 to 5 washíngs of the test tubes

ín order to reduce adhesion of erythrocytes to the glass surface.

IIf Saliva Co[ection

(C) Submandibular Salíva

Submandibular saliva was collected by a Schneyer-type

apparatus (Schneyer, 1955). This is an acrylic appliance, divided

into three chambers and has a section of polyLhene tubing leading

out from each chamber to the collecting vessels. ft is placed in

the floor of the mouth and held tightty in position by the tongue.

The central chamber covers the openings of both of the submandÍbular

ducts and the two lateral compartments cover the openíngs of the

sublingual ducts.

In one subject (K.K.) the Schneyer appliance could not be

used due to the anteríor posítion of the submandibular ducEs. In

thís one subject the left submandibular duct was cannulated dírectly

with polythene tubÍng.
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If the blood group assays \^rere not performed immediaÈely

after collection, the saliva samples were placed ín a boiling hTater

bath for ten minutes, the resultant coagulum centrifuged down, and

the superantants stored frozen at -60oC. All protein analyses were

done on the day of collectíon.

I Unstirnulated Subrnandibular Saliva

The subject sat motionless with the collection device in

place until sufficient saliva for the assay T¡zas obtained.

2 Stímulated Submandibular Saliva Collected at a Constant Flow Rate

A technique similar to that used for parotid saliva by

Dawes (1967) was employed to collect submandibular saliva at a

constant f low rate. I^Iith the cannula in place the subject sucked

on a sour lemon drop (SLD) while collecting the salíva into

graduated centrifuge tubes. A stop-watch was placed in front of

the subject and a mirror positioned to enable him to observe the

volume of saliva in the tube. The flow rate \¡ras regulated by the

intensity of suckÍng on the SLD. A one minute sample was collected

into each centrifuge tube. In most experiments, after a sample of

unstimulated submandibular saliva was obtaíned, saliva was collected

for 15 minutes at a constant f low rat.e.

3 Low Flow Rate - High Flow Rate Collectíons

The subject maintained a constant flow rate vrith a low

level of stímulation which was provided by a small piece of a
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previously fragmented SLD. After a small amount of unstimulated

submandibular saliva r¡7as obtained, five sequent.ial one minute

samples were collected at this low flow rate. At this point a

whole sIÐ was substituted for the fragment and l0 more samples

were collected at a higher flow rate.

4 Hígh Flow Rate - Low Flow Rate Collections

After collectÍon of unstímulated saliva the subject

collected sLD-stimulated submandÍbular saliva at the híghest flow

raËe which could be maintained constant. At this point the sLD

rl/as removed and 5 more one minute samples were collected.

(Ð l^lhole Saliva

Both unstimulated and wax-stimulated whole saliva samples

were centrífuged before blood group assays r¡/ere attempted (1240 x g

for 10 minutes). All collections r.{ere made before breakfast.

1 Unstimulated tr^Ihole Saliva

The subject sat motionless with his head down and allowed

the saliva to flow from the lower lip into a funnel inserted in a

10 ml graduated centrifuge tube in ice \nrater.

2 S timulated l^lhole S aliva

The subject chewed on a piece of paraffin r¿ax (melting point

52oC.) and spat the saliva into a test tube.



62

(c) Lip Mucous Gland Secretions

Lip mucous gland secretions r^rere collected by the method

of Dawes and Wood (L973a). The subject exposed the lower labial

mucosa by evertíng the lower lip. The mucosa rÁzas dried with a

cotton roll and droplets of secretion were allowed Lo form and

\^7ere then collected by rnícropipette. Both unstimulaLed and

SLD-stímulated samples were collected.

(_Ð Palatal S ecre t,ions

The subject r¡ras seated in a. reclining chair which was

adjusted t.o the fully reclined posítion. The palatal mucosa r,ías

dried with a cotLom swab. As the droplets of secretion from the

palatal glands formed, they were drarnrn off wíth a micropipette.

Only Ëhe collection of stímulated secretíon was undertaken.

StÍmulation \^7as provided by several drops of TA citric acid

applied to the tongue by a Pasteur pipette prior to collecLion.

(Ð Sublinsual S aliva

The parotid and submandibular ducts were blocked off

with cotton rolls placed in the buccal sulci and in the floor of

the mouth. The subject placed his tongue in the left cheek

exposing the openings of sublingual ducts on the right side.

This area was dried and isolaËed \^rith cotton rol1s. Secretíon

\¡/as stimulaËed by applícation of. T/" citric acid Ëo the tongue and
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the sublingual saliva was collected by micropipett.e.

(Ð Parotid Saliva

Unstimulated and SlD-stimulated parotid saliva was

collected with a Lashley cannula (Shannon and Chauncey, L967). As

the blood group activíty of paroËid saliva was found to be very low,

this study r¡tas not pursued beyond preliminary experiments.

LV Protein Analvsis

Proteín concentration was determined by the method of Lowry

et al. (f951) with HammersLen casein as a standard. The optical

density was read on a Unicam SP 500 spectrophotometer.

V Ultrafíltration of Saliva

A model 10-PA Ultrafiltration Ce11 (Amicon Corporation,

12 Hartwell Ave, Lexington, Massachusetts, 02L72) was used in

ultrafiltratíon sËudies of saliva samples. Thís r,,7as carried out

at 4oC. The degree of concentration \.{as esËimated from the volume

of the filtrate. Two membranes have been used: a 1M-10 which

reËaíns molecules greaLer than 10,000 l'{.Il,I . and a lM-05 which

retaÍns molecules great,er than 500 M.tr^I.
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S eroþgical De terminaËions

(Ð DetermÍnation of Blood Group

Two small samples of blood were obtained by a t'finger

prickil and immediately mixed with an approximately equal volume

of PBS. To one of the samples a drop of anti-A serum was added

and to the other a drop of anti-B and the two samples \¡rere

examined for visual agglutinatíon.

Group A individuals were considered to be of the subgroups

At if Eheir red cells were agglutÍnat.ed by an anti-A serum rvhích had

previously been absorbed wÍth A, cells.

(b) Determínation of Secretor Status

Only subjects of group A and AB were tested. One hundred

L¡,l of the saliva in question, which had been diluted to L/2 in PBS,

was mixed in a 10 x 75 mm test tube with 100pf of anti-A serum

whích had been diluted to 1/8. After 15 minutes, 100JU.L of a L%

suspension of group A cel1s was added. The tubes \¡rere capped with

Parafilm-covered rubber stoppers (size 000) , placed on a rotator

(Multí-Purpose Rotat.or, Scíentific Industries Inc., Springfield,

Massachusetts, 01103) and allowed to rotate at l0 revolutions/

minute. Cornplete inhibition of agglutination after several hours

of rotation indicated that the índividual T¡ras a secretor of A

substance.

VI
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(_q) Quantitative Hemagglutination-fnhíbítÍon Assay

For both the A and H assays, preliminary experiments were

performed on subjecËs who were known to be secretors but r¿hose saliva

was being studied quantitatively for the first time. The object of

this procedure r,ras to determine suitable díluEions for Ëhe

quantitatíve inhibítion assay.

One hundred-U.l serial dilutíons of saliva were made in

10 x 75 mm test Ëubes. l00rt\1 of diluted anri-A or anri-H were then

added and the mixture was allowed to incubate for t hour. At the

end of this period 100.rlrl of a l% suspension of group A or group O

cells, respectively, were added. The tubes r^rere stoppered and

rotated at 10 revolutions/minute. After several hours, agglutination

was examíned visually.

For the quantitative assay, dÍlutions \^rere chosen such that

several díluËions were included on either side of the dílution which

inhíbited 50% of rhe agglurinarion.

I A Assay

Between 4 and 10 suitable dilutÍons of the salíva sample

\^rere prepared with PBS . A 10014;1 aliquot of each dilution i¿as

transferred to a clean siliclad-coated 10 x 75 nrm test tube. 100,{Àr

of dÍluted anti-A was added Ëo each tube and left for I hour. This

will be referred to as the preincubation period.

After the preíncubatíon period, tOO'!1l of a 1% suspensíon

of group A, cells were added to each of the tubes. The tubes were
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then stoppered and rotated at l0 revolutions/minute for zo hours

(incubation period) .

Freshly prepared 20% dextxose r¡ras dispensed into clean

10 x 75 mm test tubes in 1.5 mt alíquots. At rhe end of the

incubation period the tubes which contaÍned the reaction mixture

were taken from the rotator and ,to/* I of the mixture was removed

from each and carefully layered on to the 20% dextrose. These

tubes \,/ere then cent,rifuged at 45 x g for 30 seconds ín an

Internatíonal Clinical Centrifuge with the aid of a rotation

counËer and a stop-T,^7atch (300 revolutions in 30 seconds). The

agglutinated cells migrated into the dextrose while the free cel1s

remained in the upper buffer layer.

The upper layers contaíning free ce11s were pipetted off

and placed ín clean 10 x 75 mm tubes. Both free and agglut.inated

cells were washed with PBS, centrífuged, and the supernatant

díscarded. one ml of modified Drabkints solution \^ras added to the

packed ce1ls. AfLer at least 10 minutes the optical densities

(0.D.) were read on a Unicam SP 500 at 542 nm. The percentage

agglutination for each dilution was calculated from Lhe opticat

densíties.

% aggLutLnation = O.D. agglutinated cells x 100%

0.D. free cells + O.D. agglutinated

ce 11s

2 H Assay

A similar procedure was followed for the H assay. Ulex
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europaeus extract r¡ias used as a source of anti-H and a 1% suspension

of group 0 cells were used as the indícator red cell suspension.

Volumes of 200þtl of the reactants i¡7ere employed which made a fínalI

reaction mÍxture of 600¡,t1. This minimized adhesion of red cells to

the sides of the Ëest tube. An Íncubation period of 6 hours r¡ras found

to be sufficient for equilíbrium to occur.

3 S tandard

WiËh each A or H experiment a parallel assay was performed

on the hog gastric mucosal blood group substance. Seven dilutíons of

Ehe standard solution were made and analyzed in the same manner as

the salíva samples.

VII Probít Analvsis

The data obtained by the quantitative hemagglutination-inhÍbition

techniquewere subjected to probit analysis (I^Iilkíe and Becker, 1955a).

The percentage values for the agglutination found with dílut.ions of

saliva or standard urere transformed to probít values with the aid of a

table of probits (Documenta Geigy, Scientific Tables 6th ed., L962).

The probít values for a series of dilutions r,^tere then plotted against

the volume of undiluted saliva or undiluted standard solution $lf) which

was used in the reaction mixture (Fígure 3 - 1).

Linear regression and correlation analyses Trere done on an

01Ívetti-Underwood Programma l0l. All correlation coefficienËs hrere

between -0.96 and -1.00.
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From the regression data, values for the slope and the y

intercept of the probit line were obtaíned. These r¿ere then

substítuted into the straíght line equation and the volume of

undiluted saliva or standard which resulted ín a probit value of

5.00 was calcula.Led. Thís is the volume of the undiluted salíva

or standard which ínhíbited 50% of the hemagglutination: Ëhat is,

the HID-^.
)U

HID50 = antilog 5.00 - y intercept

slope of probit line

The HrDro found for the standard hTas converted from units

of volurne (¡11) to unirs of weighr 
Çl.le) br mulríplicarion of the HrD5o

volume by the concentration of the undíluted standard solution

(0.fUSfSt). The concenËration of blood group subsrance in rhe

saliva St/Ft) was then compured by division of rhe HrDro weÍght of

the standard (J,{e) by the HrD50 volume of rhe salíva gJl) . The unírs

ofu slul were then converted to units of rng% by multiplication by a

factor of tO2.
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CHAPTER ]V

RESULTS

I Quantitative Hemagglutination-Inhibitiqn

(Ð Preincubarion

An equilibrium experíment was performed to examíne the

reversibí1ity of the hemagglutination-inhibition reaction and to

determíne if a preincubatíon of saliva or standard with the

antiserum was required prior to the addition of the test cell

suspension. Four combÍnations of reactants were used in the

preincubation mixture. Af ter one hour the third reactant r¡ras

added (Table IV - 1) .

The addítion of the third reactant was considered to be

to of the incubation and at intervals thereafter, samples were

removed and the percent agglutínation was determíned.

The results when hog gastric mucosal standard was used

as a source of blood group substance (BGS) are shown ín Fígure

4 - L. similar results were obtained with submandibular saliva

from secretors of blood group substances.

Gibbs et al. (1961a), who had performed a símilar

experiment, found that when anti-A was added to a mixture of hog

group A substance and group A cells, the agglutination increased

to, but did not surpass that level obtained when the BGS and

anti-A were preincubated before the addítion of the test cell

suspension. In our system, the agglutination initially rose
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Table IV - 1

The Design of an Experiment to Test the Reversibilíty of the
Hemagglutinatíon-Inhibition Reactíon and the Requirement

for a Preincubation of Antiserum and BGS

Pre incub a tion IUIÍx ture Third Reactant added at t

BGS + Anti-A

BGS + RBC

RBC + ANIí-A

PBS + Anti-A

1% test cell suspension (RBC)

Anti-A

BGS

RBC
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beyond this equilibrium level and then began to decrease towards it.

It would appear therefore, that red ce11 antí-A complexes formed

initially. This was followed by their gradual partial break-up

and the formation of BGS-anËi-A complexes. With time, the three

reactants would come into equilibrium, presumably at the same level

as that obtained with preincubatíon. r.n a subsequent experiment

(not shown) , when the duraEion of the íncubation \,üas extended to

96 hours, the agglutination cont,ínued to approach, but failed to

reach the equilibrium leve1. Hor,rrever, af ter about 48 hours,

hemolysis became increasingly evident in the reaction tubes, a

factor which would influence the equilibrium.

Gibbs et al. ( 1961b) compared anti-A sera from donors

who had no history of BGS stimulation wíth sera from donors who

had been artificially stímulated with hog A substance. They found

that r,ríth stímulated sera, antí-A-hog A substance complexes and

anti-A group A red cell complexes, appeared to díssociate less

readily than those formed with unstimulated sera. They concluded

that, antibodíes in the stimulated sera had a hígher avidity than

Ëhose in the unsLimulated sera; that is, antíbody wÍth a lower

rate of dissociation and a higher reacËion velocity. The sera

used in our experiments were from group B donors who had been

immunized with hog A substance prior t.o collection and preparaËion

of the sera. According to our equilibrium daËa the anti-A appeared

to be extremely avÍd. Strangely enough, the avidity appeared

greater wíth respect t,o the red cells than to hog A substance, the

homologous antigen.
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An equilibrium experiment Íras then undertaken to test

whether the duration of preincubation of BGS and anti-A had any

effect on the final level of agglutinatíon whích was reached ín

the system. After preincubation of BGS and anti-A for periods of

0.25, 1, 2 and 4 hours, a one percent test cell suspension T¡ras

added. The results are shown in Figure 4 - 2.

Varíat.ion in the duration of preincubation between 0.25

and 4 hours did not influence the final degree of agglutination

observed at equilibrium, but only the time required to reach this

level. The shorter the preincubaËion period, the shorter was the

time taken to reach the final equÍlibrium. For all assays, we thus

chose a preincubation period of one hour for reasons of technical

convenience.

(b) Effect of Boiling and Freezíng Saliva Samples

Many workers have recommended boiling saliva samples and

then freezíng them if assays can not be performed immediately after

the saliva is collected. The boiling procedure would presumably

destroy both endogenous and bactería.l enz)rmic actívity which could

alter the specificíty of the salivary blood group substances.

Schiff, in 1931, described the spontaneous destruction

of blood group antigens ín saliva (cired ín Hartmann, Lg4L) .

Ilartmann (194f) demonstrated enz5rmic activity in human submandibular

gland Ëissue which resulted in the destruction of salivary BGS. He

also found that saliva kept at 37oc. usually lost all of its blood
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group activity within 24 hours. However, if the saliva was boiled,

it could retain its original activity for over a month. The

addition of an antí-bacterial agent also retarded the loss of BGS.

Hartmann concluded that most of the spontaneous loss of salivary

BGS was due to bacteria; but he did not exclude the possibilÍty of

a contribution by endogenous salivary enzymes. Menguy et al. (f970)

observed S( -L-fncosidase and $ -n-acetyl-D-glucosaminídase acËivítíes

ín sterile parotid and submandibular-sublingual salivas. Other

glycosidase activitíes, which included $ -O-galactosidase and

neuraminidase, were found only in whole saliva and were therefore

probably of bacLerial origin.

Lt would appear from these reports that inactivation of

these enz)¡mes by boilíng Ehe saliva prior to the assay would be

desirable. trnle have therefore tested the effects of both boilíng

and freezing on the blood group activity of saliva samples.

Submandíbular salíva r¡ras collected from subjects H.C.

(experiment H.C.1) and B.Y.O., vortexed and divided ínto two

aliquots. The first of these alíquots was again divíded in two:

one being assayed imrnediaLely for blood group activity

(submandibular saliva) and the other Írozen at -6OoC. overnight

and thawed, centrifuged and assayed the next day (frozen). The

second alíquot was placed in a boiling \,/ater bath for ten minutes

and then centrifuged at L740 x g for ten minutes. The supernatant

\¡7as removed, vortexed and dívided in two: one portion being

assayed im¡nediately (boiled) and rhe other being frozen at -60oC.

and assayed the next day (boiled and frozen). The deËermínations

were done in triplicate and standard was included with each day's
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assay.

The effect of boiling was retested later on another sample

of H"C. saliva ( H.C.2) and on the salíva of another subject, R.K.

DeterminaÈions were agaín in triplicate. Results of both experiments

are shown ín Table IV - 2.

tr^Ie have found that when submandÍbular salíva hTas placed in

a boíling v,raEer bath for ten minutes, it resulted ín a lower blood

group activity than when the saliva r,ras assayed immediately

(Table IV - 2). Kin (1939) reporred rhar salivary BGS r^7as srable

at 100oC. for 20 minutes. However, we observed that during the

boiling procedure an opaque precipitat.e appeared which formed a

pe1let upon centrifugation. The clear supernatant r¡/as used for

BGS determínations and ít may have been that a certaín amount of

BGS had co-precipita,ted with this material and was 1ost. Rex-Kiss

(L942) found that chemical removal of mucín from saliva resulted

ín a loss of blood group activity.

I¡lhole saliva was routinely centrífuged prior to the BGS

determination to remove bacteria and cell debris. rn one experíment,

wax-stímulated whole saliva was collected, vortexed and divided ínto

two aliquots. One alíquot was placed in a boiling water bath for

10 minutes and then centrÍfuged while the other aliquot was only

centrifuged. The boiled-centrífuged sample showed consíderably

more activíty than did the cenËrifuged sample. This is not

surprísing since many bacteríal enz)rmes remain in the supernatant

after centrifugation of whole saliva (Ferguson, 1968). Although
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Table IV - 2

The Effect of Boiling and FreezÍng on the Blood
Group A Activity of Submandibular Salíva

Subject and
Experiment

H.. C. I
il

tl

tt

B .Y .0.
il

ll

ll

H.C.2
il

R.K.
il

Procedure applied
to Submand. Saliva

untrea ted
boiled
ftozen
boíled and frozen

untreated
boíled
frozen
boiled and frozen

untreated
boiled

untreated
boiled

mg% BGS

L29
104

64.7
110

L4B
79 .O
93.4

105

LB2
I64

43
37 .7
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no attempt vras made to collect submandibular saliva aseptically, it

ís unlikely that bacteria would greatly ínfluence the results, as

duct saliva rvould lack an indigenous bacterial population.

Those submandíbular saliva samples which were frozen

immediately after collection contained a precipitate when they were

Ëhawed. The samples T¡rere centrifuged and the assays of the

supernatants indicated a large loss in blood group activity

compared with samples assayed immediately (Table IV - 2). Samples

which were boíled and centrifuged prior to freezing díd not contaín

a precípitate and the BGS determinations indicated concentrations

comparable with those samples which were boiled and centrifuged but

not frozen. Ln order to control to some extent the inevitable loss

of BGS with saliva storage, it became routine practíce to boil,

centrifuge and f.reeze all submandibular samples which could not be

assayed ímmediately.

(Ð The Effect of Ionic Strength and the Concenrration

of Non-Blood Group Active Salívarv Components on the

Hemagg lu tina t ion -InnfÞ_r t ion Re action

It has been shov¿n that the composítion of salÍva depends

upon variables such as flow raËe and duration of stimulation.

Amongst those components which can show a change are the

concentration of salivary proEeins and the ionic strength. As one

of the objects of the study Tras to observe the effect of some of

these same variables upon the concentration of blood group substances,

it was desirable to see whether changes in the concentration of



80

salivary components lacking blood group specificity, and changes in

ionic strength, affected the hemagglutination-inhibítion assay, and

whether high protein concentratíons could produce non-specific

ínhibition.

Submandibular salíva \^zas collected at a low flow rate and

then at a high flow rate from a group A non-secretor (C.D.). The

respective protein concentrations were 135 mg% and 360 mg%. A

quantitat,ive hemagglutination-inhibitíon assay r¡üas performed on each

of the samples usíng saliva dilutions between neat and L/4 and anti-A

diluted to I/ 125 (experiment A) . Even wíth such highly diluted

antíserum there was little or no inhibition when compared with the

PBS control. It would therefore appear that salivary proteins which

lack blood group specificity show little or no abilíty to inhibÍt

agglutination.

A second approach r¡/as then taken. Submandibular saliva

was collected from a group A secretor individual (H.C.) and from a

group A non-secretor (C.D.). The H.C. saliva \¡ras vorLexed and

divided into two aliquots. The first l^ras assayed for blood group

activity ín the normal manner. For the second aliquot, all the

saliva dilutions were made up with non-secretor (C.D.) saliva

servíng as dÍluent. The anti-A and test cell suspension were

prepared with PBS. The assay was performed in duplicate (experiment

B).

The experiment \^7as repeated with dífferent samples of H.C

and C.D. saliva. In Lhis case (experiment C) the C.D. salíva vras

dialyzed overnight against PBS before it was used as diluent. The
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assay r¡ras done in triplicate.

To test further the effect of ionic strength and the

concentratíon of salivary components other Ëhan BGS, an experiment

involving 4 different diluents was performed (experiment D).

Submandibular saliva \¡/as collected from a blood group A non-secretor

(C.D.). The potassium and sodium concentratíons were determined to

allow calculation of the approxímate ionic strength and then the

saliva was boiled and centrifuged. The supernatant was divided

into two aliquots; one was frozen immediately (C.D. saliva) and

the other was dialyzed overnight against PBS before being frozen

(dialyzed C.D. saliva). The submandibular saliva of a group A

secret.or (8.Y.0") was then assayed for blood group A actívity

using the two samples of the non-secretor saliva as diluent. As

we1l, quantiËative hemagglutination-inhíbition tests were performed

on the same sample of 8.Y.0. saliva using as diluents PBS (PBS) and

PBS which had been diluted to the same Íonic strength as the C.D.

saliva (f/4 PBS). The determinations were done in triplicate.

An experimentl^ras also carried out to test the effect of

ioníc strength alone on the reaction (experirnent E). Submandibular

salíva was collected from the subject R.K. , PBS, diluted with

deionized v/ater to strengths oÍ. L/4, I/2, and 3/4 of the oríginal

PBS, as well as undiluted PBS and deíonízed water were used to

dilute the R.K. salíva in hemagglutination-ínhibítion tests. The

assays were performed in duplícate.

The results for experíments B , C, D and E are given in
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Table IV - 3

Even at hígh flow rates submandibular saliva is hypotonic

with respect to serum. Thus, in experíment B, one sees a combined

effect on Lhe assay of both a decreased ionic strength and the

consti-tuents of the non-secretor saliva. The value for the BGS

determÍnation with C.D. saliva as diluent \,Jas over tr¡tíce that with

PBS as diluent. When the non-secretor saliva was dialyzed against

PBS prÍor Ëo being used as diluent (experíment C) the values obtained

were again higher than the PBS control, but the difference was less

than that seen in experiment B.

The act.ual values from experiments B and C can not strictly

be compared as different samples of both H.C. and C.D. saliva r¡rere

used and the experiments were performed on dÍfferent dates. However,

experiment D did tend to confirm the relationshÍp. In experiment

D, when dialyzed non-secretor saliva \¡ras used as díluent, a value for

the BGS of the secretor saliva was obtained which was intermediate

between those values obËained with PBS and undialyzed C.D. saliva

used as díluent. An íntermedíat.e value \^ras also obtained when

saliva dilutíons !/ere prepared wíth L/4 PBS. Experiment E also

demonstrated increased hemagglutination-inhíbition when the ionic

strength \^ras lorvered.

It would appear therefore that decreased ionic strength

and the presence of relatively large volumes of non-secretor salíva

increased the apparent blood group activity of the secretor salÍva.

Furthermore, the two effects appeared cumulative.
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The Effect of
Estimation of

Table IV -

f.oníc Strength and
Blood Group A Activí

J

Non-secretor Salíva on Ëhe
ty of Submandibular Saliva

Experiment DÍ1uent

PBS

C.D. saliva

PBS

dialysed C.D. saliva

PBS

dialysed C.D. saliva
C.D. saliva
L/4 PBS

PBS

3/4 PBS

L/2 PBS

1/4 PBS

deionized \^rater

mg% BGS

84.4
Ll2

71 .9
L02

q? a

63.9
73.0
62.L

6L.7
6s.9
84.4
90.3

L42
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AggluEinatíon and precipítation are t\,ro-stage reactions.

The first ís the formation of antibody-antigen complexes, followed

by the second stage which is the linking together of these complexes

to form a lattice. The combination step occurs rapídly whereas

1aËtice formation requires a considerable length of time before an

equilibrium is reached.

Jerne and Skousted (f953) found an increased rate of

bacteriophage-neutraLízatLon by specific antíbody when lorv salt

concentraËions were employed. Similar results were observed in a

lucÍferase, anti-luciferase system (Tsuji et ,a1. , L962). Barnes

(L966) showed increased specífic and non-specific bínding of anti-D

H-gtobutin to red cel1 sËroma when Ëhe Íonic strength was decreased

below physiological levels. At a constant ionic strength the species

of ions present also influenced the first stage agglutination ín an

Rh-anti-Rh system in a manner ¡¿hích appeared to be a function of the

hydrational properties of the ions (Good and Wood, L97 la and b) .

The second stage of agglutínation has been shown to be

inversely relaËed to the zeta potential'of the red cells (Pollack

et al., L965; Pollack and Reckel, L97O). Treatment of red cells

with proteolytic enz)¡mes, or an increased ionic strength or

díelectric constant of the medium decreased the zeta potential of

Rh(+) cells and increased agglutination by specj-fic antibody

(purified anti-Rho (D) ímmunoglobulin). The authors suggested that

a decreased zeta potential allowed the cells to approach each other

more readily so that the díst,ances between the cells were small
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enough to be spanned by an antíbody molecule.

The hemagglutination-inhibition system is more complex

than those which are described above, as Ëhree reactants are

involved. The preincubation included soluble antigen and antiserum.

The ionic strength of the preincubation mixEure vras lower than that

of the final reaction mixture, especially ín those assays in which

the secretor saliva \^7as diluted Í,líE'Jn L/4 PBS or C.D. saliva.

Hor¿ever, as Lhe anti-A-BGS reaction is reversíble, a ner¡I

equilibrium would occur at the higher ionic strength of the final

incubation mixture. If, in our system, a decreased salt concentratíon

resulted in an increased combinaEíon of antibody wíth antigen, there

would tend to be more anti-A neutralized during preincubatíon by

secretor saliva diluted with 1/4 PBS or C.D. saliva Lhan when diluted

with PBS. By the same reasoning, however, thÍs effect would tend to

be offset by an increased uptake of anti-A by the red cells.

A more likely explanation for the higher inhibition titres

in the presence of 1ow ion concentrations would ínvolve the second

stage ín agglutination. The lower ionic strengths would increase

repulsion between, the group A cells and consequently result in

lewer levels of agglutination. Thís would result in an apparently

higher ínhibition titre.

The higher ínhibition achieved with secretor saliva rvhích

had been diluted wíËh díalyzed C.D. saliva, relative to that which

had been diluted with PBS can not be explained by an ionic strength

effect. It would appear that some factor in saliva whích Ítself

has no blood group activíty may augment the hemagglutination-inhíbition
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by BGS. Pollack and Reckel (1970) observed no effecr of rhe

viscosity of the medium on the amount of hernagglutination. They

do not, however, gíve any dat.a on the effect of viscosity on the

rate of the reaction. Inihen saliva is used as díluent, the íncrease

in viscosity in the system is considerabre. The high viscosity

may have decreased the rate of reactíon such that. equilibríum was

not achieved in the 20 hours of incubatíon. This would result in

less hemagglutination and an apparently higher blood group

actívity of the secretor saliva.

rn act.ual hemagglutination-inhibition assays of saliva

samples, all dílutions were performed wíth pBS. rn mosË cases the

salíva dilutions were quite high. Therefore, although fairly large

differences in ionic strength can occur between saliva samples, the

ionic strength in the assay system would be close to Lhat of pBS.

Dífferences in the concentration of non-blood group active salivary

constituents between samples would also not be as great as between

samples diluted with non-secretor saliva and those diluted with PBS.

rn any case the changes Ín the concentration of BGS under varying

condítions of stímulatíon as shown in the data presented in

subsequent sections, are too great to be explained by either of

these effects.

(g) rhe

S ub s tances

E ffe ct

on the

of Low lulolecular l¡Ieight, Blood Group Specif íc

QuantitaËive Hemagglutination-Inhibition Assays

There have been reports that oligosaccharides which show

blood group specifícity are present in saliva and other body fluids
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InIe have attempted to fÍnd the contríbution of these low molecular

weíght substances to the total blood group activity of submandibular

saliva.

Fifteen ml of submandibular salíva $7as collected from a

group A secretor (H.C.) . The saliva \Àras concentrated by

ultrafiltratíon with a UM-10 membrane (membrane retains molecules

above 10,000 M.I^l .) . The fíltrate was again subjected ro

ultrafíltration with a lnl-05 membrane (membrane retains molecules

above 500 M.W.). Protein concentraËions and blood group A

actívÍtíes vrere determined at each stage. The results are shown

in Table IV - 4.

About 25% of the total blood group activity íniríally

subjected to the filtration procedures \¡ras not recovered. The

f luid ret.aíned by the IJM-10 membrane was exEremely viscous and

some loss of material was inevitable. As well, some BGS may have

been denatured by the concentratíon procedures or may have

remained absorbed to the membrane. 
^ 

14% loss of proteín also

occurred during the first filtration (UM-10) and there \^7as a

further loss of LT/" o1. protein from the IIM-10 fíltrare when

subjected to the second filtration (UM-05) .

A srnall amount of blood group activity r¡/as present in

the llM-10 filtrate. This was probably due to low molecular weight

oligosaccharides which possessed blood group specificity. However,

the contribution to the total blood group activity of the

submandibular saliva made by these 1ow molecular weíght molecules

would be negligible.
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FractionatÍon of
S ubmandibular

Table IV - 4

the Blood Group A Activíty
S aliva by U1tra-fíltratÍon

of

S ample

Unfiltered saliva

Rerained by IIM-10

Passing UM-10

ReËaÍned by uM-05

Passing llM-05

31.5 ng

23.6 mg

not tested

1.3 x 10-3 mg

!.2 x 1O-2 mg

Inlt. Protein

25,2 ng

L6.4 ng

5.2 mg

1.8 mg

2.8 rng

Volume

15 nl

3 rnl

L2 mL

3ml

8 ¡nl

I^I t . BGS
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(e) Evaluation of the Method

During development of the technique we experimented r¡/ith

different centrifugal forces and times in the centrifugation step.

Both were found to be critical to obtain good separatíon of free

from agglutinaEed ce1ls. Microscopic examination of the two

layers indicated Ëhat several combinations of tíme and centrÍfugal

force gave good separation. A 30 second spin at 45 x g r¡ras amongst

those giving optimal separation. This was the time and force used

in the quantitative hemagglutination techníque of Dybkjaer (L966),

upon which we based our quantítative hemagglutínation-inhibition

method. InIe thus used this combination in all experiments.

I,trhen the technique was ínitially developed, mulËiple

assays of the same sample of group A secretor salíva resulted ín

coefficíents of varíation of between 9 and ITL. With practice, this

was reduced to between 2 to 6%. All precision experiments for H

subst.ance had coeffícients of variation within thís latter range.

A possible source of variation is that due to inaccurate

pipeting. Twelve, 100¡¡"-l aliquots from a síngle L% red blood cell

suspension r¡7ere dispensed ínto tubes, rùashed once with PBS and

hemolyzed \,rith I ml of Drabkints solution. When the optical

densíties were determined at 542 nm a coefficíent of variation of

0.7% was f ound.

Another source of error may occur ín the separation of

free cells from agglutinated cells. Aliquots of 250lL\1 were taken

from a single equilibrium míxture of BGS standard, anti-A, and

indicator red cells. The percentage agglutinaËion was determíned
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by the usual procedure. tr^Ihen all the tubes \^7ere centrifuged

together at 45 x g for 30 seconds, a coefficient of variatíon of

about L% was obtaíned. The sources of error would include those

which occurred in the separation of the layers which contained

free cells from those whÍch contained agglutinated cells and in

the addition of Drabkinrs solution. If the tubes were divided

into Ëwo groups which were then cent.rifuged separately, the

coefficient of variation increased to T/". The decrease in

precision rlTas assumed to be due to small Ínconsistencies in

centrifugation.

Kabat et al. (L947) were able ro obtain between 17 and

L27 mg of purified BGS per litre of mixed saliva. Our results

wíth quantitatíve hemagglutination-inhibition are expressed in

terms of mg% of the hog gastric mucosal standard. Our values

appear to overestimate the concentration of salivary BGS and

must therefore only be consídered as relative values.

The activities of hog A substances are known to

approximate those of human A substances (Gibbs et al., 1961a).

However, the purified hog BGS used in our experiments may have a

decreased potency as a result of the purífication process. Gibbs

et al. (f96fa) found that human ovarian cyst BGS, purified by

phenol extraction, had much less activity than did an equal

weight of desiccated original cyst fluid. If our standard had

a lower activíty per unit weight of BGS than did saliva, an

overestimate of salivary BGS would result. The presence of

contamínants in the standard would also contribute to an

overestimate.
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Gíbbs et al. (f961a) compared BGS from a number of

sources. The slopes of the assay curves (probit values agaÍnst

concenLration of inhíbiting substance) varíed from day to day

but were always similar to that of the hog gastric mucosal

standard for that day. They tesred rwo partially purífied

salívary BGS preparations but they díd not present any data for

untreated saliva. rn our study, we found the slope of the assay

curve for submandibular saliva to be consisËently lor¿er than that

for the BGS standard. The assay curves for differenË subjects

were also not all parallel. For this reason \,re have, in most

cases, refraÍned from comparing actual BGS concentratíons in

samples collected on different days or from different subjects;

that is, we have studied relative changes and relatíve differences.

An exception to this was the experiments t.o observe the effect of

freezíng the saliva sample on the BGS concentration. The results

from these experiments suggest that this restriction placed on

the technique is justified, as the apparent concentration of BGS

in samples which were boiled and frozen was somewhaE higher

than those whích were only boiled.

rr Effect of sevgral variables on the concentration of Blood

Group A E¡¿Þslgnçq ín Submandíbular Salíva

(Ð Duratíon of Stimufa_qion

Unstímulated submandibular saliva and one mÍnute samples of

stimulated submandíbular saliva collected at a constant flow rate over
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periods of L2 to 15 minutes r¡rere obtained f rom 4 group A secreLors.

The BGS and proteín assays were performed on the samples. The

results from three subjects are shown in Figures 4 - 3, 4 - 41 4 - 5

and4-6.

In order to show proteín concentration and BGS concentration

on the same scale, the mean concentration of proteÍn or BGS for all

the one minute samples and the unstimulated sample vras calculaËed.

The concentrations of protein or BGS for each of the samples was

expressed as a percentage of thís mean.

Figure 4 ' 3 shows the results obtaíned with the subject

H.c. when rhe saliva .t,,ras collected at a flow rare of L.7 | 0.04 ml/min.

The BGS showed líttle change in concentration upon continued

stimulatíon. The protein concentration, after an initíal drop, rose

to a maximum of 2.5 times the unstímulated level during the third

mÍnute. Upon contínued stimulation it showed 1Í ttle further change.

In a later experíment on this subject (Figure 4 - 4), when

the saliva r¡ras collected at an average f low rate of l.g t 0.05 ml/min.,

the BGS reached a maximum level during the fifteenth mínuËe; a

concentratíon, which was about 2.5 times that found in the

unstímulated sample. The protein concentraËion rose to a maximum

value during the ninth minute, approximately 2.5 tirnes the

unstimulated level, and then slowly fell over the next six minutes.

A third experiment on this subjecË (not shown) gave results similar

to those shown in Figure 4 - 4.

Figure 4 - 5 shows the results for the saliva of the

subject R.K. (average flow rate 3.4t o.t ml/mín.). The concentration
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of BGS increased continuously over the period of stimulatíon.

The maximum concentration (4 tirnes the unstimulated level) was

obEaíned during the eleventh minute of stimulation. The protein

concentration increased to about 2.5 times the unstimulated value

during the first 4 minutes of stímulation and then showed líttle

subsequent change. A second experiment on this subject showed

similar results over 10 minutes of stimulation.

The results for the subject K.K. (Fígure 4 - 13) also

showed a continuous increase ín blood group activity over the

period of stimulation to 3 tímes the unstimulated level.

Submandibular saliva collecred from B.y.O. (Figure 4 - 6)

showed a sixfold increase in the concentration of BGS during the

first five mínutes of stimulatíon and then the concentration

decreased slowly over the next 10 minutes.

Therefore, in most experiments the concentration of BGS

in submandibular saliva showed considerable change with the

duration of the sour lemon drop stimulation. However, the paËtern

of the response appeared to be different amongst the different

subjects tested. I^Ihen the experiment rrTas repeated on the same

subject at different times, different responses \¡rere also seen

(u.g. Figures 4 - 3 and 4 - 4). At the flow rates rested, none

of the subjects showed a faEigue effect in the concenËration of

BGS within the period of the collection; in fact, ín most cases

the concentratíon of BGS after prolonged stimulation was

considerably hígher than the concentration ín the unstimulated

sample. Caldwell and PÍgman (L966) found no fatigue effect
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with prolonged stimulation at various flow rates in the

concentrations of carbohydrate, non-diaLyzabLe nitrogen or total

nítrogen. we found that the proteÍn concentraËion increased with

duration of stímulation in most cages. Hov/ever, a close correlation

between BGS and protein was not seen.

(Þ) of Flow Rate on the Concentration of Blgod Group

Substances Ín Submandíbular Saliva

I collection of saliva at a Low Flow Rate followed by a collection

at a High Flow Rate

submandibular saliva v/as corlected for 5 minutes at a low

flow rate and for a subsequent l0 minutes at a high flow rate from

3 group A secretors. rn the case of a fourth subject, B.y.o., saliva

was collected at a 1ow flow rate for 3 minutes and at a high flow

rate for 12 minutes. An unstímulated sample was obtained prior to

stimulation for all subjects.

FÍgure 4 - 7 shows the results obtained for the subject

H.u. The average flow rate for the first 5 mÍnutes of stimulation

was 1 .Z t 0.05 ml/rnin. and 1.0 t 0.06 rnl/rnín. for rhe nexr l0

minutes. The BGS concentratíon rose continuously at the lov¡ flow

rate. Inlhen the flow rate was íncreased, the level fell and then

increased to oscillate about a plaËeau. The maximum concentratíon

occurred during the twelfth minute of stimulation and was almost

four times the unstímulated concentration. The proteín concentration
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appeared to follow that of the BGS. More or less similar results

were found with the saliva of R.K. (not shown).

The results found rvith the saliva of B.y.O. are shown ín

Figure 4'B. The low flow raËe r,ras maíntained at 1.0 t o.t rnl/min.

and the high flow rare ar 2.ot 0.05 ml/mín" Neither the BGS nor

the protein concentration changed markedly over the period of

stimulation. similar results to those in Figure 3 - B were obtained

with Ehe subject H.c. rn boËh cases Ëhe proteín concenËratíon

correlaËed well with the BGS concentration.

Caldwell and Pigman (1966) found that when the concenËration

of protein-bound hexose in submandíbular saliva. was plotted as a

funcÈion of flor¿ rate, a contínuous curve resulted. Maximum values

were found in unstimulated saliva and minimum values were found in

saliva collected at low flow rates. As the flow rate was increased,

the concent.ration of BGS also íncreased. Their analyses were done

on pooled 15 rnl samples of saliva collected at a constant flow rate.

Different flow rates \^rere obtained with the aid of different stimuli.

As the concentration of total glycoproteÍn in

submandibular saliva increased when the flow rate \nras increased, it,

rníght be expected that the concentraËion of BGS, a glycoprotein,

would also increase. rn some subjects there did appear to be an

increase in the concentration of BGS with the higher flow rate,

whereas in others there wa.s little change. It is, therefore,

difficult to make a general sÈ.atement about the effect of flow

rate on the concentration of BGS in submandibular saliva. rt is
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also difficult to dissociate the effects of flow rate from those

due to the duratíon of stimulation. The mean BGS concentration

for the 4 subjects in the saliva collected at a high flow rate

(fgf t 8 mg%) r¡ras greaËer than that in the saliva collected at

Ëhe low flor,r rate (64 t L2 n{/"). rn the series of experiments

to examine the effects due to duration of sEimulatíon, the mean

BGS concentration ín the saliva collected duríng the first 5

minutes of stimulatíon (gf t 15 mg%) was símílar to that in the

saliva which was collecËed over the remainder of Ëhe experÍment

(109 t 10 mg%). However, the two seÈs of experiments can not

validly be compared as the subjects T¡rere noË the same in the two

experimenËs.

Even íf a rise in the concentrat.ion of BGS did occur,

concomitant \,rith total glycoproteín when flow rate was increased,

the large drop in total glycoprotein concenLratíon upon stimulation

(Caldwell and Pigman, L966) did not occur with BGS. One musr

suppose that on stimulation, there is a differential change in the

rate of secretion of different specíes of glycoproteins. There

are precedents for the supposition that under dífferent conditions

of stimulation, dífferent relative proportions of glycoproteins

can exÍst.

Dische eL al. (L962, Lg69) observed an increase in rhe

ratio of fucose to sialic acíd in dog submandibular saliva, when

the dose of pilocarpine was increased. I^lith increasíng stimulation,

the electrophoretic and ultracentrifugation patterns indicated
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a shift ín the proporÈions of two glycoproteins which had different

molecular weights and electrophoreËic mobilíties. A change was

observed in the relaËive proportions of z gLycoproteins in cat

submandÍbular salíva when secreted in response to electrical

stimulation of either sympathetic or parasJ¡mpathetic nerves

(Dísche et al., L970). The saliva, produced after sympathetic

stimulation had a consistently higher sÍalic acíd to fucose ratio.

More relevanË to this study was the report Ëhat with an

increased flow rate, the ratio of sialic a.cid to fucose increased

ín the submandíbular saliva of human non-secretors of BGS (Caldwell

and Pigman, L966). The ratio of sialÍc acid to fucose in secretors

remained constant. The authors concluded that, at least in

non-secreEors, the relative proportions of the individual

glycoproteins can undergo change. rn this study we must also assume

that this can occur in order Ëo correlate our findings on the

concentration of BGS with Ëhose of caldwell and pigrnan on total

glycoproteín in human submandibular saliva..

2 Collection of Saliva at a High Flow RaËe followed by a

CollecËion at a Low Flow Rate

salíva was collected at a high flow rate for 10 minutes,

at which time the sour lemon drop \¡ras removed and 5 more l minute

samples were collected. Inlhen Ehe stimulus was removed, the f low

rate fe1l; however, duríng the 5 minutes ít never decreased to the

unstimulated flow rate.

Figure 4 - 9 gives the results for the subject R.K. The
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avera.ge f low rates \^7ere 3.2 t 0.1 ml/min. for the first 10 minutes

and 0.1 t 0.04 ml/min. for rhe lasr 5 minures. By rhe fifrh minure

of stimulation the concentration of the BGS had increased to a

level of about twice that of the unstimulated saliva. I{hen the

sour lemon drop was removed the concenËration of the BGS fell over

the 5 minutes to a level only slightly greater than that of the

unstimulated sample. The protein concentration followed a simílar

pattern.

The concentration of BGS in the saliva of the subject

H.u. (not shown) increased over the 10 minute high flow rate

collectíon reachÍng a maximum of about 7 times the unstimulaËed

level in the tenth minute. when the stÍmulus was removed, the

concenLration fell to about 3 times the unstÍmulaËed leve1.

The results for H.C. are given in Figure 4 _ LO. The

BGS increased over the period of stÍmulation and continued Ëo rise

after the sour lemon drop was removed. The maximum was reached in

the twelfth minuËe; a value of over 4 times that found in the

unstimulated saliva. The concentratÍon then decreased only

slightly. The proËein patEern was similar to that of Ëhe BGS.

The subject B.y.o. (not shown) showed littre change in

the BGS. The proteín concentration increased to reach a level

4 times that of the unstimulated saliva during the sixth minute

and then showed a fairly uniform decrease to about Ëwíce the

unsËimulated level in the fifteenth minute.

fn 2 of the subjects (H.u. and R.K.) the concentration

of BGS fel1 considerably when stimulation \¡ras terminated. The
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delay which occurred before the decrease in the BGS concentration

in the salÍva of the subject H.C. may have been due to residual

dissolved sour lemon drop which continued Ëo stimulate secretion.

However, the decrease in the flow rate was only slightly more

gradual in Ëhis subject than ín R.K. and Il"U.

(-Ð Effect of the Duration of Stimulation on the Ra tio

of A to H Aclivity in Submandíbular Saliva

Unstimulated submandibular sa1íva was obt.ained from 3

group A secretors followed by 10, one mínute stimulated samples

which were collected at a constant flow rate. In the fourth

subject (K.K.) it was necessary to cannulate the submandibular

duct directly with a length of polythene tubing. With the

laËter procedure reduced quantitÍes of salíva \azere obtained.

Therefore, each sample of stímulated saliva contained the secretion

collected over 4 mínutes. For this subject the total períod of

the collection was 12 mínutes.

Figure 4 - LL gives results for the subject B.Y.O. Upon

stimulatíon both A and H actívity fell. Both activÍties increased

slightly during the second and third mínutes and then remaíned

quite constant for the duration of the collectíon. The A/H ratio

followed a similar pattern.

Continued stímulation for 10 minuËes resulted in little

change in the A or 11 activity in the submandibular saliva of the

subject H.C. (not shown).
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The A actívity in the submandibular saliva of the subject

R.K. (Figure 4 - L2) did nor change markedly during rhe period of

stimulation. The H activity, however, increased during the first

7 minutes to reach a maximum of about 3 tÍmes the unstimulated

concentratíon during the seventh minute. The actÍvity decreased

slightly duríng the last 3 minures. The A/H ratio of rhe sample

collected in the first minute of stimulation r¡ras over 4 times the

A/H ratio of the sample collected in the seventh minute.

The results for the subject K.K. are given Ín the

Figure 4 - 13. The A activíty increased over the períod of

stimulation to reach a maximum ín the sample collected through

the eighth to twelfth minutes which was about 3 times the A

activity of the unstimulated sample. The H activity increased

parallel to the A activíty over the first B minutes. The H

actívíty in the sample collected over the last 4 minutes, however,

was lower than that collected duríng the fifth to rhe eighth

minutes of stimulation. The A/H ratío of this last sample was

over twice Ëhat of the unstímulated saliva.

There are several possíble explanations for a shift in

the A/H ratio with duratíon of srímularion. one possibilíty is

that there may be a change in the proportional rates of

secretion of t\,lo or more distinct specíes of blood group

specífic molecules which have different ratios of A/H

specificities. This would be analogous to the shift ín the

proportional concentratíons of the two glycoproteín fractions

in dog submandibular saliva when the animal is given increasing
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doses of pilocarpine (Dische eË al., L962, L969). Boettcher (L967)

demonstrated that precipitation of A molecules frorn A, and A,

salivas wíth Doléchos biflorus extract removed all detectable A

actívity and some of the H activity. The author concluded that

some molecules possessed both A and H specificities while others

possessed only H specificity. If prolonged stimulation produced

an increase or decrease in the rate of synthesís and secretion of

molecules of either population, there would be a change in Lhe A/H

ratio of the salÍva.

A second possible explanation r¿ould involve shifts withín

a single populatíon of BGS molecules, heterogeneous with respect to

the A/H ratio. The carbohydrate chains of glycoproteins are present

in varyíng degrees of completeness. This so-called

microheterogeneity has been demonstrated for a number of glycoproteins

íncluding a porcine submaxillary mucín which possessed blood group A

specificity (Carlson, 1968). The co-presence of A and H

specificities on the molecule of human BGS is also an example of

mícroheterogeneity. Those carbohydrate chains which possess the

H structure lack the terminal immunodominanË sugar of the A

strucËure. SpÍro (f970) has suggesËed that the degree of

microheterogeneity of glycoproteÍns might be affected by the

rapidity with which the precursor protein core passes Ëhrough

the channels formed by the membranes of the endoplasmíc reticulum

and the Golgi apparatus which contaÍn the glycosyl transferases.

Ericson (1968) has demonsErated that pilocarpine-stimulation

caused an increased secretion of preformed glycoproteín by the
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rat submandibular gland, followed by an increased rate of

glycoprotein biosynthesis. Levine et al . (L972) have demonstrated

carbohydrate free proteín core in human parotíd saliva whích was

collected using a prolonged gustatory stimulus. Presumably, the

rate of secretíon hTas too great to permit the attachment of the

sugar units. The synthesÍs of a structure with A specíficity

requires the addition of an N-acetyl-galact.osamine on to a substrate

havíng the H structure. If upon increased or prolonged sËimu1aËion

the raËe of biosynthesís of BGS increased, one rníght expect an

íncrease in the microheterogeneity and a fall in the A/H ratio.

One subject (R.K.) did show a large fall in the A/H ratio

with duration of stimulation. The A activiËy remained constant

over the ten minutes, whereas H activity increased. It would

appear that the limiting step r,vas the rate of addítíon of the

N-acetyl-galactosamine. It may be relevant to note thaË R.K. was

the only subject of the sub-group A, in tlne 4 subjects studied.

inlatkíns and Morgan (1956b) and Boettcher (L967) have suggesred

that the product of the A, Bene is less efficient than rhe

product of the Ar Bene in converting the H precursor into A substance.

It would be difficult, however, to reconcile this theory

with the increase ín the A/H ratLo Ín the subject K.K. during the

eighth to the twelfth minutes of stimulatíon.

A thírd possibility for changes in the A/H ratio would

involve the action of glycosídases within the submandibular

gland which may cleave sugars involved in blood group specificity

from preformed BGS. Hartmann (1941) has demonstrated that under
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steríle conditions, pieces of submandibular gland can cause the

destruction of BGS. lulenguy (1970) has showntÉ.-L-fucosidase

activity in submandibular-sublingual saliva. If these enzymes

are actíve within the gland, the relative activities of the various

specific glycosidases may ínfluence the A/H ratio of the preformed

BGS molecules. When the rate of secretíon is increased, the time

that the BGS molecules would be subjected to the action of these

enzymes would be decreased and the A/H ratío would depend more on

biosynthesís.

III Relative Contributions of Individual Safivarv Glgnds

to the Blood Group Activitv of the l^Ihote Salíva

Mosl investigators who have made quantitative studies of

salivary blood group substances have used r¿hole saliva. An

exception Ëo this was the work of Wolf and Taylor (L964) on Ehe

respective blood group activities of lemon-juice-stimulated

sublingual, submandíbular and parotid salivas. They observed high

activities in sublingual saliva, with inhibition titres ranging

f.rom 64 to 16,384. The inhÍbition rirres of rhe submandÍbular

saliva samples were between 16 and 1,024. Slight blood group

activity r¿as found ín the parotíd saliva of 5 of the 16 secretor

individuals who were studied. The authors suggested that the

concentration of blood group substance in the secretion was

related to the proportion of mucous-secretíng cells in the gland.

I,{e have employed the previously described quantitative
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hemagglutination-inhibítion technique to examine the blood group

A activity of a number of salivary secretions. We have included

Ín thís study, unstimulated and wax-stimulated whole saliva,

unstímulated and sour lemon drop stimulated-submandibular saliva

and lip-mucous-secretion and citríc acíd-stimulated sublingual

saliva and palatal gland secretion. The study included 10 group

A secretors and 2 group AB secretors.

The results for the 12 subjecËs are given in Table IV - 5

and the mean values with standard errors are shown in Figure 4 - L4.

A wíde variation amongst individuals was found for all of

the secretíons. In spite of the rather large standard errors ít is

obvious that the blood group activity of the lip-mucous and palatal

secretions and the sublingual saliva was much higher than that of

whole or submandibular saliva. The whole saliva had higher activity

than díd submandibular saliva.

There appeared to be more group A substance in unstimulated

than in stimulated lip-mucous secretíon. Unstimulated lip-mucous

secretÍon could not be collected from 3 of the Índividuals. If in

the calculation of the mean group activity for lip-mucous secretÍon

only those values were included for which both stímulated and

unstÍmulated samples r¡/ere assayed, this dífference between stimulated

and unstimulated was still observed.

Blood group activity rlras determined in the parotíd salÍva

of 3 of the índivíduals and the values were found to be very 1ow.

This part of the study vTas not pursued and the results are noË shor¿n.
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Table IV - 5

The Blood Group A Activity*in VarÍous
Salivary Secretions of Twelve Subjects

S ample
Subject

R.K.

D.S .

S.B.

A.i^1.

H. C.

S.C.

M.F.

K.K.

R.Y.

H.U.

8.0.

J. P.

Mean

-L!sB

Uns tim.
Inlhole

Saliva

79

LL4

200

Lt6

224

L59

354

239

2L4

LB2

L26

282

19L

tzz

66

48

L29

457

L26

7 2.4

200

138

52.5

97 .6

Lt7

t66

10

B1

54.9

25.7

L62

110

6L.7

100

L0.2

t9.9

97 .5

53.7

65.6

tr:

s rim.
S.M.S.

51

t6

37.2

n. t.

L59

87 .L

47 .B

235

46.8

38 .9

23.4

36.3

70 .8

tzo

Uns tim.
L.M.S.

794

n. t.

977

1050

1450

1480

n. Ë.

zLBO

324

L290

602

n. Ë.

I 130

tra¡

s tim.
L.l.{. s .

r000

209

1070

379

1 100

1050

645

L230

407

632

446

776

745

!
'-98

74L

408

LL20

3 rB0

118 0

L990

490

n. t.

693

468

LL75

795

1110

tz+e

L290

310

178 0

576

r450

117 0

870

1380

602

L230

19 10

1 100

1140

tt:s

S tin.. Unstím.
v,, nole
Saliva S'M'S'

s rim.
Palatal s tim.

secretion s 'L's '

L39

tsz

S.M.S.
L.M.S.
S.L.S.
n. t.
lê

- Submandibular saliva
- Lip-mucous secretion
- Sublingual saliva
- NoË tested
- The activity is expressed. as n{" wíth respect

to the hog gastric mucosal stand.ard.
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In light of the findings of i,Iolf and Taylor (L964) rhe

high activities of lip-mucous and palatal secretions and sublingual

saliva are not surprísing. All three secretions are of a mucous

nature.

!üith the aid of th-is data and wíth several assumptions,

ít is possible to speculaEe on the source of the BGS in the whole

salíva. Schneyer and Levin (1955a) estimated that Ëhe submandibular

glands contributed about 7trL of the vorume of the restíng whole

salíva. rn our calculatíons we have used this figure and have

assumed that the sublíngual and minor mucous glands made a

combíned contribution of about LUL of the whole saliva (Dawes and

Wood, L973a). As unstimulated palatal gland secretion or

sublingual secretion \ras not collected, we further assumed that

the value obtaíned for the unstimulated lip-mucous gland secretion

T¡zas representative of all 3 secretions. The blood group activity

which .t^ras contributed by the paroLÍd saliva was consÍdered

negligible.

If our assumptions r¡/ere correct and all the sources of

salivary BGS have been tested, the BGS concentration of the

individual secretions multiplied by their respective volume

contríbution to the whole saliva should approximate the BGS

concentration of the whole saliva.
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(0.1) mg% BGS of + (.2)% BGS ot

lip-mucous parotid

gland secretíon salíva

(0.1) (1130) + (.2) (0)= (0.7) (66) +

= 159 nc%

The value obtained by calculation is somewhat less than

the value obtained in the assay of unstimulated whole saliva. This

would suggest that not all of the assumptions were justified. The

concentration of BGS ín stimulated lip-mucous secretion was

consíderably less than that ín stimulated palatal gland secretion or

sublingual saliva. rf the blood group activity of the two latter

secretíons decreased upon stimulation such as occurred with

lip-mucous secretion, the use of the value for the unstimulated

1ip-mucous secretion as beíng representative may have underestimated

Ehe mean blood group activity of the 3 secretions.

Upon stimulation, the percentage contríbution by the

parotid glands to the whole saliva volume is increased. To calculate

the relatíve glandular contríbution to the blood group activity of

the stimulated ¡^¡hole saliva we have assumed that the relatíve

volume contribution of Ëhe submandibular glands drops to 5trL

(Shannon, L967) while the sublingual and minor mucous glands

contínue to contribute 10% of the whole saliva volume (Dawes and

l'Iood, L973a). The mean value for the BGS concentrations of the

stÍmulated lip-mucous and palatal gland secreLions and sublingual

saliva was considered representatíve of the three secretions.
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rns% BGS ín = (0.5) (70.8) + (0.1) (1000) + (0.4) (0) = L35 
'¡iie%

s timula ted

whole saliva

The value of 135 rng% obtained by calculation ís very

close to that which was found Ín the assay of the stÍmulated whole

saliva. This finding could be subject to the criticísm that the

nature of the stimulus \Àras not the same for each of the secretions.

However, it is unlikely that the nature of the stimulus would

affect the blood group activíty to any great extenË.

It would appear that the majority of the blood group

substance in the whole saliva originated from the sublingual and

minor mucous glands.

Amongst individuals, the proportional contribution to the

whole saliva volume by the various salivary secretions shows

considerable variabilíty. Schneyer and Levin (1955a) measured the

unsËimulated flow raËes of whole, parotid, submandibular and

sublingual salíva ín 23 individuals. The cornbined volume of the

secretion from the 3 pairs of glands per minute T¡ras considerably

less than the vhole saliva flow rate. This left an average of

41% (range: 0 to 90%) of the whole saliva volumettunaccounted forrt.

The rrunaccounted forrr volume r¡ras subsequently shown to be a result

of undue stimulation during the collection of the total mixed

saliva (Schneyer, 1956). They calculated the proportional

contributíon by the individual secretions as a percentage of the

cornbined volume secreted by the submandibular, sublingual and

parotíd glands per unit time. They found a range of 44 to 94%
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(mean: 60.1) for the submandibular secretion, 0 to 18.B%

(mean: 4.7%) for the sublingual secretion and 0 to 52.7%

(mean: 26%) for the parotid secretion. In a study on 7 subjects,

Ong and Dawes (personal communicatÍon) found a range of L5.5%

to 42.2% (mean: 28.4%) in the conËribution of unstimulated

paroËid saliva when expressed as a percentage of unstímulated

whole saliva. The proportíonal contribution of stimulated

parotid saliva r^/as betr¡/een 37.4% and 45.4% (mean: 43.0%).

Dawes and Inlood (L973a) reported a range of. 3"L Eo 23% (mean:

8%) and 2% to L5% (mean: 7%) in the percentage contribution

of unstimulated and stimulated minor mucous secretions,

respectively.

The great range ín the proportional contributions of

the indivídual secretions combined wíth large differences Ín

their relatÍve concentraËions of BGS may account for much of

the variability amongst indÍviduals in the blood group acLívity

of the whole salíva. For instance, a secretor indívidual in

whom the mÍnor mucous glands showed a high rate of secretion

and the parotid gland a low rate of secretion, would have a high

concentratíon of BGS in the whole saliva. Furthermore, the

proportional contribution of parotíd saliva shows a circadian

rhythm of low amplitude (3.5%) (Ong and Dawes, personal

communicaËíon) . It is noË known whether the relative conËribution

made by the mÍnor mucous glands also displays a rhyËhm. If thís

did occur, it would result in another source of varíance Ín the

concenËration of BGS in whole saliva, unless the time of day of
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the saliva collection was st.andardized.

A method of eliminatíng Ëhese dÍfficutties would be to

study BGS in the secretions of ÍndÍvidual glands. This has

previously been suggested by Wolf and Taylor (L964). As iE ís

relatively easy to collect large volumes of submandibular saliva

this would seem to be the best choice.
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CHAPTER V

GENERAL DISCUSS ION

f.n most previous studies which have ínvolved

hemagglutinatÍon or hemagglutination-inhibition, twofold serial

dilutions of the antiserum or the inhibitíng substance r^/ere

used. The titre was determined by visual inspection. This

required a subjective judgement on the part of the investígator.

solomon et al. (1965a) state that the agreement of titres from

different laboratoríes is generally poor and, that at best, the

tiËre ís conceded to have an error of one doubling dilution in

either direction. rt is thus advisable that the same indivÍduar

read all titrations which are to be compared.

Methods whích have used mícroscopic cell counting to

determine the end poÍnt of the titration have eliminated the

necessity of a judgement of títre by the investigator, which,

as a resulL, makes the method more objectíve. A further

improvemenE of thís technique was the use of probit analysís

(Wilkie and Becker, 1955a). However, to obtain reproducible

results it is necessary to count a large number of cells. Thís

is a tedÍous procedure and, if a large number of samples must

be analysed, the time required may become restrictive.

Promísing results have been reported by Gibbs (1965) when rhe

cells are counted by an electronic particle counter.

Dybkjaer (L966) devised a method ro separare free

cells from agglutinated cel1s by their respective sedimentation
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properties. It did not require complicated equipment and he

obLained results comparable t.o other quantitatíve procedures.

l^Ie have adapted thís technique to quanÈitative

hemagg lutina tion-inhib ítíon.

In our hands, the precisíon of the hernagglutínation-

inhibition did not appear to be as great as Dybkjaer obtained

for quantítative hemagglutination. This is not surprising as

the ínhibition reaction ís more complex and consequently has

more possible sources of error. Our results compare favourably

wiËh those of Gibbs et al. (f96fa) v¡ho studied quantitatíve

hemagglutination-ínhibition using hemocytometer counts to

determine the percent agglutination. They found a coefficient

of varíation of 5.7% for 10 replicate assays of their standard

A substance performed on the same day. With our technique,

experiments with the same prolocol yielded coefficients of

variation from TL to 6"L. Solomon et al. (f965b) who studied

hernagglutination by cell counting procedures found coefficÍents

of variation of 5.7% Ln the HD'O of 10 replicate assays. They

encountered a 3,4% error associated with the hemocytometer

counts alone. The analogous procedures in our techníque

(centrífugation * separation of free cell layer * addit.ion of

Drabkinrs solution) yielded a coefficient of variation of. T/".

lrlith our technique no exceptional skills nor

complicated equipment are required to obtain accurate

determínatíon of BGS in saliva. lie have routínely analysed
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17 samPles of salíva in a single experiment with litt1e difficulty.

The lirníting factor with respect to time ís the 20 hour

incubation period which was requÍred to ensure equilibrium. This

necessitates that experiments be spread over 2 days. I^le suggest

that the technique is somewhat less tedious than those which use

microscopic ce11 counting to estimate the percentage agglutination.

A relative advantage which the latter techniques possess with

respect to the one whích we describe is that lower concenËrations

of the reacËants are used. This would be important if one or

more of the reactants \^rere available only in small quantities.

I¡le have found that v¡hen submandibular salíva is placed

in a boiling water bath for 10 minutes there ís a reduction in

blood group actívity. Once the sample has been boiled, it

reLains its activity when stored frozen. Samples which were

frozen without prior boiling showed a large decrease in actívity.

I,Ie recommend that when submandibular samples cannot be assayed

immediately they should be boiled and stored frozen. Hov/ever,

the results of quantitaËive blood group determÍnations on

samples treated ín thís marÌner should not be compared with

those of samples which \¡rere assayed immediately.

The application of thís technique to the examination

of the effect of several variables upon the concentration of BGS

ín submandibular saliva has led to some puzzLing results.

Prolonged sour lemon drop stimulation in some experiments has

resulted in up to a sixfold change in the concentration of BGS.



126

The pattern differed, however, in different subjects and in the

same subject when tested on different days. It is hard to

rationalíze dítferences in the response unless it is assumed

that variables exist, which influence the secretion of BGS

which we have failed to conË,rol. As the present results show

such great dífferences in the patterns of response to

stimulatíon r¡7e can offer little advice to other workers in

the field as to a regimen for the collection of stimulated

saliva. üle can conclude, however, that changes in BGS

concenËratíon due to stimulation could be a major source of

variance in experiments.

The concentraËion of BGS in unstimulated submandibular

salíva collected from the same subject on different days shows

much less variability Lhan that in stimulaEed saliva. üie did

not observe differences greater Ëhan twofold in blood group

activity between comparable samples. trnle recom¡nend that in

future, comparisons in the concentrations of BGS in salíva be

done only on unstimulated samples, at leasË until the effect

of stimulatíon on salÍvary blood group activiLy is clarifíed.

The experíments to determine Ëhe origín of the BGS

in the whole salÍva have demonstrated that sublingual saliva

and the mínor mucous gland secretions possess high blood

group actÍvity. The ability of forensíc scienËists to Ídentify,

in some cases, BGS in salíva staíns found on cigarette paper

and drinking glasses may be a resulr of the high activity in
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the 1Íp-mucous gland secretions. Our rather crude calculations

suggest that the sublingual and minor mucous glands contribute

about 70% of. the BGS of the whole saliva while formíng only

about LO% of the whole salíva volume. This study further

underlines the heterogeneÍty of Ëhe salivary secretions.

I,rIe have emphasized the fact that changes in the

relaËive flow rates of Ehe different salivary secretions would

Ínf luence the concentration of BGS in whole saliva. LrJe have

also poínted out that individual variation in the concentratíon

of BGS may in part be a result of Índividual variation in the

contributíons of the different salivary secretions. On the

basis of several population and famíly studies on the

concentratíon of BGS in whole saliva, it has been suggested

that the amount of ABH substance secreted in the saliva ís

under genetic control (Plato and Gershowítz, 1962; Clarke et

al., 1960; Guisti et a1., L972). Another possíble explanation

for the results which has not been explored is that the relative

contribution of individual secret.ions to the whole saliva is

under genetíc control rather than the concentration of BGS in

the secretions. Ericson (1971) has shown that Ehe most

important cause of indívidual differences in the flow rates of

stimulated parotid saliva is differences ín the size of the

parotid glands. It seems likely that the size of salivary

glands will, at least partially, be deLermined by inheritance.

Similarly, it does not seem too unreasonable to suppose that.
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the densíty of mínor mucous glands in the oral mucosa rnight

also be an inherited character. Thus, before a decision can be

Ëaken as to whether the amount of ABH secreted is controlled at

a genetic level, it would be necessary to carry out family and

population sËudies on the blood group activities of indívidual

secretÍons. This in turn would require a standardized procedure

for the saliva collection in which all variables which affect

salivary BGS ,concentration are defined and controlled.
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